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Student Competition: Metabolism and Nutrition: Amino Acids

1  Different supplemental methionine to cysteine 
ratios exerted does-dependent effects on the intestinal 
histomorphology and femoral bone properties of 
broilers challenged with Eimeria spp. Guanchen Liu*1, 
Milan K. Sharma1, Yuguo H. Tompkins1, Po-Yun Teng1, Woo 
K. Kim1; 1University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States. 

This study aimed to investigate the effect of different 
supplemental methionine (Met) to cysteine (Cys) ratios on 
the intestinal histomorphology and femoral bone properties 
of broilers challenged with Eimeria spp. Birds were fed the 
same diet meeting Cobb 500 nutrient specifications from d1-
14. Five treatment diets with different supplemental Met:Cys 
ratios (T1,100:0; T2, 75:25; T3, 60:40; T4, 25:75; T5, 0:100) 
were fed from d14. On d14, the birds were gavaged with 
mixed Eimeria spp. in the challenged group (CG), or PBS in 
the non-challenged group (NCG). The birds were then 
randomly distributed in a 5×2 factorial arrangement (5 diets, 
each with or without challenge) with 6 replicates per 
treatment and 12 birds per replicate. On 6 and 9 days post 
inoculation (DPI), duodenum, jejunum and ileum samples 
were collected for histomorphology analysis, and femur 
samples were collected for analysis of bone properties via 
microtomography (microCT). Two-way ANOVA followed by 
the Tukey HSD test as well as linear and quadratic 
regression analysis were performed on the obtained data. 
On 6 and 9 DPI, Eimeria challenge significantly deteriorated 
the intestinal histomorphology by decreasing the villus 
height (VH) or increasing the VH:CD ratios in all three 
sections (P < 0.01). On 6 DPI, CD linearly decreased (P < 
0.01) and VH:CD linearly increased (P < 0.01) as the 
supplemental Met level decreased. On 6 and 9 
DPI, Eimeria challenge negatively impacted the morphology 
of the metaphysis cortical and trabecular bones and 
diaphysis cortical bones. This was indicated by the 
decreased tissue volume, bone volume, and bone mineral 
content (BMC) (P < 0.01), as well as the negatively affected 
cortical porosity and trabecular properties (P < 0.01). For the 
metaphysis cortical bones, on 6 DPI, the metaphysis cortical 
open pore percentages (OPP) and total porosity (TP) were 
lower in T3 compared to T1 and T2 (P <0.05). On 9 DPI, 
significant quadratic relationships were observed between 
supplemental Met levels and bone mineral content (BMD), 
OPP, and TP (P < 0.05) in the CG. As for the metaphysis 
trabecular bones, on 9 DPI, the trabecular separation (TBS) 
linearly decreased (P < 0.05) and the trabecular number 
(TBN) linearly increased (P < 0.05), as supplemental Met 
levels decreased. In the diaphysis cortical bone, on 6 DPI, 
as supplemental Met levels decreased, BMC, TV, and BV 
linearly increased (P < 0.05). On 9 DPI, a significant 
treatment effect was observed (P < 0.05) where BMD was 
higher in T5 than T1. In conclusion, Eimeria challenge 
negatively impacted intestinal morphology and bone 
properties. Additionally, the ratios of supplemental Met: Cys 
showed significant does-dependent effects on bone 
properties. 

2 Assessing the potential of higher digestible 
levels of lysine and BCAA as proteinogenic amino acids 
in broiler chickens. Adeleye Adao*1, Oluyinka 

Olukosi2; 1University of Georgia, Poultry Science, Athens, 
Georgia, United States; 2University of Georgia, Poultry 
Science, Athens, Georgia, United States. 

An experiment was done to study the proteogenic effect of 
BCAA (branched-chain amino acids) in comparison to 
digestible lysine levels in the production performance of 
broiler chickens. The objective was to compare the impact of 
increased digestible levels of Lys and BCAA ratio on growth 
performance, amino acids (AA) utilization, and ceca short-
chain fatty acid (SCFA) profile in broiler chickens. A total of 
450 Cobb 500 male broiler chicks (off-sex) were allocated 
into 30-floor pens (randomized complete block design), with 
15 birds per pen on d 0. All birds received the same starter 
diet (220g/kg, 3000 kcal/kg AME) during the first 8d. 
Thereafter, 5 experimental diets (D) were provided for the 
grower phase (8-28 d, 190 g/kg crude protein), namely, D1, 
which had the recommended level of standardized digestible 
AA. D2 and D3 were similar to D1 but with lysine added at 
15% and 30% above requirement, respectively; D4 and D5 
were similar to D1 but with BCAA added at 15% and 30% 
above requirement, respectively. Birds and feed were 
weighed on d 8 and 28. Ileal digesta and ceca content were 
collected from 5 birds per pen on d21 and analyzed for AA 
digestibility and SCFA, respectively. On d28, the pectoralis 
major was collected from one bird per cage to determine the 
protein and fat composition. There were no significant 
treatment effects on weight gain, feed intake, and FCR. The 
BCAA (Leu, Ile, and Val) had higher (P<0.05) digestibility 
values for birds receiving D5 compared to the control. 
Digestibility of Cys tended (P<0.10) to be higher for D2, but 
no significant treatment effects were observed for the 
digestibility of other AA. The concentration of propionate 
tended (P < 0.10) to be highest in birds receiving D3, but 
there were no treatment effects on the caecal content of the 
other SCFA. On the protein and fat composition of the breast 
muscle, there were no significant treatment effects. In 
conclusion, higher digestible levels of Lys or BCAA 
produced similar positive responses in growth performance 
and protein and fat contents of the breast muscle. 
Improvement in AA digestibility was primarily driven by the 
AA supplemented; hence, both amino acids seem to have 
equal proteogenic value under the conditions of the current 
experiment. 

3 The effect of in ovo supplementation of varying 
concentrations of the amino acid Lysine in broiler 
chickens. Makayla M. Kahman*1, Olivia Guerin2, Toree 
Williams1, Zachary Williams3; 1Michigan State University, 
East Lansing, Michigan, United States; 2Michigan State 
University, East Lansing, Michigan, United 
States; 3Michigan State University, Animal Science, Holt, 
Michigan, United States. 

In ovo injections into broiler eggs have proven to be 
beneficial for overall health, hatchability, and performance of 
grown broiler chickens. Throughout this paper we will look at 
the effects of in ovo supplementation of lysine, one of the 
essential amino acids, in broiler chickens through 
hatchability, survivability, 10 day mortality rates, and overall 
weight gain throughout the experiment as well as compare 
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kidney and liver weights of the treatment group to the control 
group. Lysine is an essential amino acid that is often limited 
in the diets of broiler chickens. Lysine is an important factor 
when synthesizing proteins needed for metabolic processes 
within the body, such as carnitine which convert fatty acids 
into energy, promoting proper growth. By injecting varying 
Lysine concentrations into the embryo of broiler chickens via 
in ove injections the overall health and productivity of the 
broiler chicken will be enhanced. Throughout this study we 
used one control group that received no injection, one Low 
lysine concentration group, and one High lysine 
concentration group, with 6 eggs in each group. Injections 
were given on the 18th day of incubation. None of the low 
Lysine concentration eggs hatched, only 3 eggs hatched 
from the High Lysine concentration group, and all 6 of the 
control eggs hatched. After 10 days of the eggs hatching, 
weights were taken for each group of chicks including the 
control and high lysine groups, since none of the low lysine 
eggs hatched. After analysis, the only significant difference 
was found in hatchability. No significant differences were 
found between the treatment and control group regarding 
survivability, hatch weights,10 day weights, weight gain, or 
heart and liver weights. 

4 Influence of dietary arginine level on local and 
systemic inflammatory responses to lipopolysaccharide 
in broilers. Annalise Anderson*3, Chrysta N. Beck3, Jossie 
M. Santamaria3, Jason T. Lee1, Roshan Adhikari1, Samuel 
J. Rochell2, Gisela F. Erf3; 1CJ Bio America, Goliad, Texas, 
United States; 2Auburn University, Department of Poultry 
Science, Auburn, Alabama, United States; 3University of 
Arkansas, Division of Agriculture, Center of Excellence for 
Poultry Science, Fayetteville, Arkansas, United States. 

The objective of this study was to evaluate the effects of 
dietary arginine level on the local and systemic inflammatory 
responses of the broiler chicken innate immune system. A 
total of 280 male chicks from a Cobb 500 line were fed a 
common diet for 2 wk before being fed 1 of 5 target dietary 
digestible Arg:Lys ratios (77, 91, 105, 119, or 133) across 
grower (14 to 28 d) and finisher (28 to 42 d) phases. Birds 
were reared in battery cages and treatments were replicated 
by 14 cages of 4 birds. Growth performance was determined 
from 14 to 35 d, and immune parameters were evaluated 
over d 39-42 using a growing feather (GF) model. 
Specifically, the pulps of GF of broilers were intradermally 
(i.d.) injected with 10 μL phosphate buffered saline (PBS; 2 
birds/diet, 12 GF/bird) as a vehicle control or 10 μL of 
lipopolysaccharide (LPS; 6 birds/diet, 12 GF/bird; 1 μg 
LPS/GF) to stimulate an inflammatory response. Blood and 
GF were collected at 0 (before), 6, 24, and 48 h after GF 
injection. GF pulp cell suspensions and blood were analyzed 
for indicators of the local and systemic inflammatory 
response, respectively, including GF pulp leukocyte 
infiltration, blood cell profiles and plasma alpha-1-acid 
glycoprotein (AGP) concentration. Cell suspensions were 
immunofluorescently stained for cell population analysis by 
flow cytometry and plasma AGP levels determined by 
ELISA. Data were analyzed by a 3-way repeated measures 
ANOVA followed by a Tukey’s multiple comparison test, and 
linear and quadratic contrasts of Arg:Lys ratio were also 
performed. Statistical significance was determined at P ≤ 
0.05. Body weight, body weight gain, and feed conversion 
ratio all improved in either a linear or quadratic manner to 

increasing levels of digestible Arg, confirming that Arg was 
the limiting dietary nutrient for growth. There were main 
effects of time and LPS treatment, as well as time by LPS 
interactions for the immune parameters examined. The local 
(pulp) and systemic (blood) inflammatory response to i.d. 
injected LPS was dominated by increases in heterophils and 
a drop or no effect on lymphocyte populations. There was a 
linear increase in GF pulp heterophil:lymphocyte (H:L) ratios 
at 6 h post LPS injection, and a linear increase in blood H:L 
ratios at 6, 24, and 48 h post LPS injection with increasing 
levels of dietary Arg. These results suggest a supporting role 
of Arg in the recruitment and tissue infiltration of heterophils 
in this LPS-induced inflammatory response. Overall, the 
results of this study indicate that the GF model may be 
sensitive for detecting differences in the immune response 
of broilers fed different dietary treatments, and that Arg can 
influence these selected indicators of an inflammatory 
response. 

5 Dietary tryptophan impacted the performance 
and oocyst shedding of broiler chickens infected with a 
mixed coccidia challenge. Robert Hernandez*1, Kirk C. 
Klasing1, Yanhong Liu1; 1UC Davis, Animal Science, Davis, 
California, United States. 

Current dietary amino acid recommendations have been 
established to maximize the growth of healthy birds. 
However, several amino acids are functionally essential in 
regulating metabolic pathways involved in immunity. This 
study aimed to determine the effect of dietary tryptophan on 
performance and parasite shedding of broiler chickens 
undergoing a coccidia challenge. Three hundred two-day-
old Cobb 500 broiler chickens (54.29 ± 0.284 g body weight 
(BW)) were group housed (5 chickens/pen; 10 
pens/treatment) in battery brooders and had ad libitum 
access to a basal diet and water. At seven days of age, pens 
were randomly assigned to one of six levels of dietary 
tryptophan: 0.15%, 0.185%, 0.22%, 0.32%, 0.42%, or 0.52% 
of the total diet. Following a three-day adaptation period, 
chickens received an inoculum in the feed consisting 
of Eimeria (E.) acervulina (7.2 × 103), E. maxima (1.7 × 103), 
and E. tenella (2.8 × 103). Weight gain, feed intake, and feed 
conversion ratio were recorded at inoculation and at 5 and 
10 days post inoculation (DPI). On 5 and 10 DPI, feces were 
collected for oocyst enumeration by flow cytometry. The 
spleen and liver were collected and weighed from one 
chicken per pen. Data were analyzed by one-way ANOVA 
with a statistical model that included treatment as fixed effect 
and brooder as random effect. Orthogonal polynomial 
contrasts were used to evaluate the linear and quadratic 
effects of tryptophan on the dependent variables. Dietary 
tryptophan increased (linear and quadratic, P < 0.01) BW, 
average daily gain, feed intake, and average daily feed 
intake at inoculation and at 5 and 10 DPI. Increased 
tryptophan levels also resulted in a linear (P < 0.01) and 
quadratic (P < 0.01) reduction in feed conversion ratio during 
the entire experimental period. At 10 DPI, 0.52% tryptophan 
diet decreased (P < 0.02) feed conversion in comparison to 
the 0.15%, 0.32% and 0.42% treatments. Liver weight as a 
percent of BW tended (P < 0.1) to linearly increase at 5 DPI 
and quadratically increased (P = 0.005) at 10 DPI. Chickens 
in higher tryptophan diets also had more (linear and 
quadratic, P < 0.05) E. acervulina in feces at 5 and 10 DPI, 
and more (linear and quadratic, P < 0.05) E. tenella in feces 
at 5 DPI. E. maxima was undetectable in feces at 5 DPI and 
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did not differ at 10 DPI among all treatments. The present 
results suggest that dietary tryptophan impacts oocyst 
shedding and that a high concentration of dietary tryptophan 
may improve feed conversion. Further investigation is 
required to elucidate tryptophan’s impact on inflammation at 
the intestines. 

6 Titration of dietary histidine during a 22 to 42 d 
feeding phase in female Cobb 500 broilers previously 
fed diets varying in histidine from 0 to 21 d. Kenneth B. 
Nelson*1, Savannah Wells Crafton2, MATHEUS F. COSTA1, 
Shivaram Rao5, Craig W. Maynard3, Garrett Mullenix4, 
Michael T. Kidd1; 1University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 2University of 
Arkansas, Poultry Science, Paragould , Arkansas, United 
States; 3Bell and Evans, Fredericksburg, Pennsylvania, 
United States; 4University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 5Cobb-Vantress, Inc., 
Siloam Springs, Arkansas, United States. 

As researchers continue to advance reduced CP diets in 
broiler nutrition, essential amino acids traditionally 
considered to be supplied at adequate levels in practical 
diets may become limiting, requiring up to date requirement 
estimates. Thus, the objectives of this study were to evaluate 
female broiler growth performance and carcass 
characteristic responsiveness to increasing digestible 
His:Lys ratios during a 22 to 42 d feeding period and 
determine if His:Lys ratios in preceding feeds influence the 
former responses. Six hundred and seventy-two female 
Cobb 500 broiler chicks were placed into 56 floor pens 
measuring 0.91 × 1.22 m (0.09 m2/bird) with new pine 
shavings and reared in a solid-walled, tunnel ventilated 
growout facility where access to feed and water were 
provided ad libitum throughout the experiment. Diets offered 
from 0 to 21 d (1.24% digestible Lys, 21.0% CP, 3,040 
kcal/kg) were formulated to contain His:Lys ratios of 0.33 or 
0.38 and diets offered from 22 to 42 d (1.10% digestible Lys, 
17.8% CP, and 3,100 kcal/kg) were formulated to contain 
His:Lys ratios of 0.28, 0.33, 0.38, or 0.43, which gave rise to 
a 2 × 4 factorial arrangement of treatments (7 replicates 
each). The common basal diets for each phase were 
batched with appropriate concentrations of an inert filler and 
L-His to achieve the targeted His:Lys ratios. All other 
nutrients were formulated to meet or exceed primary breeder 
recommendations. Pen was considered the experimental 
unit and treatments were assigned to pens in a randomized 
complete block design with pen location as the blocking 
factor. Pen bird and feed weights were recorded at 0, 21, 
and 42 d to calculate BW gain, feed intake, and feed 
conversion ratio. Additionally, 6 birds per pen were randomly 
selected at 43 d for processing to measure fat pad and 
chilled parts yields. All data were subjected to a two-way 
ANOVA and regression analyses using JMP Pro 16.2 with 
significance established as P ≤ 0.05. As no interactions (P > 
0.05) were observed between the His:Lys ratios in the 2 
periods, data pertaining to the main effect of His:Lys in the 
latter phase were evaluated for linear and quadratic 
responses. Increasing His:Lys ratios in the 22 to 42 d period 
resulted in BW gain and breast filet yield quadratic 
responses with asymptotes of 0.3708 and 0.3711 His:Lys, 
respectively. Based on these results, the estimated optimal 
His:Lys ratio (95% of the asymptote) for female Cobb 500 

broilers from 22 to 42 d was 0.35. Additionally, it appears 
that His:Lys ratios between 0.33 and 0.38 fed from 0 to 21 d 
do not influence later responses to His:Lys ratios. 

7 Effects of dietary amino acid density on energy 
and nitrogen partitioning in broilers reared under 
thermoneutral, heat stress, and pair-feeding 
conditions. Jean-Rémi Teyssier*1, Pierre Cozannet2, Sami 
Dridi1, Samuel J. Rochell3; 1University of Arkansas System 
Division of Agriculture, Center of Excellence for Poultry 
Science, Fayetteville, Arkansas, United States; 2Adisseo 
France SAS, Center of Expertise and Research in Nutrition, 
Commentry, France; 3Auburn University, Department of 
Poultry Science, Auburn, Alabama, United States. 

Poultry have limited capacity to dissipate heat, making them 
highly sensitive to hot temperatures. Heat stressed (HS) 
broilers decrease feed intake and alter their metabolism to 
reduce heat production. This study evaluated the effect of 
increasing dietary amino acids (AA) in the unbound form on 
energy (E) and N partitioning under different environmental 
conditions. Cobb male chicks (n=1,536) were allocated into 
8 houses, each divided into 16 pens with 12 birds per pen. 
Birds were reared under thermoneutral (TN) temperatures 
until 20 d post-hatch and were subjected to experimental 
environments from 20 to 42 d. Four houses were set to a TN 
temperature of 24°C, while the remaining 4 houses were set 
to 35°C to induce chronic HS. Four isocaloric and 
isonitrogenous diets were formulated with 100% of 
recommended AA levels (CTL), or 135% of recommended 
levels of either all 10 essential AA (AA+), Met, Arg, Thr 
(MRT), or Met, Arg, Thr, Ile, Val (MRTIV) and were 
distributed to 4 pens per house. In each TN house, birds 
from 2 pens per diet were pair-fed (PF) to equalize their FI 
to that of HS birds and 2 pens per diet were fed ad-libitum 
(AL). This resulted in a split-plot design of 3 environments 
(whole-plot factor) × 4 diets (sub-plot) for a total of 12 
treatments. Data were analyzed by ANOVA followed by 
Tukey’s means separation. On d 41, ileal digesta (pooled 
from 5 birds/pen) were collected from 8 pens per treatment 
for determination of N and E apparent ileal digestibility. 
Comparative slaughter technique was performed on 24 birds 
on d 20 and 8 birds per treatment on d 42 for determination 
of N and E retention, with data expressed on a metabolic 
body weight basis. Compared to PF birds, HS increased (P 
< 0.05) N and E intake with intermediate values for AL-fed 
birds. Energy retention was increased (P < 0.05) in HS birds 
compared to PF birds due to a higher (P < 0.05) fat retention, 
but N retention of HS birds was reduced (P < 0.05) compared 
to TN birds. Regarding the dietary treatments, the CTL diet 
had the highest E efficiency and E retention (P < 0.05), and 
the lowest N excretion (P < 0.05) among all groups, while the 
AA+ diet had the lowest (P < 0.05) fat retention. Interestingly, 
the digestible N efficiency tended to be reduced with the AA+ 
diet compared with the CTL diet under HS conditions, while 
it was increased under PF conditions (diet × environment: P 
= 0.053). Overall, these data indicate that HS alters protein 
and fat metabolism in broilers and that the increased dietary 
AA concentrations evaluated in this study did not improve N 
or E utilization. Further research is required to explore 
nutritional strategies that can mitigate the metabolic shift of 
proteins toward fat deposition in HS broilers. 
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Student Competition: Metabolism and Nutrition: Vitamins and Minerals

8 Validation of quantitative computed tomography 
to estimate bone ash and effects of autoclaving on bone 
ash in young broiler chickens. Jung Yeol Sung*1, Brittney 
J. Emmert1, Cara Robison2, Darrin M. Karcher1, Olayiwola 
Adeola1; 1Purdue University, West Lafayette, Indiana, 
United States; 2Michigan State University, East Lansing, 
Michigan, United States. 

Broiler chickens have been selectively bred to achieve rapid 
growth and increased breast mass, which have increased 
the prevalence of skeletal disorders. As a result, there has 
been extensive research on the bone mineralization of 
femurs and tibias in broiler chickens. However, conducting 
longitudinal studies on bone mineralization without 
euthanizing birds presents a significant challenge. 
Moreover, traditional methods for analyzing bone ash in 
euthanized birds require manual cleaning or immersion in 
boiling water to remove tissue attached to the bones, which 
is labor-intensive. For these reasons, the objectives of this 
study were to determine 1) if clinical quantitative computed 
tomography (QCT) can accurately estimate bone mineral 
content (BMC) and, 2) if autoclaving to clean bones changes 
bone ash of femur and tibia in young broiler chickens 
compared to manual cleaning. A total of 576 male broiler 
chickens (Initial weight = 190 g) at d 8 post hatching were 
allotted to the 6 experimental diets in a randomized complete 
block design. The 6 diets include a phosphorus-deficient 
basal diet based on corn and soybean meal, basal diet plus 
4.5 or 9.0 g/kg of monosodium phosphate, and basal diet 
plus 500, 1,000, or 2,000 FYT/kg of exogenous phytase. On 
d 11 post hatching, 7 birds from each cage were euthanized 
and the remaining 5 birds were euthanized on d 18. The 
whole left and right legs were collected from the bird with 
median weight from each cage on d 11 and 18. In Exp. 1, 
two bone traits (digital BMC or bone ash) were measured to 
estimate bone mineralization. The digital BMC of femur and 
tibia in the collected left whole legs was estimated using a 
QCT scan. Subsequently, the tissues attached to the left 
legs were manually removed using a scalpel, and bone ash 
of femur and tibia was analyzed. In Exp. 2, two methods (use 
of scalpel or autoclaving to remove tissues) of bone cleaning 
were investigated. Tissue removal for the collected left and 
right whole legs was by use of scalpel or autoclaving at 
100°C for 1 min, respectively. and subsequently, femur and 
tibia were analyzed for bone ash. No interaction was 
observed between dietary differences and bone trait (Exp. 1) 
or bone cleaning method (Exp. 2). In Exp. 1, there was no 
statistical difference in femur and tibia at d 11 and 18 
between digital BMC and bone ash. In Exp. 2, bone ash of 
autoclaved femur and tibia was significantly different (P < 
0.05) from that of hand-cleaned bones at d 11 and 18. In 
conclusion, the QCT may accurately estimate bone ash in 
young broiler chickens regardless of the degree of bone 
mineralization. Furthermore, autoclaving at 100°C for 1 
minute should not be used to remove tissues attached to 
bones as it may alter bone ash. 

9 Non-phytate phosphorous requirements of egg 
laying pullets from 3 to 6 weeks of age and carryover 
effects of phosphorous deficiency at 12 and 18 weeks of 
age. Alyssa Lyons*1, Nathaniel Barrett1, Mike Persia1; 
1Virginia Tech, Blacksburg, Virginia, United States. 

An experiment was conducted to determine the non-phytate 
phosphorous (nPP) requirement of 3–6-week-old laying hen 
pullets using body weight gain (BWG), mortality corrected 
feed conversion ratio (FCRm), tibia ash percent (TAP) and 
tibia ash weight (TAW). The same response criteria were 
used to determine potential carryover effects of early 
phosphorous deficiency at 9, 12, and 18 weeks of age. A 
total of 1,008 Lohman LSL-Lite 3-week-old laying hen pullets 
were distributed across 42 cages and randomly assigned 
one of seven dietary treatments (0.15, 0.22, 0.29, 0.36, 0.43, 
0.49, and 0.56% nPP; all diets containing 1.00% calcium) 
within blocks. There were six replicate cages of 24 pullets. 
After 6 wk of age, all pullets remained in their respective 
treatment groups but were phase-fed common corn-
soybean meal diets from 6-18 wk of age that were 
formulated to be isocaloric and isonitrogenous and 
contained 1.00 and 0.45, 0.90 and 0.37, and 2.50 and 0.45 
Ca and nPP for grower, developer, and pre-lay diets, 
respectively. Body weight and FCRm were calculated every 
3 wk. At 6, 12, and 18 wk of age, 6, 2, and 2 pullets per pen, 
respectively, were euthanized for tibia ash determination. 
Data were analyzed using JMP Pro 16.0 and means were 
separated using Student’s t-test (P ≤ 0.05). Regression 
analysis was analyzed using the nonlinear model option with 
formulated nPP concentration as the independent variable 
and BWG, FCRm, TAP, and TAW as the response variables. 
The nPP requirement was 0.20% nPP for BWG, 0.24% nPP 
for FCRm, 0.21% nPP for TAW, and 0.29% nPP for TAP 
using linear broken line regression. Requirements for nPP 
using quadratic broken line were 0.28% nPP for BWG, 
0.30% nPP for FCRm, 0.22% nPP for TAW, and 0.27% nPP 
for TAP. Pullets fed low concentrations of dietary nPP from 
3-6 weeks had reduced BW (P = 0.02) and TAW (P ≤ 0.01) 
at 6 wk of age. There were no differences in any of the 
measured parameters starting at 9 weeks of age (P > 0.05), 
including 18 wk BW of 1.267 kg/bird (1.248 to 1.294 kg/bird), 
FCRm from 3-18 wk of 4.956 kg/kg (4.786 to 5.142 kg/kg), 
18 wk TAP of 56.3% (55.8 to 56.5%), and 18 wk TAW of 
2,228 mg/tibia (2,149 to 2,285 mg/tibia). These data indicate 
that the nPP requirement for pullets from 3-6 wks of age is 
0.20% to maximize growth and 0.29% to maximize bone 
ash. There were no carryover effects of feeding low 
phosphorous diets (0.15% nPP) to pullets in the starter 2 
phase when they were fed a diet with adequate nPP from 6-
18 wks. 

10 Determination of phytic acid disappearance, ileal 
P digestibility at different dietary Ca levels, and relative 
P bioavailability in soybean meal, canola meal, distillers 
dried grains with solubles, corn fermented protein, and 
wheat middlings. Benjamin Parsons*1, Samuel J. 
Rochell2; 1University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 2Auburn University, 
Poultry Science, Auburn, Alabama, United States. 

Phytic acid disappearance, apparent ileal digestibility (AID) 
of P at different Ca levels, and relative P bioavailability were 
evaluated. In Experiment 1, phytic acid disappearance (myo-
inositol 1,2,3,4,5,6-hexakis; InsP6D) and phytate P 
disappearance (InsP-PD) were determined using precision-
fed cecectomized Leghorn roosters. Roosters were fasted 
for 26 h prior to crop intubation with 20 to 25 g of soybean 
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meal (SBM), canola meal (CM), distillers dried grains with 
solubles (DDGS), corn fermented protein (CFP), and wheat 
middlings (WM). Excreta were quantitatively collected for 48 
h. In Experiment 2, InsP6D, InsP-PD, and AID of P at 
different Ca levels were determined using ad libitum-fed 
broiler chickens that were fasted overnight and fed 
experimental diets from 18 to 21 d-of-age. Semi-purified 
cornstarch-dextrose diets containing SBM, CM, DDGS, 
CFP, and WM as the sole source of P were fed. All diets 
contained 0.21% total P and limestone was added at the 
expense of dextrose to provide 0.30, 0.45, 0.60, and 0.75% 
dietary Ca. In Experiment 3, P bioavailability in feedstuffs 
relative to KH2PO4 was determined based on tibia bone ash. 
Chicks were fasted overnight and fed experimental diets 
from 7 to 19 d-of-age. Treatments were P-deficient corn-
SBM diets (0.18% non-phytate P) supplemented with 0.05 
and 0.10% P from KH2PO4, 12.5 and 25% SBM or CM, 7 
and 14% DDGS or CFP, and 9 and 18% WM. Experiments 
contained 5 to 6 replicates (individual rooster or pen of 5 
chicks) per treatment. Data from Experiment 1 were 
analyzed using a 1-way ANOVA, data from Experiment 2 
were analyzed using a 2-way ANOVA with feedstuff and 
dietary Ca level as main effects, and data from Experiment 
3 were analyzed using multiple linear regression analysis; 
effects were considered significant at P < 0.05. In 
Experiment 1 with precision-fed roosters, InsP6D and InsP-
PD ranged from 8 to 71% among feedstuffs, with the lowest 
(P < 0.05) disappearance being observed in SBM. In 
Experiment 2 with ad libitum-fed chicks, there was a Ca × 
ingredient interaction (P < 0.05) whereby increasing Ca 
linearly decreased (P < 0.05) InsP6D, InsP-PD, and AID of P 
for all feedstuffs, excluding CFP. For example, AID of P in 
diets containing 0.3 and 0.75% Ca were 70 and 44% for 
SBM and 74 and 71% for CFP, respectively. In Experiment 
3, regression of bone ash content (mg/tibia) on supplemental 
P intake yielded P bioavailability values ranging from 30 to 
81% among feedstuffs relative to KH2PO4, with the highest 
(P < 0.05) bioavailability being observed for DDGS and CFP. 
In conclusion, P in DDGS and CFP was highly available 
among all assays compared with other feedstuffs and 
increasing dietary Ca linearly decreased P utilization from all 
ingredients except CFP. 

11 Regression-derived phosphorus digestibility 
responses of broiler chickens to different sources and 
levels of dietary protein. Vítor Santos Haetinger*1, 
Olayiwola Adeola1; 1Purdue University, Department of 
Animal Sciences, West Lafayette, Indiana, United States. 

A study was conducted to evaluate the regression-derived P 
digestibility in soybean meal (SBM) using different basal diet 
types that varied protein sources. The experiment consisted 
of a 4 × 3 factorial arrangement, where semi-purified diets of 
4 types were formulated that varied on the source of protein 
(SBM only, or added casein, isolated potato protein or dried 
egg albumen at 60 g/kg) and 3 dietary levels of SBM (290, 
370, or 450 g/kg). The study consisted of 8 replicate cages 
with 6 birds per cage in a randomized complete block design. 
Chromic oxide was added as an indigestible index marker to 
determine the apparent ileal digestibility (AID) and apparent 
total tract utilization (ATTU) of nutrients. Birds were fed 
experimental diets from d 19 to 22 post hatching, with 
excreta collection from d 20 to 22 and ileal digesta collection 
on d 22. Data were analyzed as a two-way ANOVA using the 
GLM procedure. Diet type significantly (P < 0.001) affected 

the AID of dry matter (DM), P, Ca, N, and the ATTU (P < 
0.05) of DM, P, and Ca. Diets with added casein presented 
the highest (P < 0.05) AID of P, Ca, and N, ATTU of P and 
Ca, and intake of digestible and utilizable P. Increasing the 
inclusion level of SBM linearly increased (P < 0.05) the 
digestible and utilizable P intake in all diet types. The ileal 
digestibility and the ATTU of DM decreased linearly (P < 
0.001) with increasing inclusion levels of soybean meal in all 
diet types. The regression coefficients for the ileal 
digestibility of P in SBM were affected (P < 0.001) by protein 
source. The estimated ileal digestibility of P in SBM was 
56.9, 62.6, 59.1, and 36.4% for diets without protein 
supplements, with casein, isolated potato protein, or dried 
egg albumen, respectively. The respective ATTU of P in 
SBM were 51.7, 82.6, 42.7, and 52.2%. Diet type affected 
(P < 0.05) the slope and intercept of AID of SBM, and a trend 
was noted for the slope of ATTU of P (P = 0.079). A 
comparison of the coefficients using the respective standard 
errors demonstrated that the ileal digestibility of P in SBM 
determined in diets with dried egg albumen was lower (P < 
0.05) than the other protein sources, which are not different 
from one another. In conclusion, the selection of protein 
sources impacted the determination of P digestibility in 
soybean meal using the regression method. 

12 Digestibility of dietary calcium and phosphorous 
in young and growing broilers supplemented with 1α-
hydroxycholecalciferol in combination with 
phytase. Gerhardus J. Claassen*1, Kyle M. Venter3,2, 
Rosalina Angel4, Christine Jansen van Rensburg1, Peter W. 
Plumstead3,2, Andres F. Villa Lenis5, Bibiana Jaramillo-
H5,6; 1University of Pretoria, Animal and Wildlife sciences, 
Pretoria, Gauteng, South Africa; 2Chemunique PTY Ltd, 
Lanseria, Gauteng, South Africa; 3Neuro Livestock 
Research, Brits, Kameeldrit, South Africa; 4University Of 
Maryland, Animal and Avian Sciences, College Park, 
Maryland, United States; 5Iluma Alliance, Durham, North 
Carolina, United States; 6University of Illinois, Champaign, 
Illinois, United States. 

The compound 1α-hydroxycholecalciferol (1α-OH-D3) is a 
synthetic cholecalciferol derivative that is rapidly 
hydroxylated into 1α,25-dihydroxycholecalciferol, the 
biologically active form of cholecalciferol. 1α,25-
Dihydroxycholecalciferol plays a critical role in the regulation 
of several genes involved in Ca and P absorption. The 
objective of this study was to establish the effects of 1α-OH-
D3 supplementation in combination with phytase on the 
apparent ileal digestibility (AID) of Ca and P, in broilers. The 
determination of AID Ca and P was conducted at two age 
groups, d 10 and 23, respectively. The trial design was a 3 
× 3 factorial, with three 1α-OH-D3 doses (0, 2.5 and 5 µg/kg) 
and three phytase doses (0, 500 and 1000 FTU/kg). Final 
diets were prepared by adding 1α-OH-D3 and/or a 6-phytase 
(A novel consensus bacterial 6-phytase variant., expressed 
in Trichoderma reesei) to a typical corn, soy based basal diet 
that was mixed for the two respective experimental periods, 
d 10 (0.58 % Ca, 0.35% tP), and d 23 (0.43 % Ca, 0.33% 
tP). The basal diet contained titanium dioxide as an inert 
marker to determine digestibility. Each treatment was 
replicated 11 times for both d 10 and d 23 with 8 
birds/replicate and 6 birds/replicate, respectively. 
Experimental diets were fed for 36 h prior to sampling, 
whereafter ileal digesta was collected by gently flushing with 
double distilled water. The samples were then frozen, 
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freeze-dried and ground prior to analysis. All ileal and feed 
samples were analysed in duplicate for titanium, dry matter, 
Ca, and P. The data were analysed using a full factorial 
using the JMP 16.1 Pro statistical package with block 
included as a random effect and means separated using a 
protected Tukey HSD test at P<0.05. Supplementation of 
broiler diets with 1α-OH-D3 from 0 to 5 µg/kg improved 
(P<0.05) AID Ca in a stepwise manor on d 10 from 43.5 to 
53.3% and AID P from 39.1 to 47.1%. Phytase inclusion on 
d 10 improved (P<0.05) AID Ca from 40.4 to 56.5% at 0 and 
1000 FTU/kg, respectively. AID P was also improved 
(P<0.05) when diets with phytase were fed on d 10, 
improving from 24.7 to 58.1% at 0 and 1000 FTU/kg, 
respectively. Similar results were observed on d 23 where 
the supplementation of diets with 1α-OH-D3 improved 
(P<0.05) AID Ca from 64.0 to 72.6% at 0 and 5 µg/kg and 
AID P from 61.8 to 69.4% at 0 and 5 µg/kg, respectively. 
Similar results were noted when diets were supplemented 
with phytase were fed on d 23, where AID Ca increased from 
57.5 to 77.7% and AID P from 45.3 to 81.9% at 0 and 1000 
FTU/kg, respectively. These results indicate that 1α-OH-
D3 was effective in improving the AID Ca and P in broilers in 
the presence and absence of phytase. 

13 Phosphorus and calcium utilization and related 
impacts on bone characteristics in response to dietary 
calcium-to-phosphorus ratios and phytase. Opeadura T. 
Osunbami*1, Olayiwola Adeola1; 1Purdue University, Animal 
Sciences, West Lafayette, Indiana, United States. 

Calcium is the mineral with the most significant influence on 
phytate-P availability due to the formation of phytate-metal 
chelates. A study was designed to examine the interactive 
effects of graded increment in total Ca: total P and phytase 
on the apparent ileal digestibility and apparent total tract 
retention (AID and ATTR) of P and Ca, and the standardized 
values (SID and STTR of P) in a diet containing soybean 
meal as the sole source of P. A total of 368 one-day-old male 
broiler chickens were used in a trial with experimental diets 
fed for 72 hours from d 18 to 21 post hatching. Six semi-
purified diets were prepared in a 2 × 3 factorial treatment 
arrangement with 2 levels of phytase (0 or 1000 FYT/kg of 
diet) and 3 levels of total Ca: total P (1.1, 2.0, or 2.8). A P-
free diet (PFD) was also formulated to determine the basal 
ileal endogenous loss (BEL) of P. There were 8 replicate 
cages for all diets, with 6 birds per cage for the 6 test diets 
and 8 birds per cage for the PFD. The respective ileal and 
total tract BEL were 232 and 392 mg/kg dry matter intake. 
Increasing total Ca: total P linearly decreased the AID and 
ATTR of P, coupled with a corresponding linear decrease 
(P < 0.05) in Ca utilization (AID and ATTR). Phytase 
supplementation improved (P < 0.05) the AID of P, along 
with a simultaneous improvement (P < 0.05) in the AID and 
ATTR of Ca. Increasing the total Ca: total P linearly 
decreased (P < 0.05) the SID of P from 54 to 40%, whereas 
the supplementation of phytase improved (P < 0.05) the SID 
of P from 26 to 67%. Similarly, the STTR of P was linearly 
decreased (P < 0.05) from 68 to 61% as the total Ca: total P 
widened, whereas the supplementation of phytase improved 
(P < 0.05) the STTR of P from 43 to 85%. The 
supplementation of phytase increased the bone-breaking 
strength, whereas tibia ash was decreased (P < 0.05). The 
results demonstrate the adverse effect of increasing Ca 

concentration on the utilization of P and Ca, which may be 
related to the chelation of phytate and Ca. Also, the results 
further emphasized the efficacy of phytase in improving the 
utilization of other essential minerals such as Ca. 

14 Enrichments, nutritional efficacy, and biosafety 
of three bioactive nutrients in egg yolks of hens. Keith 
Ou*1, Andrew Magnuson1,2, Ziqiao Sun1, Sahil Kalia1, Tao 
Sun1, Xin Gen Lei1; 1Cornell University, Department of 
Animal Science, Ithaca, New York, United States; 2The 
University of Vermont, Department of Animal and Veterinary 
Sciences, Burlington, Vermont, United States. 

Docosahexaenoic acid (DHA), 25-hydroxyvitamin D3 (25-OH 
D3), and astaxanthin (AST) are three bioactive nutrients that 
may reduce risks of chronic diseases in humans. We 
performed two experiments to: 1) enrich eggs with DHA 
alone and in combination with 25-OH D3 and (or) AST as a 
novel, healthful food, and 2) determine dietary efficacy and 
biosafety of feeding such enriched egg yolks in mice. In Expt. 
1, 50 Shaver-White laying hens were individually housed in 
battery cages and fed a corn-soybean meal basal diet (BD), 
BD + 0.8% microalgal DHA oil (44.5% DHA; ADM, Chicago, 
IL), BD + 0.8% DHA oil + 200 µg/kg 25-OH D3 (DSM, 
Heerlen, Netherlands), BD + 0.8% DHA oil + 0.16 mg/kg 
AST (Heliae Development LLC, Gilbert, AZ), or BD + 0.8% 
DHA oil + 200 µg/kg 25-OH D3 + 0.16 mg/kg AST for 6 
weeks (n = 10). Hen health and production status, fatty acid 
profiles, and 25-OH D3 and AST levels in eggs, plasma, and 
tissues were determined. In Expt. 2, 80 mice were divided 
into two sub-trials and fed a sucrose-yeast diet 
supplemented with BD yolk or one of the 4 enriched yolks 
from Expt. 1 at recommended (0.81%) or high dose (4.05%) 
for 6 weeks (n = 8). Concentrations of fatty acids, 25-OH D3, 
AST, and lipids in plasma and liver were determined. Data 
within each experiment were analyzed by one-way ANOVA 
followed by Duncan’s multiple range test. In Expt. 1, body 
weights and egg productions of the hens were not affected 
by the treatments. Feeding hens BD + DHA resulted in 16 
mg DHA/g of dried yolk, while the additional AST but not 25-
OH D3 decreased (P < 0.05) the yolk DHA enrichment by 
13%. Feeding hens BD + DHA + 25-OH D3 and BD + DHA 
+ 25-OH D3 + AST, compared with the other 3 diets, 
increased (P < 0.001) contents of 25-OH D3 in the yolks (up 
to 160 ng/g yolk). Similarly, feeding hens BD + DHA + AST 
and BD + DHA + 25-OH D3 + AST resulted in AST 
enrichments of up to 5.5 µg/g yolk compared with non-
detectable levels in the other 3 diets. In Expt. 2, feeding mice 
the enriched yolks at both recommended and high doses did 
not impact their body weights or plasma glucose nor 
triacylglycerol concentrations compared with the control 
yolks as biosafety measurements. For DHA enrichment 
efficacy, feeding mice the enriched yolks at the 
recommended level elevated hepatic DHA concentrations by 
61% compared with BD (P < 0.001). In conclusion, three 
bioactive nutrients: DHA, 25-OH D3, and AST were enriched 
in the egg yolks to nutritionally relevant levels for human 
consumption. Feeding mice such egg yolks increased 
hepatic DHA concentrations. [Supported by DOE (DE-
EE0007091), USDA (2019-69012-29905), and Cornell 
University (Hatch grants NYC-127419 and NYC-127302)] 
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Student Competition: Metabolism and Nutrition: Enzymes

15 Wheat bran particle size influenced ileal nutrient 
digestibility in broiler chickens receiving corn-soybean 
meal-based diets supplemented or not with a 
stimbiotic. Shravani Veluri*1, Mike Bedford2, Gemma 
Gonzalez Ortiz2, Oluyinka Olukosi3; 1University of Georgia, 
Poultry Science, Athens, Georgia, United States; 2AB Vista, 
R&D, Marlborough, Wiltshire, United Kingdom; 3University 
of Georgia, Poultry Science, Athens, Georgia, United States. 

Wheat bran (WB) at moderate inclusion levels in broiler diets 
has been shown to improve the growth performance of 
broiler chickens. Wheat bran stimulates gastrointestinal tract 
development when presented as coarse particles, whereas 
very fine particles can enter the ceca and undergo 
fermentation there. Stimbiotic (STB) supplementation 
(Signis, AB Vista) enhances fiber utilization by increasing 
fiber fermentation in the ceca. We hypothesize that STB 
supplementation to fine WB (FWB) compared to coarse WB 
(CWB) would stimulate fiber fermentation in the ceca, and 
the beneficial effects of fiber fermentation end products will 
be reflected in nutrient utilization and jejunal 
histomorphology differences of the broiler chickens. This 
study examined the effect of WB particle size and STB 
supplementation on broilers' ileal nutrient digestibility (IND) 
and jejunal histomorphology. Six treatments were arranged 
in a 32 factorial; the factors were WB inclusion (no WB, 50 
g/kg CWB, or 50 g/kg FWB) and STB supplementation (0 or 
100 g/ton of feed). All the diets had phytase at 0.1g/kg of 
diet. The geometric mean diameters were 1044 µm and 460 
µm for CWB and FWB, respectively. The starch, NDF, and 
ADF for the WB were 393, 250, and 123 g/kg, respectively. 
A total of 720 male Cobb 500 broiler chicks were allocated 
to the 6 treatments with 8 replicates and 15 birds/replicate. 
Diets were fed in mash form during the starter (d0-10) and 
in pellet form during the grower (d10-28) and finisher (d28-
42) phases. Ileal digesta and tissue from the mid-section of 
the jejunum were collected on d 18 and 42 to determine IND 
and jejunal histomorphology, respectively. Data were 
statistically analyzed as a 32 factorial using mixed model of 
JMP. There were no treatment effects for dry matter 
digestibility (DMD) on d 18. There was a significant main 
effect of WB on N digestibility (ND) and ileal digestible 
energy (IDE) on d 18, where FWB inclusion increased ND 
and IDE compared to CWB or diets without WB in young 
birds. There were no treatment effects for DMD and ND at 
d42. There was a significant main effect of STB, where STB 
increased (P < 0.05) IDE at d 42 compared to diets without 
STB. On d 18, there was a significant main effect of STB and 
WB (P ≤ 0.05) on villi height (VH), while STB increased VH 
compared to diets without STB. Fine WB supplementation 
increased (P < 0.05) VH compared to CWB or the diet 
without WB. There were no treatment effects on crypt depth 
(CD) or VH/CD on d 18 and for VH, CD, and VH/CD on d 42. 
In conclusion, 50 g/kg inclusion of the fine WB in the diet 
enhanced nutrient utilization and gut morphology. This effect 
partly explains the improved FCR we previously reported for 
broilers receiving these diets. 

16 Dose response of xylanase enzyme on viscosity, 
digestibility of nutrients, and performance of broiler 
chickens fed wheat-based diets. Jose I. Vargas*1, Joseph 
P. Gulizia1, Jose R. Hernandez1, Cristina T. Simões1, Eva 

Guadalupe Guzman1, Susan M. Bonilla1, Jason T. Lee3, 
Roshan Adhikari2, Wilmer J. Pacheco1; 1Auburn University, 
Department of Poultry Science, Auburn, Alabama, United 
States; 2CJ Bio America, Downers Grove, Illinois, United 
States; 3CJ Bio America, Goliad, Texas, United States. 

This experiment investigated the dose-response effect of 
novel exogenous xylanase on performance, ileal digesta 
viscosity, and nutrient digestibility of broilers fed wheat-
based mash diets from 1 to 42 d of age. A total of 1,500-day 
old YPM × Ross 708 male broilers were sorted in 50 floor 
pens and assigned to 5 treatments with 10 replicates per 
treatment. For each feeding phase, a positive control (PC) 
was formulated to meet or exceed nutrient requirements of 
broilers, a negative control (NC) was formulated to contain 
100 kcal/kg less metabolizable energy than the PC, and 
three additional treatments were created by the inclusion of 
xylanase to the NC at 1,200 (NC + 1,200), 2,400 (NC + 
2,400) and 4,800 (NC + 4,800) U/kg. Feed intake, body 
weight (BW), and feed conversion ratio (FCR) corrected for 
mortality were determined at 14, 28, and 42 d of age. Ileal 
digesta was collected from 7 birds per pen on day 28 to 
analyze viscosity and nutrient digestibility. Data were 
analyzed as a randomized complete block design as a one-
way ANOVA using JMP PRO 15 and means were separated 
by Tukey’s HSD test with statistical significance considered 
at P ≤ 0.05. Broilers exhibited gradual improvements in 
growth performance when incremental levels of xylanase 
were included in the NC up to the highest dose throughout 
the experiment. Broilers fed the NC + 4,800 U/kg had a 
higher (P ≤ 0.05) BW (1,323 g) and lower (P ≤ 0.05) FCR 
(1.459 g:g) than broilers fed the NC (1,272 g and 1.498 g:g) 
at 28 d of age, and a comparable performance for the same 
parameters (P > 0.05) than broilers fed the PC (1,327 g and 
1.471 g:g). Upon completion of the experiment at 42 d of 
age, broilers fed diets with xylanase at all doses had a lower 
(P ≤ 0.05) FCR in comparison to broilers fed the NC, and a 
comparable FCR (P > 0.05) than broilers fed the PC. Broilers 
fed diets supplemented with xylanase regardless of the 
level, exhibited lower (P ≤ 0.05) ileal digesta viscosity in 
comparison to broilers fed the NC without xylanase 
supplementation and PC. In addition, broilers fed the 2,400 
U/kg treatment exhibited a higher (P ≤ 0.05) crude protein 
(CP) (76.10 %) and total amino acid (AA) (83.04 %) 
digestibility compared to broilers fed the NC (69.63 and 
80.06%) at 28 d of age. Although not statistically significant 
(P > 0.05), 111 and 95 kcal/kg improvements were observed 
for apparent ileal digestible energy with the inclusion of 2400 
and 4800 U/kg of xylanase, respectively, compared to the 
NC. Overall, supplementation of mash wheat-based diets 
with incremental doses of xylanase improved broiler 
performance and reduced digesta viscosity. In addition, the 
supplementation of 2,400 U/kg of xylanase improved ileal 
CP, energy, and AA digestibility. 

17 Efficacy of novel serine protease (PRO) 
inclusions supplemented in combination with phytase 
in reduced nutrient diets on broiler performance, 
processing, and amino acid (AA) digestibility. Caleb M. 
Marshall*1, Shelby P. Corray2, Kelley G. 
Wamsley1; 1Mississippi State University, Department of 
Poultry Science, Mississippi State, Mississippi, United 
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States; 2DSM Nutritional Products, Parsippany, New Jersey, 
United States. 

Advances in enzyme technology, feed ingredient cost 
fluctuations, and continued interest in sustainable poultry 
production has helped mono-component protease (PRO) 
become more widely available. However, there is limited 
data concerning their efficacy in corn/soybean diets, 
especially with other widely used commercial enzymes for 
poultry feed (i.e., phytase). The current objective was to 
evaluate three different inclusions (25, 50, and 66ppm) of a 
novel serine PRO product (ProAct 360® DSM) 
supplemented to reduced amino acid (AA) diets on 
performance, processing, and apparent ileal digestibility 
coefficients (AIDC) of Ross x YP 708 male broilers. A total 
of 1040 birds were distributed to 65 floor pens (0.07m2/bird) 
and fed 1 of 5 treatments (Trt) with 13 replicates/Trt (16 
birds/pen). A positive control (PC) corn/soybean meal-based 
diet was formulated with reduced digestible Lys (dLys; 5%) 
and AME (50 kcal/kg) vs. breeder recommendations, 
additionally, phytase was included to liberate 0.12% aP and 
0.14% Ca. A negative control (NC) diet (similar to PC, less 
10% dLys) was also created, with PRO inclusions to NC 
basal diet added at the expense of corn. At 14, 21, 28, and 
42 d, feed and birds were weighed; at d 21 and 42, one 
bird/pen was used for AID. Data were analyzed as a 
randomized complete block design utilizing JMP 16. At each 
phase, PC birds had higher BW and BWG vs. NC birds, with 
NC+PRO birds similar to PC birds (P<0.05). Feed intake 
increased in earlier phases for NC+PRO vs PC birds 
(P<0.05), but not significant from 0-42 d (P>0.05). In general, 
FCR was lower for PC birds vs. all other Trt (P<0.05). For 
processing (d 43), only PC, NC, and NC+25, 66ppm fed 
birds were selected (5 birds/pen ± SD of mean BW/pen; 
n=260). Birds fed PC had higher carcass, wing, thigh, fillet, 
tender, and total breast weights vs. all other Trt, except 
NC+66ppm birds were similar to PC birds (P<0.05). For d 21 
AIDC, birds fed PC had numerical (P>0.05 for CP, Lys, Met, 
Cys, Thr, Val, Ile, Leu, Arg) and statistical (P≤0.05 for TSAA, 
Val, Arg) AIDC improvements over NC+PRO birds. For d 42 
AIDC, birds fed NC+PRO had a higher AIDC over PC birds 
for Lys and Thr at d 42 (P<0.05), with NC fed birds being 
similar to both. Increased AIDC for Val, Ile, and Arg was also 
found for NC+PRO at 25 and 50ppm vs. PC birds (P<0.05). 
While PRO inclusion improved 42 d BW, BWG, and most 43 
d processing parts, a recommended inclusion may change, 
depending upon the metric. Though PC and NC differences 
were obtained in this study, PRO response may have been 
limited due to inherent digestibility of the corn/soybean-
based diets, warranting further research using more 
deficient diets. 

18 Amino acid and phosphorus digestibility 
responses of broiler chickens to exogenous phytase 
supplementation of standard- and high-phytate 
diets. Tanner Wise*1, Olayiwola Adeola1, Vitor Santos 
Haetinger2, Emmanuel O. Alagbe2, Jose Otavio 
Sorbara3; 1Purdue University, Animal Sciences, West 
Lafayette, Indiana, United States; 2Purdue University, 
Animal Sciences, West Lafayette, Indiana, United 
States; 3DSM, ANH Innovation, Ribeirão Preto, Brazil. 

The objective of the following study was to investigate the 
effect of exogenous phytase on the standardized ileal 
digestibility (SID) of amino acids (AA) and the apparent ileal 

digestibility (AID) of P in both standard- (SP) and high-
phytate (HP) broiler diets. To test this, an experiment was 
conducted utilizing 336 Cobb 500 male broiler chickens 
allotted into 5 dietary treatments in a randomized complete 
block design. Treatments consisted of a N-free diet, a corn-
soybean meal-based reference diet, and a HP reference diet 
with inclusions of canola meal, sunflower meal, and 
stabilized rice bran. Two additional diets were created by 
adding 25 mg/kg phytase (1000 FYT/kg) to each of the 
reference diets. Each diet contained 5 g/kg TiO2 as an 
indigestible marker. Broilers were fed a common starter diet 
from d 0 to 20, and the experimental diets were fed from d 
20 to 25. On d 25 all birds were euthanized via 
CO2 asphyxiation and digesta was collected from the 
terminal ileum. Diet and digesta samples were analyzed for 
dry matter, N, Ti, AA, and P to determine AA and P 
digestibility. The SID of AA was determined by correcting the 
AID of AA for the basal endogenous losses estimated using 
the N-free diet. Data were subjected to an ANOVA where 
main effects of the diet type (standard vs. HP) and phytase 
(0 or 1000 FYT/kg) were evaluated as well as the interaction 
of diet type and phytase as a 2 x 2 factorial arrangement and 
the means were separated by Tukey’s method. For crude 
protein and all AA evaluated, the HP diets produced lower 
SID coefficients compared to the SP diets (P < 0.001). There 
was a significant effect of phytase for the SID of all AA (P < 
0.001) evaluated regardless of the diet type. However, there 
were no significant diet type*phytase interactions for any AA 
evaluated. While there was no interaction, the relative 
percent improvements in the SID of indispensable AA were 
consistently numerically greater in the HP diets relative to 
the SP (6.3 vs. 4.5%, respectively) except for Trp. The AID 
of P was reduced for the HP diets relative to the SP (P < 
0.01), and phytase supplementation increased the AID of P 
for both diet types (P < 0.01). These data indicate that 
phytase can improve the digestibility of P as well as AA for 
broiler chickens. Additionally, phytase exhibited a similar 
efficacy in both standard- and high-phytate diets. 

19 Evaluating the efficacy of three commercial 
phytase enzymes based on broiler performance and 
production economics. Andre J. Schoeman*1, Kyle M. 
Venter23, Christine Jansen van Rensburg1, Peter W. 
Plumstead23, Yueming Dersjant-Li4, Bart Hillen4; 1University 
of Pretoria, Animal and Wildlife sciences, Pretoria, Gauteng, 
South Africa; 2Chemunique PTY LTD, Lanseria, South 
Africa; 3Neuro Livestock Research, Brits, Kameeldrift, South 
Africa; 4IFF, Danisco Animal Nutrition & Health, Oegstgeest, 
Netherlands. 

Recent high feed ingredient (FI) prices have altered phytase 
(phy) application economics and theoretically favour both 
higher phy inclusion rates and new phy enzymes that 
provide higher nutrient release. The study objective was to 
evaluate the impact of applying supplier recommended 
nutrient contributions from 3 commercial (com) phy enzymes 
at 2 doses on broiler performance, tibia ash, and feed 
costs/lb broiler. The experimental design was a 3x2 factorial 
with 3 phy sources supplemented (sup) at 2 doses (1000 and 
2000 FTU/kg feed) plus an additional positive control (PC) 
diet with no sup phy. The 7 dietary treatments (TRT) were 
assigned to 84-floor pens in a randomised complete block 
design, with 50-day-old Ross-308, mixed-sex chicks placed 
per pen. The 3 phy enzymes were a novel consensus 
bacterial 6-phy variant (PhyG), a hybrid phy expressed 
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in Aspergillus niger (PhyN), and an E. Coli derived 6-phy 
(PhyO). Com corn/soy TRT diets were fed a 0-7d pre-starter 
(crumble), 8-16d starter (crumble), 17-24d grower (pellet), 
and 25-32d finisher (pellet). Relative to the PC, TRT diets 
containing phy were reduced in Ca, digestible P, Na, dig AA, 
and ME based on the nutrient contribution specified by the 
phy supplier at each dose, while maintaining similar 
fundamental ingredient inclusion levels. All diets were 
conditioned at 80 degrees Celsius per pelleting and 
analysed within 10% of expected phy inclusion levels. Data 
were analysed using JMP 16.1 (SAS Institute) using a one-
way ANOVA and means separated using a Tukey HSD test 
(to reduce a type-1 error) (P<0.05). Including phy at 2000 
FTU reduced feed cost relative to 1000 FTU for all phy 
sources. TRT containing PhyO at 2000 FTU had reduced 
(P<0.05) 32d BW vs PC (2051g vs. 2108g). In contrast, TRT 
with PhyG and PhyN respectively maintained 32d BW at 
1000 FTU (2122g and 2064g) and 2000 FTU (2114g and 
2079g) vs. 2108g for PC). The FCR of TRT with PhyG at 
1000 or 2000 FTU (1.398, 1.394) and PhyN at 1000 FTU 
(1.410) was not different from PC (1.387). The use of PhyO 
at both doses and PhyN at 2000 FTU increased (P<0.05) 
FCR compared to PC (1.442, 1.428 & 1.421 vs 1.387, 
respectively). There were no differences (P>0.05) noted for 
10-d tibia ash (%) irrespective of phy dose or source. Phy 
sup at 1000 and 2000 FTU reduced feed cost/lb broiler vs. 
PC. Differences in feed cost and broiler performance were 
noted between phy sources with PhyG at 2000 FTU (22.04 
$ cents/lb) having the lowest (P<0.05) feed cost/lb 
broiler, vs. other TRT. The results from this study illustrate 
that based on current high FI prices, higher doses of phy 
result in improved production costs, provided that the phy 
applied can deliver expected nutrient contributions and 
maintain performance. 

20 The efficacy and available phosphorus equivalency 
value of phytase in broiler diets from 1 to 35 days of 
age. Myunghwan Yu*1, Elijah O. Oketch1, Jun Seon Hong1, 
Nuwan Chamara Chathuranga1, Eunsoo Seo1, Haeeun 
Park1, Hans Lee2, JungMin Heo1; 1Chungnam National 
University, Animal Science and Biotechnology, Daejeon, 
Korea (the Republic of); 2Kemin Industries, Singapore. 

The current experiment determined the effectiveness of 
phytase (Phygest HT) on the performance, and tibia 
characteristics in broiler chickens; and estimate its available 
phosphorus (AP) equivalency value in AP-deficient diets of 

broilers from hatch to day 35. A total of 336 one-day-old 
“Ross 308” broiler chicks were randomly allocated into one 
of seven diets with six replicates and eight birds per pen. 
Dietary treatments were as follows 1) Positive control to 
contain 0.45% AP of starter and 0.42% AP of grower diet 
with a standard diet (PC), 2) 0.10% AP deficiency from PC 
(NC-1), 3) 0.15% AP deficiency from PC (NC-2), 4) 0.20% 
AP deficiency from PC (NC-3), 5) NC-3 +phytase (500 
FTU/kg; NCP-1), 6) NC-3 + phytase (1,000 FTU/kg; NCP-2), 
7) NC-3 + phytase (1,500 FTU/kg; NCP-3). Inorganic 
phosphorus was supplied using mono-calcium phosphate. 
The mash diets were fed ad-libitum over two phases 
namely, starter (days 1 to 21) and grower (days 22 to 35). 
Growth performance evaluation was conducted weekly. 
Besides, the tibia traits were determined on days 21 and 35. 
Data were analyzed using one-way ANOVA in SPSS 
(Version 26; IBM SPSS Statistics, 2019). Moreover, linear 
and non-linear regression equations (p < 0.05) were used to 
estimate the AP equivalency values of phytase. Results 
indicated that all NC groups had lower (p < 0.05) BW 
compared with PC from days 15 to 28. There were no 
differences (p > 0.05) in body weights of broilers fed diets 
supplemented with phytase and PC in all periods. 
Furthermore, no differences were found in the body weights 
of birds fed various contents of phytase (i.e., 500, 1,000, 
1,500 FTU/kg) for 35 days. NCP groups, regardless of 
phytase contents, were not significant (p > 0.05) in ADG of 
the broilers compared with PC from day 1 to 35. NC-3 had 
higher (p < 0.05) FCR compared with PC and the other 
phytase-infused diets during the entire period (days 1 to 35). 
NC-3 had lower (p < 0.05) calcium and phosphorus contents 
in the tibia compared with PC on day 21. NCP-3 had a higher 
(p < 0.05) content of calcium compared with PC on day 35. 
Linear regression analysis indicated that AP equivalency 
values of 500, 1,000, and 1.500 FTU/kg of phytase were 
0.407, 0.423, and 0.578% AP in the diet on day 21; and 
0.298, 0.388, 0.657% on day 35 based on tibia phosphorus 
contents, respectively. Likewise, the 500, 1,000, and 1,500 
FTU/kg supplementation were determined to have AP 
equivalencies of 0.414, 0.425, and 0.513% AP in the diet on 
day 21; and 0.331, 0.393, 0.504% on day 35 through the 
non-linear regression equation, respectively. In conclusion, 
phytase supplementation is recommended to compensate 
for improved growth performance and nutrient retention in 
phosphorous-deficient broiler diets. 
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Student Competition: Immunology, Health and Disease: Immunology

21 Contribution of Eimeria tenella challenge on 
growth performance, Salmonella colonization, and 
immune gene expression in broiler infected 
with Salmonella typhimurium. Hanseo Ko*1, Janghan 
Choi1, Doyun Goo1, Hanyi Shi1, Woo K. Kim1; 1University of 
Georgia, Poultry Science, Athens, Georgia, United States. 

This study aimed to evaluate the effect of Salmonella 
typhimurium (ST) and Eimeria tenella (ET) coinfection on 
growth performance, Salmonella colonization, and immune 
gene expression in broilers. A total of 364 hatched male 
Cobb 500 broilers were randomly allocated into 4 treatments 
with 7 replicates (13 birds per cage) for 20 d. The treatments 
included non-challenge control (NC) and ST challenge 
groups with different doses of ET challenge (0, 25,000, and 
50,000 sporulated oocysts of ET per bird). On d 0, all birds 
in the ST challenge and NC groups were orally challenged 
with ST (0.5 ml of 108 CFU/mL per bird) and PBS (0.5 mL 
per bird), respectively. On d 8, ST challenge groups were 
reallocated by body weight (BW) and challenged with 0, 
25,000, and 50,000 sporulated oocysts of ET per bird, 
respectively. BW, BW gain (BWG), feed intake (FI), and feed 
conversion ratio (FCR) were measured on d 8, d 14, and d 
20. The number of dead birds was monitored daily for 
mortality. ST loads in the ceca, liver, and spleen were tested 
at d 14 and d 20. Gut permeability, blood endotoxin 
concentration, and gene expression in the cecal tonsil were 
conducted at d 14 and d 20. One-way ANOVA with Tukey’s 
post hoc test was used for all data analyses. The orthogonal 
contrast was used for comparing the ST challenge effect (NC 
vs. ST challenge groups), ST and ET coinfection effects (ST 
challenge control vs. ST and ET coinfection groups), and ET 
challenge doses effects among the ST challenge group. ET 
challenge doses linearly reduced BWG during 8 - 14 d and 
8 - 20 d (P < 0.05). FI in ST and ET coinfection groups was 
lower than that in ST challenge control and NC (P < 0.05). 
ET challenge doses linearly increased FCR and mortality 
during 8 - 14 d and 8 - 20 d (P < 0.05). ST and ET coinfection 
increased ST loads in the ceca at d 14 and d 20 (P < 0.05). 
ST challenge increased blood endotoxin concentration and 
up-regulated the expressions of IFN-γ and TLR 4 in the ceca 
tonsil (P < 0.05). This study revealed that ET infection had 
dose-dependent adverse effects on growth performance in 
broilers infected with ST and 
promoted Salmonella colonization. However, the high dose 
of ET led to high mortality in the ST infected group, indicating 
that a low dose of ET would be proper 
for Salmonella and Eimeria coinfection model in the broiler. 

22 Local and systemic inflammatory and antibody 
responses to intradermal administration of 
killed Salmonella vaccine in broiler breeders selected 
for water-efficiency. Jossie M. Santamaria*1, Chrysta N. 
Beck1, Sara Orlowski1, Maricela Maqueda1, Gisela F. 
Erf1; 1University of Arkansas, Center of Excellence for 
Poultry Science, Division of Agriculture, Fayetteville, 
Arkansas, United States. 

As the demand for chicken products increases globally, a 
need for sustainable use of water is important. To contribute 
to the sustainable use of water resources, broiler breeder 
chickens with a low water conversion ratio (LWCR) are being 
developed to reduce the water demand in poultry production. 

However, there is little information on how genetic selection 
for water efficiency affects cellular and humoral immune 
responses. The objective of this study was to determine the 
local (tissue) and systemic (blood) inflammatory responses 
and antibody profiles to a Salmonella vaccine in broiler 
breeder pullets from a LWCR-, high (H)WCR-, and a modern 
random bred (MRB) control-population. For this study, 14-
week-old LWCR, HWCR, and MRB pullets were vaccinated 
with Salmonella Enteritidis (SE) bacterin (6 birds/line) or 
phosphate-buffer-saline (PBS; 3 birds/line) by intradermal 
injection of the growing feather (GF) pulp; 10 μL/GF, 20 
GF/bird. Injected GF and heparinized blood samples were 
obtained before (0h) and at 6, 24, 48, and 72h post-GF 
injection for leukocyte population analyses. Blood collected 
before (0d) and at 3, 5, 7, 10, 14, 21, and 28d post-GF 
injection was used to evaluate plasma levels of SE-specific 
IgG, IgM, and IgA by ELISA. Data were analyzed by 3-way 
ANOVA (P≤0.05) and Holm-Sidak multiple means 
comparison (P≤0.05). Independent of line, GF-infiltration (% 
pulp cells) of heterophils and macrophages was highest at 
6h and gradually declined to above pre-injection levels by 
72h (P<0.001). For leukocyte infiltration, line differences 
were only observed for T and B cells (P<0.001). In all lines, 
the local inflammatory activity was reflected in leukocyte 
concentrations (cells/μL) in the blood, with a 2-3-fold 
increase (P<0.001) in monocytes at 24h, no change in 
heterophils, a drop in T cells at 6h and maximum 
concentration of B cells by 24h. There were no differences 
in blood leukocyte concentrations between lines. 
Independent of lines, SE-specific IgM levels were highest at 
10d, decreased at 14d and 21d, and remained above pre-
injection levels by 28d (P<0.001). SE-specific IgG increased 
(P<0.001) to maximal levels by 7d and remained near this 
level thereafter. SE-specific IgA reached the highest levels 
by 7d and then gradually declined, remaining above pre-
injection levels by 28d (P<0.001). Based on these results, 
selection for water efficiency did not affect cellular and 
humoral immune responses to SE vaccination in LWCR, 
HWCR, and MRB breeder pullets. The dual-window 
approach of GF and blood sampling is a useful tool to assess 
the impact of genetic selection on the immune responses in 
broiler breeders. 

23 Investigation of age, genetic line, and sex on 
immune cell metabolic preference in response to 
lipopolysaccharide inoculation. Kayla Elmore*1, Elizabeth 
A. Bobeck1; 1Iowa State University, Animal Science, Ames, 
Iowa, United States. 

Bacterial, parasitic, and viral infections have damaging 
effects on poultry health, production, and producer 
profitability. Common endotoxins found in livestock 
environments, such as lipopolysaccharide (LPS), are known 
for causing innate immune responses, including low-grade 
inflammation. It was hypothesized that age, genetic strain, 
and sex could impact metabolic outcomes in immune 
responses. A series of 3 experiments were conducted to 
investigate the effects of age, genetic strain, and sex on 
metabolic activity and fuel preference of isolated peripheral 
blood mononuclear cell (PBMC) from chickens 
intramuscularly inoculated with LPS. All birds were singly 
housed at the Iowa State University poultry farm and 
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received feed and water ad libitum. Experiment 1: adult 
white Leghorn roosters from 2 age groups (1 yr or >2.5 yrs); 
experiment 2: hens from 5 highly inbred genetic lines, 
Fayoumi M5.1, Leghorn GHS-6, BRX, Line-8, and Spanish-
21.1; and experiment 3: roosters from Leghorn GHS13, 
Line-8, BRX, and Broiler lines. Birds (n ≥ 3/ treatment/ 
experiment) were assigned saline or 1mg/kg LPS inoculation 
(Escherichia coli O55:B5). Cloacal temperature and body 
weight were recorded at baseline, 6h, and 24h post-
inoculation (hpi) prior to drawing 1ml of blood from the wing 
vein and isolating PBMC for Seahorse metabolic analysis to 
determine metabolic fuel preferences using Real-Time ATP 
Rate Assay and Glycolytic Rate Assay kits (Agilent, Santa 
Clara, CA). Statistical analysis per experiment was 
separately performed using the MIXED procedure with fixed 
effects of age, genetic line, or sex, LPS challenge, and the 
interaction followed by Tukey-Kramer adjustment (SAS 9.4, 
significance denoted at P ≤ 0.05). No metabolic preference 
differences due to advanced age were found, and minimal 
body temperature changes suggested that fever responses 
across all 3 experiments likely resolved by 6hpi. At baseline, 
birds were predominantly glycolytic and GHS13 birds 
consistently did not respond to in-assay metabolic inhibitors 
regardless of challenge or sex, indicating these birds may 
already be at maximal anaerobic glucose usage at baseline 
(P ≥ 0.05). Across the 3 experiments, layer type lines had 
significantly increased metabolic switching to anaerobic 
glycolysis as early as 6hpi and through 24hpi due to LPS, 
whereas broiler type lines had resolved inflammatory 
pathways by 24hpi as measured by metabolic preference 
and overall ATP production (P ≤ 0.05). Results suggest that 
although significant differences due to LPS were found, in 
this model, genetic line may have a greater influence on 
PBMC metabolic preferences than LPS challenge. Future 
work may include earlier timepoints and additional replicates 
as needed. 

24 Performance, immunometabolic effects and 
intestinal histopathological responses in broiler 
chickens using a challenge model combining 
coccidiosis vaccine and Clostridium perfringens. Tânia 
L. Kohler*3, Cristiano Bortoluzzi1, Leticia Cardoso 
Bittencourt2, Nilton Rohloff Junior3, Mayara Marisa Tesche 
Câmara3, Luiza Monara Storck3, Eduarda Luana Storck3, 
Débora Piotrowski3, Ricardo V. Nunes3, Cinthia 
Eyng3; 1DSM Nutritional Products, College Station, Texas, 
United States; 2DSM Nutritional Products, , São Paulo, São 
Paulo, Brazil; 3Western Paraná State University, Animal 
Science, Marechal Cândido Rondon, Paraná, Brazil. 

We adopted a challenge model combining coccidiosis 
vaccine and Clostridium perfringens (CP) to investigate the 
broilers growth performance, immunometabolic effects and 
intestinal histopathological responses. A total of 400 male 
broiler chicks (Cobb 500) were assigned into two groups 
(non-infected and infected) with 10 replicate pens (20 
birds/pen). On day of hatch, all birds were sprayed with a 
coccidia vaccine based on the manufacturer recommended 
dosage. On d 11-13 the infected birds were orally gavaged 
with a fresh suspension of CP (1 mL/bird ~ 108 CFU/mL). 
Weight gain, feed intake and feed conversion were recorded 
on d 21, 35 and 42. Blood was collected from 1 bird per pen 
on d 14 and 28 to analyze intestinal permeability (fluorescein 
isothiocyanate dextran assay, FITC-d), c-reactive protein, 
aspartate aminotransferase, lipocalin and calprotectin. Liver 

and ileum fragments were collected as well for redox and 
histopathological parameters analyses (I See Inside 
methodology, ISI), respectively. On d 21, 35 and 42, the CP 
challenge group had a reduction in weight gain by 5.68% 
(P=0.046), 5.30% (P=0.036) and 4.96% (P=0.05), 
respectively, with an impairment in feed conversion ratio by 
0.028 points (P=0.019) at 21 d. Regarding the redox 
parameters, the enzyme superoxide dismutase decreased in 
the challenge group (P=0.051; 657 vs 568.1 U.mg protein-1) 
at 14 d and tended to increase on d 28 (P=0,093; 
560.2 vs 612.4 U.mg protein-1). The serum chicken c-
reactive protein, an inflammatory marker, was increased at 
d 28 in the challenged group (P = 0.062; 0.386 vs 0.287 
mg/L). It was not observed a significant difference on gut 
permeability in non-challenged vs challenged birds. The 
higher presence of oocysts observed in the ileum of 
challenged birds at d 14 (P < 0.0001), suggests a negative 
effect on the growth performance. However, the ISI total 
score at 14 and 28 d was not impacted by the challenge. In 
conclusion, the coccidiosis vaccination associated with 
the C. perfringens challenge negatively affected the growth 
performance and changed the antioxidant and immune 
status of the birds. 

25 Natural Intraepithelial Lymphocytes are critical 
intestinal mucosal defense against Salmonella 
Typhimurium Infection in Broiler Chicken. Shuja 
Majeed*1, Lisa Bielke2, Ali Nazmi1; 1Ohio State University, 
Animal Sciences, Wooster, Ohio, United States; 2North 
Carolina State University, Prestage Department of Poultry 
Science, Raleigh, North Carolina, United States. 

Salmonella is a significant foodborne disease worldwide for 
the poultry industry and human health. Understanding the 
protective role of the intestinal mucosal immune response 
to Salmonella infection is critical to developing immune-
based strategies to control Salmonella infection in chickens. 
This study aimed to determine the kinetics of Intraepithelial 
lymphocytes (IEL) and their role during Salmonella 
typhimurium infection. 60 Ross 308 birds were raised in floor 
pens in an environmentally controlled poultry house and fed 
a standard corn-soy diet. On day 21 of age, birds were 
randomly divided into two groups (control (n=30) and 
infected (n=30)). Birds in the infected group were orally 
gavaged with 7.5 x 106 CFU/ml Salmonella typhimurium, 
while the control birds were mock challenged with phosphate 
buffered saline. The body weight of birds was recorded on 
the challenge day and at 2 days post-infection (2dpi), 7dpi, 
and 14dpi. Eight birds per group were euthanized by CO2, 
after which the ileum, cecum, cecal tonsils, and spleen were 
harvested for lymphocyte isolation at 2, 7, and 14 dpi. In 
addition, cecal content was sampled to determine the 
bacterial load in each bird. The IEL population was isolated 
from the ileum and cecum by mechanical dissociation, and 
lymphocytes were isolated from the cecal tonsils by 
enzymatic digestion and from the spleen by mechanical 
disruption. The isolated cells were further stained with 
appropriate fluorochrome-coupled anti-chicken antibodies 
and acquired using a BD FACSCanto II flow cytometer. Flow 
cytometry data were analyzed by FlowJo software. All data 
were statistically analyzed using GraphPad Prism 9 
software, and means were considered statistically significant 
at a P value less than 0.05. At 2 dpi, there was a significant 
(P <0.05) 2-fold increase in the number of IEL 
subpopulations (TCRγδ+, TCRαβ+CD8αβ+, 
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TCRαβ+CD8αα+, CD3neg, and iCD8α+ cells) in the infected 
birds and they continued to increase at 7 dpi, compared to 
the control. In addition, at 7dpi, the number of 
TCRαβ+CD4+CD8α+ cells increased in the ileum of the 
infected group by 3 fold compared to the control. There was 
no change in the number of ileal IEL populations between 
groups at 14 dpi. Surprisingly, no significant differences in 
spleen lymphocytes were observed between the groups on 
all sampling days. These results indicate that natural IEL 
plays a critical protective role against Salmonella 
typhimurium infection in chickens. Further studies to 
determine the IEL subpopulations and their functions in 
other organs during Salmonella infection are underway. 

26 Deoxycholic acid reduces chicken necrotic 
enteritis through inhibiting Clostridium perfringens 
virulence. Tahrir Alenezi*1, Ying Fu2, Bilal Alrubaye3, 
Thamer Alanazi2, Hong Wang1, Xiaolun Sun4; 1University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 2University of Arkansas, Cell and Molecular Biology 
& Poultry Science, Fayetteville, Arkansas, United 
States; 3University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 4University of 
Arkansas Division of Agriculture, Fayetteville, Arkansas, 
United States. 

Chicken necrotic enteritis (NE) causes huge economic loss 
in the poultry industry and Clostridium perfringens is the 
main pathogen. One of the classical signs of NE is the large 
quantity of foul smell gas in the small intestine. Secondary 
bile acid deoxycholic acid (DCA) in feed reduced NE and the 
mechanism remains to be elucidated. We hypothesized that 
DCA reduced NE through inhibiting C. perfringens virulence. 
To evaluate the hypothesis, C. perfringens was cultured with 
DCA at 0.2, 0.5, 1, and 1.5 mM in tryptic soy broth (TSB) for 
24 hr. C. perfringens growth was quantified using serial 
dilution and tryptic soy agar (TSA) plating. C. 
perfringens RNA was isolated, and cDNA was reverse 
transcribed. Virulence gene expression was quantified using 
real-time PCR. The emission of toxic gas hydrogen sulfide 
(H2S) was examined using the lead acetate filter paper 
method. Chicken small intestinal digesta samples from 
groups of non-infected, NE, or NE plus DCA were collected. 
RNA from the samples was extracted using the TRIzol 
method, and cDNA was reverse transcribed. Virulence gene 
expression was quantified using real-time PCR. As 
expected, C. perfringens growth in TSB was reduced with 
dose dependence of DCA. DCA significantly reduced the 
expression of C. perfringens virulence genes 
of virX and asrA. Consistently, DCA reduced virulence 
gene asrA mediated H2S production, showing reduced 
brown staining in groups of C. perfringens cultured with 0.5, 
1, and 1.5 mM DCA compared to 0 mM DCA control group. 
Notably, the mRNA accumulation of C. perfringens virulence 
genes of virX and asrA1 in digesta of NE plus DCA was 
significantly reduced compared to that of NE birds. In 
conclusion, DCA reduced C. perfringens virulence gene 
expression in vitro and in the chicken intestine, such as H2S 
production gene asrA. The reduction of C. 
perfringens virulence may be one of the NE inhibition 
mechanisms of DCA. 

27 Novel chitosan nanoparticles-based vaccine 
candidates confer protection against necrotic enteritis 
in broiler chickens. Nicolas Deslauriers*1, Dion Lepp2, 

Joshua Gong3, Faizal A. Careem5, Martine 
Boulianne4; 1University of Montreal, Clinical Sciences, Saint-
Hyacinthe, Quebec, Canada; 2Agriculture and Agri-Food 
Canada, Guelph, Ontario, Canada; 3Agriculture and Agri-
Food Canada, Guelph Research and Development Centre, 
Guelph, Ontario, Canada; 4Faculté de Médecine Vétérinaire, 
Université de Montréal, Clinical Sciences, St. Hyacinthe, 
Quebec, Canada; 5University of Calgary, Faculty of 
Veterinary Medicine, Calgary, Alberta, Canada. 

Development of an effective in ovo vaccine 
against Clostridium perfringens (CP) is an appealing 
strategy to prevent necrotic enteritis (NE). Using 
comparative genomic analyses, we have identified surface 
proteins expressed by pathogenic CP strains. The aim of this 
study was to assess the protective efficacy of these vaccine 
candidates (VCs) to prevent NE in chickens. His-tagged VC 
proteins were expressed in E. coli and purified by Ni-NTA 
under native conditions. Chitosan nanoparticle-based 
vaccine formulations were prepared by the ionic gelation 
technique and characterized using a particle analyzer. 
A total of 220 eighteen day-old chicken embryos were 
divided into 5 groups as follow: groups 1 and 2, injected with 
0.1 mL sterile PBS; group 3, injected with 0.1 mL empty 
chitosan nanoparticle; groups 4 and 5; injected with 0.1 mL 
containing 50 µg of chitosan encapsulated antigens #1 and 
#2 respectively. All groups were segregated in their 
respective hatching drawer. At hatch (day 0), all hatched 
chicks were weighed and placed in cages (4 cages per 
group, 9 chicks per cage) in a randomized experimental 
design. Chicks were fed a high wheat content diet with ad 
libitum access to feed and water and weighed at days 7, 14 
and 23. On day 7, twelve chicks per group were bled and 
euthanized for intestinal sampling. Sera total IgY and 
intestinal mucosa total IgA were measured using 
commercial ELISA kits. A vaccine boost (0,1ml, same 
dosage as previously) was orally administered to remaining 
chicks while control groups received sterile PBS. On day 14, 
twelve birds per group were bled euthanized for intestinal 
sampling. A live coccidia vaccine (10X dose) was 
administered to all birds except for the negative control 
group. On day 19, birds were orally challenged with a NetB-
positive pathogenic CP strain (108 cells/mL) every 12 hours 
for two consecutive days. On day 23, all birds were bled and 
euthanized. Lesion scoring was performed on jejunum and 
intestinal samples were collected. Statistical analysis was 
performed using general linear models or a Kruskal-Wallis 
test, followed by p-value correction using Benjamini-
Hochberg method for multiple comparisons. 
No body weight difference was observed between groups at 
all ages (p=0.904). Macroscopic and microscopic jejunal 
lesion scores were lower in all treatment groups compared 
to the positive control group (p<0.001). Total IgY values 
significantly decreased between 7 and 14 days while total 
IgA values significantly increased between day 14 and 23, 
with the highest value observed in group 4. 
In conclusion, these novel vaccine candidates can prevent 
the development of NE-related lesions. 

28 Effects of cyclic heat stress on the acute local 
(growing feather pulp) and systemic (blood) 
inflammatory response to intradermal pulp injection of 
lipopolysaccharide in broilers. Alessandro Rocchi*1, 
Chrysta N. Beck1, Jossie M. Santamaria1, Billy M. Hargis1, 
Guillermo Tellez-Isaias1, Gisela F. Erf1; 1University of 
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Arkansas, Division of Agriculture, Department of Poultry 
Science, Fayetteville, Arkansas, United States. 

Heat stress (HS) is a growing concern in broiler production 
due to increasing environmental temperatures. Little is 
known of the overall effect of HS on innate immunity. 
Lipopolysaccharide (LPS), an outer membrane component 
of Gram-negative bacteria, is commonly used to study the 
inflammatory response. In avian species, the local tissue 
and systemic inflammatory activities in response to LPS may 
be determined concurrently, over time, in an individual, using 
the growing feather (GF) pulp dermal test along with blood 
measurements. To examine the effect of cyclic HS on the 
local and systemic acute inflammatory responses, Cobb 500 
male broiler chicks (n=400) were reared under 
thermoneutral (TN) or cyclic HS conditions. Eight 
environmental chambers were used, four TN and four HS, 
with each chamber split into two pens (25 chicks/pen). 
Beginning at 4 d of age, cyclic HS birds were subjected to 
35°C from 8 am to 10 pm and TN temperatures (24°C) from 
10 pm to 8 am. At 37 d of age, four treatment groups were 
formed: TN-LPS (n=8 broilers), TN-PBS (phosphate-
buffered saline (vehicle) control; n=4), HS-LPS (n=8) and 
HS-PBS (n=4). Twelve GFs on each broiler were 
intradermally injected with 10 μL of LPS (100 μg/mL) or 10 
μL of PBS. Blood and GFs were collected before (0 h) and 
at 6- and 24-h after GF pulp injection. Blood and GF pulp cell 

suspensions were immunofluorescent-stained, and 
leukocyte population profiles determined by flow cytometry. 
Blood was also used to prepare Wright-stained blood 
smears for differential leukocyte counts and to isolate 
plasma to measure alpha-1-acid glycoprotein (AGP) by 
ELISA. Data were analyzed by three-way ANOVA (P ≤ 0.05) 
for the effects of temperature, time, and injection and their 
interactions. Holm-Sidak test was used to for multiple means 
comparisons (P ≤ 0.05). Locally, HS-LPS broilers had lower 
levels (% pulp cells) of infiltrating heterophils and 
macrophages in the GF pulp at 6- and 24-h, respectively, 
compared to TN-LPS birds. In the blood, TN and HS broilers 
had similar baseline line (0 h) concentrations (cells/μL) of 
heterophils, monocytes, eosinophils, and basophils, but HS 
broilers had lower (P ≤ 0.05) total WBC and T- and B-
lymphocyte levels. Concentrations of heterophils and 
monocytes, and plasma AGP were greatly elevated (P ≤ 
0.05) at 6- and 24-h, respectively, only in TN-LPS broilers, 
although a minimal increase (P = 0.091) in heterophils was 
also observed in HS broilers at 6 h. By 24 h, blood 
heterophils returned to pre-injection levels in both HS-LPS 
and TN-LPS broilers. Overall, results indicated that cyclic HS 
reduced both the local and systemic acute inflammatory 
response to LPS in broilers, likely impairing their innate 
defense against microbial infection. 
  



 

2023 PSA Annual Meeting Abstracts 17 
 

Student Competition: Genetics and Molecular Biology

29 Comparison of the MHC Diversity of Red 
Junglefowl and Domestic Chickens by In 
silico Analyses. Corie Darrington*1, Xin Zhao1; 1McGill 
University, Montreal, Quebec, Canada. 

The major histocompatibility complex is one of the most 
polymorphic regions in the chicken genome. The genes 
found in this region play important roles in immune functions 
and haplotype variations of the MHC-B region have been 
linked to disease resistance. As these variations are defined 
and studied, the immune functions of the genes in this region 
can be better understood. This study aimed to define and 
compare the MHC variation in the wild Red Junglefowl and 
domestic chicken breeds. The whole genome sequence 
data for 6 breeds was processed following the GATK best 
practices pipeline, and the resulting variants were analyzed. 
The breeds included were the Red Junglefowl, commercial 
broiler and layer (brown and white) lines, White Leghorn, and 
Silkie. Overall, the Red Junglefowl showed the highest level 
of diversity, and the commercial white layer line showed the 
lowest level. The differences in the diversity observed 
between different populations also show the impact that 
different breeding backgrounds can have on a breed, and 
how the MHC is able to preserve diversity. The exposure to 
a wide range of natural selective pressures has resulted in 
high levels of diversity in the Red Junglefowl. While not as 
high as the Junglefowl, the broiler and brown layer lines 
showed higher diversity than the other breeds, suggesting 
that the diversity present in the MHC region at the beginning 
stages of the breed creation has been maintained at some 
level. Within the class I and II regions, the class I BF1 and 
BF2 genes were the most diverse, with an average of 35 and 
47 SNPs per kB, respectively. Of the SNPs found within 
coding regions, over 50% had moderate to high impact, 
demonstrating that the variation present in the region has 
influence over the genes, which can then impact their 
function. An area of interest, exons 2 and 3 of the BF genes 
code for the peptide binding pocket of MHC molecules, 
which has been connected to disease resistance. It was 
found that 50% of the SNPs found in the coding region of the 
BF genes were found in these two SNPs, with 80% having 
moderate to high impact on the gene. This analysis shows 
that much of the variation in the MHC region has impact in 
ways that can be meaningful to the function of these immune 
genes. 

30 Novel insight into the wooden breast defect from 
revisiting RNA-seq data. Martina Bordini*1, Ziqing Wang2, 
Francesca Soglia1, Massimiliano Petracci1, Behnam 
Abasht2; 1University of Bologna, Department of Agricultural 
and Food Sciences, Bologna, Italy; 2University of Delaware, 
Department of Animal and Food Sciences, Newark, 
Delaware, United States. 

The present research aimed at providing new insights into 
the biological mechanisms underlying the wooden breast 
defect (WB) and identifying novel genes likely involved in its 
occurrence. To do this, a differential gene expression 
analysis has been performed using the newest reference 
genome assembly for Gallus gallus  
(bGalGal1.mat.broiler.GRCg7). The WB mainly affects 
the Pectoralis major muscle (PM) of modern fast-growing 
broilers and is characterized by the presence of stiffened and 

pale areas having detrimental effects on meat quality. 
Considering its high prevalence and consequential 
economic losses, several studies were performed to 
elucidate the mechanisms underlying its occurrence. 
Nevertheless, the precise initial causes remain to be 
clarified. In the present research, we used RNA-seq data 
obtained in a previous study to identify differentially 
expressed genes (DEGs) between 6 affected (WB) and 5 
unaffected (NORM) broilers’ PM muscles. The quality of raw 
RNA-seq reads was checked using FastQC v0.11.9 and 
MultiQC v1.13. Trimmomatric v.0.39 was used to filter low-
quality reads and remove adaptor sequences. Clean reads 
were aligned to the latest chicken reference genome GRCg7 
using the HISAT2 v2.2.1 aligner. After read counting using 
HTseq v0.11.2, the differential expression analysis was 
performed in the R environment using the “edgeR” package. 
An FDR-adjusted P-value of 0.01 was considered as the 
significance threshold. To identify functional categories 
significantly enriched by the DEGs, the gene list was 
analyzed using DAVID tool v.2021. We identified 2441 
DEGs between WB and NORM (FDR<.01). Functional 
analysis evidenced DEGs involved in the glycolytic process 
(p<.0001), intracellular signal transduction (p<.0001), 
carbohydrate metabolism (p<.01), and protein 
serine/threonine kinase activity (p<.05.). Among the genes 
not yet reported in previous studies, the present study 
detected genes involved in mitochondrial biogenesis and 
function (i.e., PPARGC1B, ND2, COX2, and COX3) as 
downregulated in WB (FDR<.01). Besides, genes related to 
insulin signaling pathway and carbohydrate metabolism 
(i.e., G6PC1, PPP1R1A, PPP1R3D, and UGP2) were found 
lower expressed in WB (FDR<.01). In conclusion, our results 
corroborate the evidence concerning the impaired glucose 
metabolism and mitochondrial dysfunction in WB muscles 
and identify genes potentially involved in those mechanisms. 
Notably, the PPARGC1B gene, encoding for the peroxisome 
proliferator-activated receptor co-activator 1 (PGC1-β), has 
pivotal roles in maintaining glucose homeostasis and 
regulating mitochondrial biogenesis. Therefore, its 
involvement in the biological mechanisms underlying WB 
occurrence may be hypothesized. 

31 Genomic Architecture of Wooden Breast Disorder 
and Comparative Kinship Evaluation Between a 
Heritage and Two Commercial Broiler Lines. Travis 
Williams*1, James Alfieri1, Elizabeth B. Holda1, Kamaryn S. 
Beamsley1, Mollie Cobb1, Taylor Hoffman1, Mridula Gupta1, 
Mohamed M. Ibrahim2, Giri Athrey1; 1Texas A&M University, 
Poultry Science, Bryan, Texas, United States; 2National 
Institute of Laser Enhanced Sciences (NILES), Laser 
Applications in Metrology Photochemistry and Agriculture, 
Giza, Giza, Egypt. 

The 4-way cross implemented by primary breeder 
companies is the gold standard of livestock breeding 
programs. Intense selection on performance traits within 
lineages over past generations has resulted in various 
muscular myopathies, like Wooden Breast Disorder (WBD). 
To understand the drivers for the frequency of disorders like 
WBD, we conducted trio-based studies to uncover the 
genetic architecture and kinship structure of breeder 
populations. To date, no publicly available whole-genome 
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datasets have clarified these details. Therefore, we 
hypothesized that de novo and inherited genomic structural 
variation contributes to the modern pathologies in 
commercial broilers, and secondly that a high degree of 
relatedness among breeders explain the high frequencies of 
WBD in broilers. Broiler breeders from a commercial high 
efficiency (CHE), commercial high yield (CHY), and a 
random bred heritage breed (WPR) with no history of WBD 
were raised to sexual maturity. Broilers were grown to 42 
days with both generations reared following respective 
primary breeder lighting and feed programs. Broilers and 
parents were euthanized in accordance with Texas A&M 
University AUP IACUC 2019-0071 and assigned a WBD 
score between 0 and 4. Genomic DNA was isolated 
from Pectoralis major tissues using the QIAGEN Biosprint 
96 DNA blood kit. Dual quality analysis procedures were 
performed on the resultant isolates with all passing libraries 
sequenced at a minimum of 1X coverage. A dual 
bioinformatic analysis was performed on the sequencing 
data to determine familial structure and trios. 10 unique trios 
encompassing a male and female offspring for each breed 
were sequenced at minimum 40X coverage for structural 
variant (SV) analysis using Delly. Library preparation and 
sequencing was performed at the Texas A&M Agrilife 
sequencing facility on an Illumina NovaSeq platform in 
2x150 bp. We used a 1.5x coverage dataset consisting of 
341 samples for familial analysis and trio determination. 
From this, 7 CHE, 22 CHY, and 15 WPR breeders along with 
their offspring, 14 CHE, 20 CHY, and 20 WPR broilers were 
re-sequenced (98 samples) with a mean coverage of 51X. 
The familial analysis showed surprising differences in 
relatedness and kinship patterns among the three breeds. 
Unique patterns of second and third degree kinship levels in 
the commercial parent stock were surprising. 8 of the 9 Chi-
squared tests performed on this data were significantly 
different at P<=0.001. Structural variant analyses showed 
distinct differences in genome sizes and occurence of SVs 
among breeds. The two commercial broiler breeds showed 
a number of shared SVs which point to their potential role in 
WBD, but also in other important broiler morbidities. 

32 Single-Cell RNA Sequencing Analysis of Chicken 
Embryonic Pituitary Cells Reveals Hormone-producing 
Cell Types and Heterogeneity. Kuan Ling Liu*1, Tom E. 
Porter2; 1University of Maryland College Park, Animal and 
Avian Sciences, College Park, Maryland, United 
States; 2University of Maryland, College Park, Maryland, 
United States. 

Previous identification of transcription factors and signaling 
pathways regulating specialized hormone-producing cells in 
the anterior pituitary gland have improved our understanding 
of essential physiological processes in animals. However, 
the gene expression profiles and the heterogeneity among 
these specialized hormone-producing cells remain poorly 
characterized in most vertebrates, especially in chicken 
embryos. Using single-cell RNA sequencing technology, we 
sequenced the transcriptomes of 4,346 day 11 chicken 
embryonic pituitary (CEP) cells pooled from 246 pituitary 
glands of broiler chicks. Downstream analysis was 
performed using Loupe and RStudio software. Each 
endocrine cell cluster expressed at least one known 
hormone and were identified to be somatotrophs (GH), 
corticotrophs (POMC), gonadotrophs (FSHβ), thyrotrophs 
(TSHβ), or lactotrophs (PRL). While the lactotrophs are 

differentially expressing higher PRL levels, the low number 
of reads per cell and overlapping population with 
somatotrophs suggest that these cells are premature 
lactotrophs or mammosomatotrophs. These endocrine cell 
types, except lactotrophs, were also shown to express novel 
marker genes (e.g., Enpp2 in somatotrophs, PCSK1 in 
corticotrophs, SF1 in gonadotrophs, and HPGD in 
thyrotrophs). Interestingly, we identified a cluster of 
uncommitted cells (“Differentiating Nebula”) expressing 
multiple markers for each of the hormone producing cell 
types, with 46.3% co-expressing GH and POMC. Other non-
endocrine cell clusters have been designated as supporting 
cell types such as endothelial, folliculo-stellate, and red and 
white blood cells. Additionally, we also analyzed the 
transcriptomes of 10,835 CEP cells treated with 
corticosterone (CORT) for 6 hours. Our lab has previously 
shown that CORT induces premature somatotrophs to 
produce GH both in vivo and in vitro. Our analysis revealed 
a shift in GH expression, where not all somatotrophs are 
responsive to CORT treatment, which suggests 
microheterogeneity within the somatotrophs. A shift in gene 
expression was also seen in the “Differentiating Nebula” 
cluster where 99.2% of these seemingly uncommitted cells 
expressed high copies of the GH mRNA in response to 
CORT. Altogether, our results provide an overview of 
chicken embryonic pituitary cells, including the cell 
composition, heterogeneity, and gene expression profiles to 
facilitate our mechanistic understanding of embryonic 
chicken anterior pituitary gland development and function. 

33  Investigating the Genetic Background of Flip-
Over in a Breeding Population of Pekin Ducks. Carl A. 
Kroger*1, Luiz Brito1, Gregory S. Fraley1, Bill Lee2, Darrin M. 
Karcher1; 1Purdue University, Animal Sciences, West 
Lafayette, Indiana, United States; 2Maple Leaf Farms, 
Manchester, Indiana, United States. 

Flip-over in ducks is defined by the inability of an individual 
duck to return to its feet once it has fallen onto its back. 
During the struggle to return to its feet, the duck damages 
feathers and scars its wing/hips. Death occurs either as a 
direct result of the extended time the duck spent on its back 
or welfare-based euthanasia. In the last two decades, 
various research projects have attempted to find the root of 
the flip-over issue to no avail. Beyond the financial impacts 
flip-over ducks may have on producers, the occurrence is a 
welfare concern to be addressed. In this context, our main 
objective was to estimate genetic parameters for flip-over, 
including heritability and additive genetic variance, and 
identify possible avenues to implement genetic selection 
against pathological flip-overs (PFO). PFO refers to 
individuals who were either euthanized for flip-over welfare 
concerns or found flipped over numerous times. Flip-overs 
were measured on two hatches of 1,200 Pekin ducks. During 
the first hatch, individuals went through a time-to-right 
challenge weekly from day of age (DOA) 2 to DOA 30. In the 
time-to-right challenge individuals were manually placed 
onto their backs and the time it took them to return to their 
feet was recorded. During the first 30 DOA, any duck found 
on their backs by farm staff were euthanized and recorded. 
In hatch two, however, the ducks found on their backs during 
daily walk throughs were recorded and returned to their feet 
to potentially flip again. The data recorded in hatches one 
and two provided information on the time to right for 
individuals across life and identified ducks that were serial 
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PFO, respectively. Any individuals that were found flipped 
over or euthanized because of flip over based welfare 
concerns in the last four generations were categorized as 
PFO. Heritability and variance component calculations were 
performed based on the Restricted Maximum Likelihood 
(REML) method using the BLUPF90+ software. A linear 
modeling approach was performed and revealed that the 
rate of growth (g/day) between DOA 16 to DOA 23 was 
related to PFO (P < 0.05). The significance of ages 16 to 23 
was further reinforced by our serial flip-overs as the average 
age an individual experienced flip-over was at DOA 18.17 
(±10.37). The heritability estimate for PFO is 0.06 (±0.01), 
indicating that genetic progress can be achieved through 
direct genetic selection. These results suggest further 
investigation into the possibility of using growth rate from 
DOA 16 to 23 (heritability: 0.18±0.01) as a correlated trait to 
enhance genetic progress against PFO in Pekin duck 
populations. 

34 Not Presented. 

35 Systematic optimization of electrotransfection 
conditions for chicken cell cultures: Assessing the 
electro-transfection efficiency in CRISPR-Cas9 
experiments. Gautham Kolluri*12, Avishek Biswas1, Iqbal 
Hyder2, Wilfred A. Kues2; 1ICAR-Central Avian Research 
Institute, Govt of India, Bareilly, Uttar Pradesh, India; 2FLI-
Institute of Farm Animal Genetics, Hanover, Germany. 

Electro-transfection is a bio-physical method of introducing 
the foreign DNA by employing brief, high-voltage electrical 
pulse field to breach the cell membranes barrier. Simple and 
fast reliable delivery with high transfection and survival rate 
is an absolute necessity of any electro-transfer experiment. 
Square wave technology is the most studied protocol for 
transfection studies in mammalian cells and Nucleofector, 
BTXR, NeonTM, Gene pulser MX cell are the commercial 
entities that generate this technology. Optimization at every 

stage of electroporation is important, since improper 
conditions may yield poor results. In this study, we attempted 
to generate a stable electrotransfection protocol in chicken 
primary embryo fibrolbasts and DF-1cell lines for use in 
CRISPR-Cas 9 experiments. Different buffers were studied 
at different voltages using Pt2 venus as a reporter gene. Cell 
viability, cell transfection rate, flow cytometer and Western 
blotting for analysis of reporter protein were employed at 24 
h post electroporation using square wave bulk 
electroporator. One way ANOVA was employed using SPSS 
(v. 20.0) and data was log transformed wherever necessary. 
For validating the CRISPR-Cas 9 based gene editing 
efficiency of ACVR2B gene, guided RNAs targeting 
ACVR2B exon was designed and analysed in silico. Guides 
were ligated into pSpCas9 (BB)-2A-Puro (PX459) vector 2.0 
and were transfected into chicken cell cultures using 
optimized conditions. We examined the possibility of co-
electroporating DF-1 cells with a reporter construct and 
multiple short gRNA. Means reflecting electro-transfection 
scores in cells cultured with different electroporation carriers 
in 4 mm cuvette with constant pulse conditions of 400 volts 
and 10 ms pulse length differed significantly (p=0.000). 
Higher scores of 23.78 and 9.96 were observed in cells 
polarized with DMEM Advanced as electroporation carrier in 
DF-1 and primary chicken cells followed by optim-MeM 
without and with Glutamax and Neon transfection buffers. 
Least scores were recorded for DMEM knockout (10.10, 
0.44) and DMEM with high glucose (2.88; 1.28) buffers. Cells 
when double pulsed at 300 and 350 volts for 10 ms 
witnessed a profound increase of efficiency scores in DF-1 
cell lines with 53.84% and 25.53% viability respectively. 
According to the findings, choosing pulsing conditions and 
buffer compositions logically essential for the design of 
electroporation protocols that maximise viability and 
transfection efficiency. Furthermore, we ascertained efficient 
CRISPR-mediated gene editing of ACVR2B in chicken cells 
electroporated using optimized conditions.  
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Student Competition: Animal Well-Being and Behavior

36 Multiple Behavior Classification of Cage-Free 
Laying Hens Using Deep Learning. Sachin Subedi*1, 
Ramesh B. Bist2, Xiao Yang3, Lilong Chai4; 1University of 
Georgia, Department of Poultry Science, Athens, Georgia, 
United States; 2University of Georgia, Poultry Science, 
Athens, Georgia, United States; 3The University of Georgia, 
Poultry Science, Athens, Georgia, United States; 4University 
of Georgia, Poultry Science, Athens, Georgia, United States. 

The welfare status of hens in cage-free houses is associated 
with different behaviors they perform, such as feeding, 
drinking, pecking, perching, bathing, preening, foraging, etc. 
We developed and tested a deep-learning method to track 
and classify poultry behaviors using the models we 
developed. YOLO (You Only Look Once) is an advanced 
object detection technology with many advantages, like high 
accuracy, fast speed, and small size. It has been used in 
face recognition, image recognition, and object detection. A 
YOLO-based deep learning model, i.e., YOLOv5s-BH, 
YOLOv5x-BH, and YOLOv7-BH, was developed to track the 
poultry behaviors of laying hens in cage-free facilities. A 
dataset of 1500 training images, 500 validation images, and 
50 test images was collected to build the model for tracking 
behaviors. After training our model on the behavior dataset, 
results show that the model can automatically and effectively 
detect poultry behaviors with a predicted bounding box, 
including an objectness score ranging from 0 to 1 in test 
images. The YOLOv5x-BH shows good precision 
performance, achieving 78.6%, which is higher than both the 
YOLOv5s-BH and YOLOv7-BH by 2.1% and 6%, 
respectively. On the other hand, the YOLOv5s-BH has a 
recall of 71.9%, which is better than both the YOLOv5x-BH 
and YOLOv7-BH by 2.2% and 2.5%, respectively. 
Additionally, the YOLOv5s-BH has a mean average 
precision (mAP) of 74.6%, which is higher than the 
YOLOv5x-BH and YOLOv7-BH by 1.7% and 7.2%, 
respectively. All models performed well with high detection 
precision; however, model performance is affected by the 
stocking density, varying light intensity, and images 
occluded by equipment like drinking lines, perches, and 
feeders. This study provides a reference for cage-free 
producers that poultry behaviors can be monitored 
automatically. 

37 Dietary Fat type Influences Neurotransmitter and 
Short Chain Fatty Acid Concentrations in Chicken 
Brain. Paul Omaliko*1, Marisa Erasmus2, Bruce Cooper2, 
Yewande Fasina1; 1North Carolina A&T State University, 
Greensboro, North Carolina, United States; 2Purdue 
University, West Lafayette, Indiana, United States. 

Different fat types in the diet are differentially fermented by 
gut microbes and could consequently produce short chain 
fatty acids (SCFAs) that would impact brain chemistry, 
particularly neurotransmitter concentrations. Serotonin and 
Dopamine are neurotransmitters known to positively 
influence behavioral traits. A broiler chicken trial was 
conducted to evaluate the influence of dietary fat types on 
the concentration of Serotonin and Dopamine and SCFAs in 
the brain and ceca milieu. A total of 560 day-old (Ross 708) 
male broiler chicks were obtained from a commercial 
hatchery, weighed, and randomly assigned to seven dietary 
treatments. Treatments consisted of basal corn-soybean 

meal (SBM), into which poultry fat (CON), olive oil (OLIV), 
fish oil (FISH), canola oil (CANO), lard (LARD), coconut oil 
(COCO), or flaxseed oil (FLAX) was incorporated at 3% 
level. On d 55, segments of the brain (hypothalamus (HYPO) 
and dorsal raphae nucleus (DRN)) and ceca milieu samples 
were aseptically collected. To determine the concentration 
of serotonin, dopamine, and the major SCFAs (acetate, 
propionate, and Butyrate), the biological samples were 
subjected to HPLC separation using C18 reversed-phase 
chromatography, followed by mass spectrometry to identify 
and quantify the target analytes. In addition, plasma samples 
were analyzed for reactive oxygen metabolites (d-ROM) 
tests. All data were analyzed using one-way ANOVA in SAS 
9.4. Results showed that in the HYPO and DRN, serotonin 
and dopamine were higher in FLAX and COCO (P < 0.05) 
compared to CON. In the ceca milieu, serotonin and 
dopamine were higher in FLAX and COCO (P < 0.05) 
compared to CON. Among the SCFAs, only butyrate showed 
differences among treatments in the DRN. Butyrate 
concentration was similar for CON COCO, CANO, and FLAX 
treatments (0.0003967 – 0.0005167), thereby implying that 
other metabolites may be modulating the higher 
neurotransmitter concentrations in the brains of birds in 
FLAX, COCO, and CON. However, higher levels of oxidative 
stress (d-ROM values) were recorded in COCO (32.75 Carr 
U), CANO (29 Carr U) and CON (25.5 Carr U) compared to 
FLAX (18.5 Carr U; P < 0.05). It was concluded that dietary 
flaxseed oil at 3% level of the diet showed considerable 
potential to increase brain serotonin concentration without 
inducing oxidative stress. 

38 What's in a quack? Effects of Pekin duck 
vocalizations on conspecific physiology. Jenna M. 
Schober*1, Serena Wesley1, Isabella Taylor1, Collette Plue1, 
Melanie M. Bergman3, Jeffrey Lucas2, Gregory S. 
Fraley3; 1Purdue University, Animal Science, Lafayette, 
Indiana, United States; 2Purdue University, Biology, West 
Lafayette, Indiana, United States; 3Purdue University, 
Animal Sciences, West Lafayette, Indiana, United States. 

Stressor identification has primarily been reactive rather 
than proactive, leading to a reduction in health and 
productivity of the flock. It is reasonable to hypothesize that 
a bird’s vocalizations reflect their current wellbeing. If we 
understand the meaning behind individual quacks, calls 
could be used to reduce stress levels. We tested 17 Pekin 
ducks (5 hens and 12 drakes) with playbacks of 5 different 
vocalizations, no noise stimulus, and white noise. AM long is 
a common vocalization made by both hens and drakes. 
Honk is produced by both sexes and is thought to be an 
alarm call. Pips and harmonic vocalizations are common 
vocalizations made only by hens. The egg laying squiggle is 
also only made by hens. Several physiological 
measurements were recorded on one duck at a time while 
held in a closed off room. Trials consisted of an initial 
recording in a quiet condition with 5 consecutive 
measurements of heart rate, blood pressure and respiratory 
rate. A specific vocalization was then played on repeat while 
8 more measurements of blood pressure and heart rate and 
a recording of respiratory rate. Finally, 5 measurements of 
heart rate and blood pressure were taken post playback and 
a final recording of respiratory rate. Blood pressure 
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measurements and heart + respiratory rates were each 
aggregated using principal component analyses. The first 
principal component loaded strongly and positively (PRIN 1, 
systolic, diastolic, and MAP: lambda=2.48) and the second 
principal component loaded strongly and positively (PRIN 2, 
lambda=1.09). Repeated measures ANOVA indicated that 
the AM long call, honk, harm call, egg lay squiggle, and white 
noise significantly increased blood pressure (PRIN 1) when 
compared to the no noise control (treatment effect: 
F6,108=2.56, P=0.013). The AM long call in particular caused 
the ducks’ blood pressure to rise significantly (t108=2.80, 
P=0.006). In addition, the hens’ blood pressure was 
significantly higher than the drakes’ blood pressure (sex 
effect: F1,108=10.74, P=0.0014). There was no significant 
treatment effect (F6,108=0.17, P=0.98) or sex effect 
(F1,108=0.01, P=0.93) on PRIN 2. In practice these results 
could be used to detect early stages of stress in ducks before 
they impact production. Since the AM long vocalization had 
the most significant physiological response across the 
ducks, poultry producers could electronically monitor their 
flocks' vocalizations and receive alerts as to when a stressor 
is detected. 

39 Effect of Preening Cup Placement on the 
Production and Break Down of Serotonin and Dopamine 
in Pekin Ducks: Implications for Aggressive 
Behaviors. Melanie M. Bergman*1, Jenna M. Schober1, 
Drew Frey2, Heidi Parnin2, Gregory S. Fraley1; 1Purdue 
University, Animal Sciences, West Lafayette, Indiana, 
United States; 2Culver Duck Farms, Inc. Middlebury, 
Indiana, United States. 

Preening cups (PC) are a source of environmental 
enrichment given to Pekin ducks to allow for natural 
behaviors. Previous studies have evaluated the PC effect on 
Pekin duck behavior and body condition score. We 
evaluated the effect of PC on serotonin and dopamine 
turnover via mass spectrometry. Low activity levels of central 
serotonin and dopamine are affiliated with unwanted 
behaviors in animals. Pekin meat ducks (n=260) were 
housed at Purdue on the day of hatch with ad libitum food 
and water (n=8 per water nipple) and raised per industry 
standards. These ducks were randomly placed into two 
rooms with two pens each (n=65 per pen). On day 18, Pekin 
duck brains (n=6) were collected as a baseline 
measurement before PC placement. PC were placed in the 
first room with one PC per pen (n=65 per PC). On day 43, 
Pekin duck brains were collected from pens (n=6) with PC 
and pens (n=6) without PC. Brains were dissected on the 
midsagittal plane. Each hemisphere was micro dissected 
into 4 parts (caudal mesencephalon (CM), rostral 
mesencephalon (RM), diencephalon (DI), and forebrain 
(FB). The right hemisphere was used for mass spectrometry 
to determine the neurotransmitter concentration (ng/mg) in 
each tissue sample. We applied these concentrations to 
determine serotonin and dopamine turnover as the ratio of 
metabolite to neurotransmitter. A 2-way ANOVA (age x 
treatment) was run for each brain region. There was no 
significant difference in serotonin turnover due to the 
addition of a PC. In the CM, a significant (P=0.0067) 
decrease in dopamine turnover was found in day 43 ducks 
compared to baseline day 18 ducks. In the RM, there was a 
significant (P=0.003) decrease in dopamine turnover due to 
PC placement compared to no PC and baseline. These data 
suggests that PC influence dopamine turnover in the RM and 

CM. A decrease in dopamine turnover suggests that there is 
a higher concentration of dopamine in the synapse of the 
brain and a lower concentration of metabolites. This 
abundance of dopamine may excite action potentials in the 
brain leading to behavioral changes. A lower dopamine 
turnover has been associated with active behavior and 
increased feather pecking. This shows that the presence of 
PC alters neurotransmitter levels and tends to increase 
aggression in the form of feather pecking in Pekin ducks. 

40 Feeding behavior of turkey poults supplemented 
with AquaBeads®. Victor Oyeniran*1, Jay Palmer2, William 
Thomas2, Chantel Pennicott1, Angela Perretti1, Abdiel 
Atencio1, Aaron Forga1, Danielle Graham1, Shawna 
Weimer1; 1University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 2ClearH2O, 85 
Bradley Drive Westbrook, Maine, United States. 

Early feeding behavior is essential for poult health and 
welfare. Stimulating poult feeding behavior through early 
dietary supplementation can enhance the development of 
their gastrointestinal tract, growth, and livability. The 
objective of this study was to determine poult foraging 
activity and preference for a novel hydration product, 
AquaBeads®, when supplemented in the diet. A total of 360 
poults were randomly assigned to one of three treatment 
groups in 12 pens (N=4 pens/treatment) containing two feed 
flats: 1) non-treated control with no AquaBeads®, 2) 
AquaBeads® on both feed flats, and 3) AquaBeads® 
preference with AquaBeads® on one feed flat but not the 
other. Video recordings were collected during the first hour 
after placement and behavior was determined using 
instantaneous scan sampling every 15 seconds. Behavior 
was calculated as the percentage (%) of active (foraging, 
moving, or standing on feed flats), passive (sitting or 
sleeping on feed flats), and total poults on each feed flat. 
Data were analyzed using one-way ANOVA to determine the 
effects of the treatments. Our study suggests that a greater 
percentage of poults were observed on the feed flats for both 
AquaBeads® (27%) and AquaBeads® preference (28%) 
groups compared to the non-treated control group (21%; 
P<0.0001). Further, a greater percentage of active poults 
was observed for the AquaBeads® group (25%) and 
AquaBeads® preference group (23%) than the non-treated 
control group (15%; P<0.0001). Similarly, the percentage of 
passive poults on feed flats was greater for the non-treated 
control group (6%) compared to the AquaBeads® (2%) and 
AquaBeads® preference groups (5%; P<0.0001). 
Interestingly, within the AquaBeads® preference group (N=4 
pens), a greater percentage of total poults was observed on 
the AquaBeads® treated feed flat (16%) than the non-
treated flat (12%; P<0.0001). Compared to the non-treated 
flats within the Aquabeads® preference group, the 
percentage of active poults was greater when they were on 
the AquaBeads® flats (9% vs. 14%, respectively; P<0.0001) 
and this was reflected in the percentage of passive poults 
being greater for the non-control treated groups (3%) than 
for the flats with AquaBeads® (2%; P=0.01). These results 
suggest that the presence of AquaBeads® stimulated poult 
foraging activity and exploration and could stimulate feeding 
behavior and improve poult health and welfare. 

41 Impacts of stocking density on behavior for two 
pullet strains raised in floor pens. Torey J. Fischer*1, 
Meagan Abraham12, Darrin M. Karcher1, Marisa 
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Erasmus1; 1Purdue University, Animal Science, Lafayette, 
Indiana, United States; 2Jennie-O, Wilmar, Minnesota, 
United States. 

Welfare concerns and consumer perceptions have led to a 
shift towards cage-free layer production in recent years. The 
USDA definition of cage-free is broad and leaves room for 
interpretation, resulting in large variability in cage-free 
housing design. Research has reported that behavior during 
the pullet phase impacts hen success later in life; however, 
there is limited information about the impacts that housing 
and management conditions have on pullet behavior. This 
project investigated the impacts of two stocking densities 
(SD) on the behavior of two chicken strains in a 2 x 2 factorial 
design. Lohman LSL-Lite and Lohman Brown-Lite chicks 
were raised in floor pens at a final SD of high (0.04m2/bird; 
HSD) or low (0.11m2/bird; LSD) with 59 birds per pen. Video 
recordings of 6 pens/treatment were collected for 2 
continuous days at 12 and 16 weeks of age. Video for each 
day was analyzed using scan sampling for one hour each in 
the morning, afternoon, and evening. Behaviors analyzed 
included sitting/standing, walking, preening, eating, drinking, 
environmental pecking (EP), piling, and unknown. The main 
effects of age, SD, strain, and time of day (TOD) (and their 
interactions) were analyzed with PROC GLIMMIX in SAS 9.4 
and data are presented as LSMEAN±SE. Pen nested within 
room was included as a random effect and TOD nested in 
age was included as a repeated measure. Nonsignificant 
interactions (P>0.1) were removed from the model. 
Percentage of birds preforming piling (LSD: 11.2%±1.4 vs 
HSD:24.8%±1.3; p<0.0001), eating (LSD: 13%±0.4 vs 
HSD:15.7%±0.5; p<0.0001) and drinking (LSD: 2.1%±0.1 vs 
HSD:2.7%±0.1; p=0.0002) behaviors were less in LSD. The 
percentages of birds performing preening (LSD:15.8%±0.6 
vs HSD:11.5%±0.6; p<0.0001), walking (LSD: 8.4%±0.4 vs 
HSD: 6%±0.3; p<0.0001), and EP (LSD:15.4%±0.4 vs 
HSD:10.4%±0.7; p<0.0001) were higher for LSD. 
Percentage of birds walking (12:7.7%±0.3 vs 16:6.5%±0.2; 
p=0.0001), eating (12:17.1%±0.5 vs 16:12%±0.3; p<0.0001) 
and drinking (12:2.7%±0.1 vs 16:2.2%±0.1; p=0.005) were 
higher at 12 wk than 16 wk. Percentage of birds preening 
(12:12.8%±0.5 vs 16:14.5%±0.5; p=0.001), EP (12:12%±0.4 
vs 16:13.5%±0.5; p=0.001) and piling (12:15.8%±1.1 vs 
16:20.2%±1.1; p<0.0001) were lower at 12 wk than 16 wk. 
Overall, the percentage of birds performing comfort and 
active behaviors were higher for LSD, suggesting that pullets 
with increased space have more opportunity to express 
these behaviors. Further research examining the effect of 
stocking density on behavior in the pullet phase and its 
impact on success in the layer phase shows promise as 
demand for cage-free systems increases. 

42 Defining the development of normal chick behavior 
over the first week of life. Alexandra Jackson*1, Bethany 
Baker-Cook1; 1Auburn University, Department of Poultry 
Science, Auburn, Alabama, United States. 

In the first week of life, chicks undergo many significant 
physical and behavioral developmental changes. Currently 
little is known on the normal behaviors of chicks or how these 
behaviors develop over the first seven days of life. This 
understanding may help ensure that chicks’ behavioral 
needs are met thus improving bird welfare and 
management. The objective of this study was to define how 
broiler chick behavior develops over the first week of life. 

Behavior assessment was performed on three focal chicks 
(Ross YPM x 708) (25 birds/pen) by continuous sampling 
over a 24-hr period from day (D) 1 to 7. The behaviors of 
standing, sitting, walking, running, eating, drinking, preening, 
comfort (headshake, bodyshake, stretching), play, 
explorative, sleeping, allopreening, and adjusting were 
assessed as a percentage of time performed per day. One-
way ANOVA with day as main effect was performed (Proc 
Mixed, SAS 9.4), means were separated by Tukey-Kramers. 
Significance level was set at 0.05. A difference was found in 
all analyzed chick behaviors between D 1-7 apart from 
standing. Sitting increased with age, as chicks performed 
less sitting on D 1, 2, and 3 (17.07; 16.89; 17.76) than D5 
and D7 (24.87; 13.62). Walking (P<0.01) and running 
(P<0.01) were performed more as chicks aged with D2 being 
the lowest (5.56; 0.61) and walking observed most on D6 
(13.10) and running on D7 (2.83). The proportion of time 
spent eating (P<0.01) and drinking (P<0.01) was lowest on 
D1 (5.09; 3.28) and steadily increased over the seven days. 
Preening (P=0.02) increased with age, being observed less 
on D 1, 2, and 3 (5.73; 5.52; 5.28) than on D 4, 5, 6, and 7 
(6.69; 7.22; 7.65; 6.59). Comfort (P<0.01) behaviors, 
excluding preening, increased over the first week occurring 
least on D1 (2.56) and most on D 5 and 6 (3.93; 3.99). Play 
(P<0.01) and explorative (P<0.01) were both performed less 
on D1 (0.00; 2.73) with play behaviors rising until D7 (0.09), 
while explorative behaviors increased on D2 (5.28) and 
maintained this level for the duration of week. Sleeping and 
allopreening decreased with age, occurring most on D1 
(47.31; 0.80) and less by D7 (21.42; 0.44). Adjusting 
(P<0.01) was performed the most on D1 and 7 (1.28; 1.38) 
and decreased mid-week to 0.62% on D4. Overall, chicks 
increased in their percentage of time performing sitting, 
walking, running, adjusting, eating, drinking, preening, play, 
and explorative behavior as they aged. While the behaviors 
sleeping and allopreening, decreased in the proportion of 
performance from D 1-7. The results of this study show that 
in the start of life, chicks spend more time sleeping and 
allopreening, and as the chicks age they start to perform 
more active, nutritive, and comfort behaviors. 

43 Effects of early-life thermal conditioning on the 
behavior of broilers during heat stress later in 
life. Angela Perretti*1, Chantel Pennicott1, Victor Oyeniran1, 
Danielle Graham1, Aaron Forga1, Billy M. Hargis1, Tom E. 
Porter2, Shawna Weimer1; 1University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States; 2University 
of Maryland, College Park, Maryland, United States. 

Adjusting thermal environments for broilers early in life can 
have a positive impact on production and welfare. 
Observation of behavioral changes after a period of thermal 
conditioning can elucidate management strategies that may 
be useful for producers to manage and maintain their flock 
amidst global warming. The objective of this study was to 
evaluate if 24h of TC early in life can build resilience in 
broilers to potential heat stress environments later in life. On 
D4-5, broiler chicks were tagged and randomly assigned to 
12 pens (n=30 birds/pen). Half of the pens were not 
thermally conditioned (thermal neutral, TN) and maintained 
at 28°C or subjected to 37.8°C for 24h (thermal conditioned 
heat stress, TC). Following TC, all groups were maintained 
at age appropriate temperatures until the beginning of the 
heat stress (HS) treatments at D28. From D28-D35, birds 
were exposed to cyclic heat stress (HS) conditions (35°C) 
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from 0800-1600 each day. Behavior was observed using 30-
minute instantaneous scan sampling at 1000 (2h into HS), 
and 1400 (6h into HS) on D28 and D35. The behavior of all 
birds in each pen were categorized as either standing, 
walking, sitting, drinking, panting, or wing spreading. Scan 
count data were used to calculate the mean proportion of 
birds engaged in each behavior. We hypothesized that birds 
in the TN group would exhibit more heat stress-related 
behaviors (i.e., panting, wing spreading, and drinking) 
compared to TC and this effect would be more significant 6h 
into HS. A 2-way ANOVA for the fixed effects of thermal 
conditioning (TN, TC) and HS duration (2hr into HS, 6h into 
HS) at each age (D28 and D35) was used to analyze data. 
At D28 compared to TN birds, fewer TC birds were panting 
2h into HS (67% vs 64%, respectively) but the opposite was 
found 6h into HS, where more TC birds were panting than 
TN (71% vs. 63%, respectively; P<0.0001). Drinking 
behavior of TC birds did not change from 2h and 6h into HS 
(5.4%), while TN drinking increased from 2h (4.9%) to 6h 
(5.8%) into HS on D28 (P=0.03); however, on D35, drinking 
behavior of TC birds increased from 1.7% to 4.6% and TN 
increased from 3.2% to 6.2% from 2h to 6h into HS, 
respectively (P<0.0001). These results suggest that 24h of 
thermal conditioning may be limited and inconsistent in it’s 
effectiveness to reduce broiler’s HS behaviors during HS 
events later in life. 

44 Behaviors in Broilers in Conventional and 
Environmentally-Modified Housing During 
Summer. Chloe M. O'Brien*1, Frank W. Eden1; 1NC State, 
Prestage Department of Poultry Science, Raleigh, North 
Carolina, United States. 

Housing for broilers has changed to accommodate and 
improve performance, but some changes in housing design 
were slower to develop. Earlier studies in conventional 
housing (CVH; housing with cross-ventilation, insulated 
ceiling, and ceiling fans) and environmentally-modified 
housing (EMH; windowless housing, insulated side-walls 
and ceiling, and thermostatically controlled ventilation fans) 
demonstrated improved performance in EMH. The objective 
of the current study was to focus on whether certain 
frequency of behaviors differed between two population 
densities between the housing environments during an 8-
week growing period during the summer. Testing a total of 
four treatments; low stocking density in EMH, high stocking 
density in EMH, low stocking density in CVH, and high 
stocking density in CVH. The statistical design was a 
randomized block, using two houses, each with two 
population densities (0.66 ft2/chick or 0.8 ft2/chick), two 
observation times, and bird age as main effects. Data were 
analyzed using SAS General Linear Models. At 3 weeks of 
age, two teams of six observers began to make behavioral 
observations once per week, during morning and afternoon 
in 60 min blocks. The observers divided evenly into two 
teams for each observation period in each house observing 
12ft X 24ft areas in each pen per house. Observed behaviors 
recorded were the frequency of total aggressive encounters, 
tail and back pecking, feather eating, thermoregulatory 
activities, preening, and flock mobility. Tail pecking (p = 
0.0060), back pecking (p = 0.0090), feather eating (p < 
0.0001), and aggressive encounters (p = 0.0007) were 
expressed at significantly greater rates in the high-density 
birds in CVH. At the beginning of phase 2 feeding, birds were 
mistakenly provided a salt-deficient diet, which was 

associated with increased feather pecking and aggressive 
encounters. After correction, aggressive acts decreased. 
Aggressive encounters were significantly greater (p = 
0.0007) in CVH. Two factors that entered into expression of 
certain behaviors in CVH vs. EMH were increased heat 
indices (HI) and greater light intensity in CVH. In EMH, 
burrowing, thermoregulatory, and resting activity increased 
with increasing HI. Preening was elevated significantly (p = 
0.0010) in EMH in the afternoon. Mortality rate was 
significantly elevated (p < 0.05) in CVH. Daily increases in 
HI influenced behaviors of broiler chickens more severely in 
CVH than in EMH. Higher bird density in CVH was a major 
factor affecting broiler behaviors. This investigation 
illustrated that broilers reared in EMH appeared more 
comfortable and to experience improved welfare compared 
to those reared in CVH. 

45 Effects of Growth Rate on Behavior, Welfare, and 
Blood Biochemistry Profile in a Modern Broiler 
Strain. Nabin Neupane*1, Grant Bennett1, Laura Ellestad1, 
Prafulla Regmi1; 1University of Georgia, Poultry Science, 
Athens, Georgia, United States. 

Advances in selective breeding, nutrition, and environmental 
management have enabled contemporary broilers to attain 
market body weight (BW) at an early age with rapid growth. 
Nevertheless, welfare concerns such as lameness, skin 
lesions, and increased mortality have been identified as 
unintended consequences of rapid body mass gain in 
broilers. This study investigated effects of slowing the growth 
rate of a commercial broiler strain on behavior, welfare, and 
blood biochemistry. A total of 720 1d-old male broilers (Ross 
708) were raised in a controlled environment and randomly 
assigned to one of 3 treatments: Standard (ST), 
Intermediate (IN) and Slow (SL). Each treatment had 8 
replicate pens (n=8), with 30 birds/pen. In Wk 1, all birds 
were fed ad libitum. In Wk 2, ST, IN and SL were fed 100%, 
90% and 80% of the recommended daily allocation, 
respectively. From Wk 3 onwards, ST received ad 
libitum feed, while IN and SL were pair-fed to 90% and 80% 
of ST’s daily feed consumption, respectively. Welfare 
assessment was conducted weekly on 6 random birds/pen 
from Wk 4 onwards. Gait score, plumage cleanliness, and 
incidences of footpad dermatitis and hock-burn were 
assessed. Blood was collected from 2 birds/pen when 
the ST reached 1 kg, 2.5 kg, and 4 kg BW for analysis of 
metabolic indicators, including ionizable calcium (Ca++), 
glucose, pH, and partial pressure of oxygen (pO2), using 
Vet-Scan i-STAT analyzer. Pen behaviors were recorded on 
32d and assessed using scan sampling. Data from welfare 
outcomes and behavior analysis was compared between 
treatments using non-parametric tests whereas blood 
parameters were normalized to BW and analyzed using one-
way ANOVA with means separated using Tukey-HSD. The 
likelihood of observing moderate to severe lameness was 
greater in ST and IN than the SL at all ages (P<0.05), 
except for Wk 4 when IN and SL were not different. The 
odds of hock-burn and dirty plumage incidences were also 
higher in ST and IN than the SL (P<0.05). Blood 
biochemical parameters were higher in SL broilers 
compared to ST and IN at all target BW (P<0.05) except 
glucose levels at 1 kg BW, when ST and IN were not 
different (P=0.09). Standard (ST) broilers were observed 
resting more frequently compared to SL and IN (P<0.01). 
Slow (SL) broilers exhibited more ‘stretching while standing’ 
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than ST whereas ‘stretching while sitting’ was more frequent 
in ST than SL and IN (P<0.05). Foraging and preening were 
expressed more frequently in SL than ST (P<0.05). Results 
indicate that reducing the growth rate in broilers could 
reduce lameness while influencing metabolic parameters. 
Increased foraging and preening in Slow (SL) broilers could 
be reflective of the feed restriction method employed in the 
study. 

46 Evaluation of the acceptability of euthanasia 
methods based on demographic predictors. Madalyn 
Jennings*1, Bethany Baker-Cook1, Jessica Starkey1, Dianna 
Bourassa1; 1Auburn University, Poultry Science, Auburn, 
Alabama, United States. 

Understanding and capability to perform euthanasia is 
imperative for professionals in the poultry industry. With 
training to perform euthanasia via various available 
techniques, workers can ensure humane euthanasia 
practices. Euthanasia training is conducted at Auburn 
University using manual cervical dislocation (CD), 
mechanical cervical dislocation (MCD, Koechner Euthanasia 
Device), CO2, and electrical euthanasia to equip students 
with the knowledge and ability to perform these euthanasia 
methods. A survey was administered to collect information 
on student demographics (region, sex), prior euthanasia 
experience, perceived method acceptability before and after 
completion of training, and how comfortable they would be 
performing each method on a scale from 1-5 (1=poor, 
5=excellent). For statistical analysis the Wilcoxon-Mann-
Whitney test was used for two independent variables (sex, 
experience) and multivariate analysis of variance for more 
than two variables (rural, suburban, or urban regions) with 
significance determined at P≤0.05. For pre-training welfare 
acceptability, males found electrical to be more acceptable 
(4.3) compared to females (3.8, P=0.0048). For CD, males 
found CD to be more acceptable (4.1) compared to females 
(3.7, P=0.0499). For CO2 gas euthanasia, males ranked 
higher (3.9) than females (3.2, P=0.0015). Participants who 
had euthanasia experience prior to training perceived 
electrical euthanasia to be more acceptable (4.3) than their 
counterparts (3.9, P=0.0281). Following training, 
participants without prior euthanasia experience found MCD 
more welfare acceptable (4.0) than those with previous 
euthanasia experience (3.5, P=0.0210) and males ranked 
higher (4.1) than females (3.3, P<0.0001). Participants from 
an urban region were more comfortable performing 
CO2 (4.8) than rural (4.4) and suburban (4.2, P=0.0152). 
When asked how welfare acceptable they perceived CD, 
participants from a rural region scored higher (4.3) 
compared to urban (3.5) and suburban (3.8, P=0.0019). 
Males ranked higher (4.2) than females (3.2, P=0.0442). 
When asked how comfortable they would be if asked to 
perform CD or MCD, males were more comfortable (4.5, 
4.7), than females (3.7, 4.1, P<0.0001, P=0.0054) and 
participants with previous experience ranked higher (4.5) 
than those without (3.8, P<0.0001). Participants from an 
urban region found CO2 to be more acceptable (3.7) than 
suburban (3.0) and rural (2.8, P=0.0484). Based on these 
results, demographics of sex, experience, or region 
influence the perception and acceptability of euthanasia 
methods prior to and following training. Influence of 
evaluator demographics may need to be considered in the 
future when evaluating acceptability of euthanasia methods. 

47 Investigating mineral-based pecking stones for 
laying hens. Madeleine McAuley*1, Linda J. Caston1, 
Alexandra Harlander1, Tina Widowski1; 1University of 
Guelph, Animal Biosciences, Guelph, Ontario, Canada. 

Pecking stones (PS) are a form of edible enrichment for 
poultry. Mineral-based PS are made up of a high proportion 
of calcium (Ca), but it is currently unknown whether laying 
hens’ innate Ca appetite influences their motivation to peck 
at and consume PS. The objectives of this study were to 
determine if laying hens prefer a “Medium” (Soft; easier to 
ingest) versus an “Extra Hard” (Hard) mineral-based PS with 
the same Ca content (Vilofoss International, Denmark), if 
pecking at the PS follows a diurnal pattern similar to Ca 
appetite, and if the PS affects feeding behaviour and 
eggshell quality. Shaver White laying hens (72 WoA) housed 
in groups of 3 in furnished cages (N = 38) were given either 
a Hard or Soft PS for 15 d, followed by a 6-d washout period 
of no PS, and then the opposite PS type for another 15d 
(Phase 1). After a second 6-d washout period, all cages 
received both Hard and Soft PS at the same time for a 14-d 
preference test (Phase 2). PS disappearance was 
determined by weighing the stones before and after each 
treatment period. Video recordings of 20 cages were 
scanned at 15-minute intervals on two d in each treatment 
period to quantify feeding and PS-directed pecking 
behaviours. Eggs were analyzed four times over Phase 1 for 
weight, eggshell thickness, and breaking strength. GLMM 
were used to analyze Phase 1 outcome variables, and 
paired sample t-tests were used for Phase 2. Additional 
descriptive analyses were used to visually assess patterns 
of daily PS use. In Phase 1, PS disappearance increased for 
all birds from the first to second period (P = 0.0010) and was 
even greater when the hens had been given Hard then Soft, 
compared to the opposite sequence (P = 0.0229). Pecking 
behaviour directed at the PS was also greater in the second 
treatment period compared to the first (P = 0.0027). In Phase 
2, Soft PS disappearance was greater than Hard (P < 
0.0001), but pecking behaviour directed at the Soft PS was 
only significantly greater than that of the Hard PS when the 
hens had received the Hard-Soft sequence in Phase 1 (P = 
0.0061). The hens showed more pecking behaviour in the 
last three hours of the day (~15:00-18:00). PS treatment had 
no effect on feeding behaviour. The differences (Δ) before 
and after PS treatment for both eggshell breaking strength 
(P < 0.0001) and shell thickness (P = 0.0001) were affected 
by treatment period suggesting improvement in eggshell 
quality as ingestion of PS increased. This study shows that 
hens’ previous experience with PS influences their use. It 
provides some evidence that hens’ use of mineral-based PS 
is related to their diurnal Ca appetite and affects eggshell 
quality. 

48 Are Keel Bone Fractures Associated with Altered 
Energy Expenditure in End-of-Lay Laying Hens? Jacob 
Brost*1, Donald Powers2, Nienke van Staaveren13, Emily M. 
Leishman14, Tina Widowski1, Bret Tobalske5, Alexandra 
Harlander1; 1University of Guelph, Animal Biosciences, 
Campbell Centre for the Study of Animal Welfare, Guelph, 
Ontario, Canada; 2George Fox University, Department of 
Biology, Newberg, Oregon, United States; 3University of 
Guelph, Centre for Genetic Improvement of Livestock, 
Guelph, Ontario, Canada; 4University of Guelph, Centre for 
Nutrition Modelling, Guelph, Ontario, Canada; 5University of 
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Montana, Division of Biological Sciences, Missoula, 
Montana, United States. 

Keel bone fractures (KBF) are a significant welfare issue in 
layer hens, occurring in up to 90% of birds in a flock during 
the laying period. These fractures are assumed to heal by 
the time the hens are slaughtered (70-100 weeks of age). 
Healing is an energy-demanding process that requires an 
organism to expend calories to repair and rebuild damaged 
tissue, at the expense of other physiological processes (i.e., 
egg production). However, whether KBF affect daily energy 
needs in end-of-lay laying hens is unknown. To address this 
knowledge gap, we estimated the daily energy expenditure 
(DEE) in adult laying hens with and without KBF. Out of 120 
Lohmann Brown laying hens housed in 12 multi-tier 
systems, we selected 8 hens with and 8 hens without KBF 
at 92 weeks of age. As radiographs detected severe KBF in 
all fractured hens, a random subsample was used for the 
present study. For each hen, DEE was measured using the 
doubly labelled water method. We injected isotopically 
enriched water (18O and 2H) into the pectoralis muscle of 
each hen using a dosage adjusted for body weight. We 
placed birds in individual cages for 1 hr to allow the isotopes 
to equilibrate with the body water, after which a blood sample 
was collected for measurement of initial isotopic enrichment. 
A second blood sample was taken 48 hr later to measure 
final enrichment using a liquid isotopic water analyzer. The 
difference between initial and final enrichment was used to 
calculate isotopic turnover for estimation of CO2 production. 
CO2 production was then used to calculate DEE. We tested 
for significant differences in DEE using a generalized linear 
mixed model with fracture status (control vs. fractured) as a 
fixed effect. Hens with and without keel bone fractures had 
body weights of 2076.50 ± 205g and 2006.29 ± 151g 
respectively. Estimates for DEE ranged from 789 to 1347 
kJ/day in hens at 92 weeks of age. The anatomical or 
physiological sources of this variation merit further study for 
improving understanding of layer-hen energetics. Contrary 
to our hypothesis, DEE of hens with KBFs (1,024 ± 134 
kJ/day) did not differ significantly from the DEE of hens 
without KBFs (1,083± 189kJ/day; p=0.538); however, the 
two groups might allocate their daily energy intake differently 
(e.g., healing vs. egg laying), which will require further 
experimentation. Furthermore, our ongoing research seeks 
to compare the effect of age on the covariance between 
KBFs and energy metabolism by performing similar 
experiments in younger laying hens. 

49 A wing-assisted incline running exercise regimen 
during rearing benefits adult laying hens during aerial 
descent. Grace Hong*1, Bret Tobalske2, Nienke van 
Staaveren3, Emily M. Leishman4, Tina Widowski1, Donald 
Powers5, Alexandra Harlander6; 1University of Guelph, 
Animal Biosciences, Markham, Ontario, Canada; 2University 
of Montana, Division of Biological Sciences, Missoula, 
Montana, United States; 3University of Guelph, , Guelph, 
Ontario, Canada; 4University of Guelph, Animal 
Biosciences, Guelph, Ontario, Canada; 5George Fox 
University, Department of Biology, Newberg, Oregon, United 
States; 6University of Guelph, Guelph, Ontario, Canada. 

In chickens (layer hens), walking and running up inclines to 
reach elevated resources within aviaries is suggested to be 
a safe way to navigate 3-dimensional space by virtue of 
training skeletal muscles, thereby allowing better-controlled 

movement. During incline running, chickens will flap their 
wings to propel their bodies upwards in a locomotion called 
wing-assisted incline running (WAIR). The capacity of 
incline-based exercise to prevent injury and improve 
successful landings by enhancing skeletal muscle force 
production during aerial descent has not been systematically 
investigated. We explored this by training 41 white- and 41 
brown-feathered pullets from 3-21 weeks of age twice a 
week in two training groups: trained (WAIR) and untrained 
(CONTROL). WAIR birds ran up a 60° inclined ramp a 
minimum of 10 times until two consecutive runs had a 40% 
decrease in velocity relative to the fastest run (fatigue). The 
birds were housed in 8 pens with elevated platforms and 
perches under commercial management conditions with one 
treatment group per pen and approximately equal number of 
birds from each strain. At 37 weeks of age, 23 WAIR hens 
(10 white- and 13 brown-feathered) and 25 CONTROL hens 
(12 white- and 13 brown-feathered) underwent a flapping-
flight test where hens jumped from a height of 155 cm. A 
camera recorded their aerial descent from a lateral view. The 
lower beak was tracked in three frames using MATLAB to 
calculate the descent angle (°), take-off velocity (m/s), and 
acceleration (m/s2). Outcome variables were analyzed using 
generalized linear mixed models, where exercise training 
and strain were fixed effects, body weight was included as a 
covariate and pen as a random effect. No significant 
differences were detected between groups for descent 
angle. However, take-off velocities were significantly greater 
in WAIR-trained birds (2.5 versus 2.3 m/s; p = 0.0348), 
suggesting strengthened leg muscles. Producing sufficient 
force during take-off is critical for making quick, safe and 
efficient transitions to the air. In addition, the data showed 
significantly slower acceleration during descent in white-
feathered WAIR-trained birds compared to the other hens 
(2.1 versus 3.0 m/s2; p = 0.0300), which may indicate that 
WAIR enhanced the capacity for white-feathered birds, but 
not brown-feathered, to modulate their flight velocity. Slower 
acceleration prevents uncontrolled landings, which 
presumedly helps avoid keel bone fractures. Consequently, 
WAIR may assist in safer landings. Together, the data 
suggests that a WAIR program during rearing results in 
meaningful behavioural changes and health benefits that 
can lead to avoiding collisions in adult laying hens within 
commercial farm settings. 

50 The effect of laying hen strain on perching 
biomechanics and keel bone damage. Emily DePaoli*1, 
Doug Korver1, Clover Bench1; 1University of Alberta, 
Agricultural, Food and Nutritional Science, Edmonton, 
Alberta, Canada. 

A shift from conventional to alternative laying hen housing 
has led to higher incidences of keel bone damage (KBD) 
partly due to furnishings such as perches. KBD can lead to 
decreased egg production and quality, and negative 
affective states from pain. This study aimed to determine the 
impact of strain and perch shape on innate perching 
biomechanics at different ages. Secondly, to determine how 
strain effects KBD and bone composition. This experiment 
used a 6x2 factorial arrangement of treatments with 3D 
kinematic sampling conducted at 18, 29 and 70 weeks of 
age. Four commercial strains (Lohmann White, Shaver 
White, Lohmann Brown, ISA Brown) and two random-bred 
strains (Shaver Rhode Island Red and Antique White 
Leghorn) were studied (n=20/treatment). Laying hen 
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perching kinematics were evaluated on round and 
mushroom-shaped perches via 3D kinematic continuous 
video recording at 100 frames per second. Instability 
indicators while perching included movement speed (mm/s) 
and motion (mm) in the x- (side to side), y- (forward and 
backward), and z-axes (up and down). Dual x-ray 
absorptiometry assessed bone parameters (femur and keel 
bone mineral content and density) post-mortem. KBD 
severity was scored based on a visual assessment of 
excised keels on a scale of 1-5, with severe KBD being a 
score of 4 or 5. All results were analyzed using a GLMM 
(Proc Glimmix) in SAS, and P-values < 0.05 were 
considered statistically significant. Rhode Island Red had 
greater femur bone mineral density (P<0.001) and femur 
bone mineral content (P<0.001) than all other strains. 
Commercial white strains had lower keel bone mineral 
density than all other strains (P<0.001). In addition, Rhode 
Island Red had no severe KBD, while other strains 
presented with incidences of severe KBD ranging from 20-

67.74% (P<0.001). Notably, bone parameters were weakly 
negatively correlated with KBD severity (P<0.001). 
Kinematic analyses demonstrated that birds perching on 
round perches exhibited faster movements in both the y- 
(P<0.001) and z-axes (P<0.001) compared to birds on 
mushroom perches. Additionally, all white strains exhibited 
faster movements than all brown strains in both the y- 
(P<0.001) and z-axes (P<0.001). Random-bred strains 
moved more than commercial strains in the y-axis (P<0.01). 
KBD severity and kinematic metrics at 70 weeks of age were 
not correlated (P>0.10). Our results suggest that stronger 
femurs are indicative of stronger keels and less severe KBD. 
Round perches increased perching instability by contributing 
to faster movements while perching. Instability was seen in 
white strains and random-bred strains. In conclusion, perch 
shape and strain contribute to instability, and strain variation 
impacts bone parameters and KBD. 
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Student Competition: Processing and Products

51 Analysis of broiler blood metabolites and 
corticosterone prior to and following electrical and 
controlled atmosphere stunning. Montana Riggs*1, 
Charlene Hanlon1, Bethany Baker-Cook1, Alexandra 
Jackson2, Marco A. Reina Antillon3, Juan Figueroa1, 
Matthew Hughes1, Dianna Bourassa1; 1Auburn University, 
Poultry Science, Auburn, Alabama, United States; 2Auburn 
University, Poultry Science, Auburn, Alabama, United 
States; 3Auburn University, Poultry Science, Auburn, 
Alabama, United States. 

Controlled atmosphere stunning (CAS) is frequently 
perceived to have higher welfare than electrical stunning 
systems. To better understand the underlying physiology 
and welfare implications of these stunning practices, blood 
metabolites, corticosterone (CORT), and glucose of the 
birds need to be assessed before and after stunning. To 
investigate the potential changes in blood parameters, blood 
was collected from broilers at three timepoints for electrical 
stunning (ES, n=5) or four for CAS (n=5); 1) lairage, 2) pre-
stunning (PRE-S), 3) post-stunning (POST-S), and 4) 5 min 
post-stunning (5POST-S, CAS only). CORT was measured 
by ELISA. A CG8+ cartridge in an iSTAT Alinity v blood 
analyzer was used to analyze PCO2 (mmHg), pH, 
PO2 (mmHg), bicarbonate (HCO3-, mEq/L), base excess 
extracellular fluid (BEecf, mEq/L), oxygen saturation (sO2, %), 
total CO2 (TCO2, mEq/L), Na (mEq/L), K (mEq/L), iCa 
(mmol/L), glucose (mg/dL), hematocrit (%PVC) and 
hemoglobin (g/dL). Main effects of timepoint and stunning 
method were analyzed using ANOVA with SAS 9.4 with a 
significance at P≤0.05 and means were separated by 
Tukey’s HSD. CORT did not differ at any timepoint for ES or 
CAS broilers and did not differ between ES or CAS at any 
timepoint. There were no differences at lairage between ES 
and CAS for blood metabolites (P≥0.0956). During ES, PRE-
S (7.37) and POST-S (7.32; P=0.0051) had lower pH than at 
lairage (7.48). Na decreased from lairage (145.0) and PRE-
S (146.6) to POST-S (139.8; P=0.0006). iCa decreased from 
lairage (1.27) to POST-S (1.42 P=0.0104). During CAS, 
blood pH and BEecf decreased from lairage (7.53, 1.2) and 
PRE-S (7.45, 1.6) to POST-S (6.95, -10.2) and 5POST-S 
(6.87, -13.67; P<0.0001). As anticipated, PCO2 increased 
from lairage (28.98) and PRE-S (37.90) to POST-S (100.96) 
and 5POST-S (107.22; P<0.0001). HCO3- and Na 
decreased from PRE-S (25.76, 143.6) to 5POST-S (19.70, 
138.67) but were intermediate at lairage (23.82, 142.8) and 
POST-S (22.00, 142.6; P= 0.0426). SO2 decreased from 
lairage (88.8) and PRE-S (81.6) to 5POST-S (56.33) with 
POST-S intermediate (68.6; P=0.0070). K increased from 
lairage (6.24), PRE-S (6.40), and POST-S (7.52) to 5POST-
S (9.80; P<0.0001). iCa increased from lairage (1.294) to 
POST-S (1.468) but was intermediate at PRE-S (1.324) and 
5POST-S (1.380; P=0.0240). Glucose increased from 
lairage (178) and PRE-S (185) to POST-S (241) and was 
intermediate for 5POST-S (204; P=0.0024). The use of ES 
results in some blood metabolite changes while the use of 
CAS results in multiple significant changes. Determining the 
implications of these changes may lead to a better 
understanding of the physiological impacts of these stunning 
methods. 

52 The Use of Prosur PHR as a Phosphate Replacer 
in Tumble Marinated Chicken. Sarah Johnson*1, Devon E. 
Jackson1, Han-seok Seo2, Casey M. Owens1; 1University of 
Arkansas, Center of Excellence in Poultry Science, 
Fayetteville, Arkansas, United States; 2University of 
Arkansas, Food Science, Fayetteville, Arkansas, United 
States. 

The demand for natural and clean meat products, especially 
marinated chicken breast meat, is increasing due to 
society’s preferences. To determine the effectiveness of 
using a novel phosphate replacer composed of yeast and 
citrus extracts (Natural flavor PRS PHR; Prosur, Naperville, 
IL) for improving meat quality compared to ingredients used 
in typical poultry marinades was tested in an experiment. 
Broiler breast fillets were tumble marinated using tumble 
with a 15% target pickup. Treatments consisted of marinade 
formulas containing 0.75% NaCl (based on final product 
formulation) and one of the following: 0.5% sodium 
phosphate (CONTROL PHOS), 0.5% sodium phosphate + 
0.5% PHR (PHOS PHR), or 0.5% Natural flavor PRS PHR 
(PHR). Fillets were assessed in both fresh and after frozen 
storage and thawing (2 reps/n=30 fillets per treatment in 
each state) Fillet pH, color (L*, a*, b*), % pick-up, % purge 
(holding overnight after marination), % cook loss, Meullenet 
Owens Razor Shear force (MORSF), and consumer sensory 
analysis were assessed. Data was subjected to analysis of 
variance where ingredient treatment and fresh/frozen state 
served as main effects. There was no significant difference 
in marinade pickup among treatments. Post-marination, no 
differences were noted in L* value (P > 0.05), and 
CONTROL PHOS and PHR did not differ (P > 0.05) in a* or 
b*, but PHOS PHR had greater (P < 0.05) a* and b* than the 
other treatments. There was no significant difference in % 
purge among marination treatments though frozen fillets had 
a higher overall % purge (after thawing) than fresh fillets. 
PHR had a higher (P < 0.05) % cook loss than CONTROL 
PHOS and PHOS PHR which did not differ (P > 0.05) in the 
fresh fillets. However, PHR and CONTROL PHOS did not 
differ (P > 0.05) in the fillets that had been frozen but had 
greater (P < 0.05) % cook loss than PHOS PHR. There was 
no significant difference (P > 0.05) in MORSF suggesting no 
impact on tenderness. Consumer analysis of the CONTROL 
PHOS and PHR indicated no significant differences (P > 
0.05) in overall liking, texture liking, or flavor liking. Most 
consumers considered PHR and CONTROL PHOS as just 
about right for tenderness. The results suggest that the 
utilization of Prosur PHR as a clean label alternative for 
phosphate is possible by processors and consumers alike. 

53 Validation of a Novel, Interferometric-based, 
Sensing Technology for PAA Monitoring. Lance 
Barrett*1, Jie Xu1, Jordan Ash1, Walker Byrnes1, Olga 
Kemenova1; 1Georgia Tech Research Institute, Intelligent 
Sustainable Technology Division, Dallas, Georgia, United 
States. 

The poultry industry uses antimicrobial agents, including 
peracetic acid (PAA), in chiller tanks to control microbial 
loads on birds. The concentration of PAA in processing 
water is constantly monitored to ensure antimicrobial 
efficacy. Two methods are currently used by industry: 
colorimetry (using N, N-diethyl-p-phenylenediamine or DPD) 
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and redox titration. Both methods require manual sample 
collection and measurement. The accuracy of these 
methods are affected by turbidity and color in processing 
water. We at the Intelligent and Sustainable Technologies 
Division at the Georgia Tech Research Institute developed a 
PAA sensor using polymer chemistry and waveguide 
interferometry to automatically measure the concentration of 
PAA in poultry processing applications more accurately than 
current industry methods. The compact PAA sensor was 
previously lab-tested and shown to be sensitive with a 
detection limit below 1 ppm. The sensing chemistry showed 
no signs of decreased performance/sensitivity after 10 
sequential testing days. This year, the sensor was validated 
for repeatability, accuracy, and robustness at a local 
processing plant where immersion pre-chiller water samples 
were measured for PAA concentrations every hour during 
second shift (6AM-2PM). An analytical method, developed 
in-house, using gas chromatography-mass spectrometry 
(GCMS) was used to determine the accuracy of the two 
industry methods and the novel sensor. Results were 
analyzed using both ANOVA with subsequent Tukey test 
alongside paired sample T-tests (H0: µd-µ = 0; HA: µd ≠ 0). 
ANOVA test indicated that DPD and titration methods detect 
significantly higher levels of PAA in the water than GCMS 
and the PAA sensor. Results from the paired sample T-test 
between the GCMS and sensor, at a significance level of 
5%, failed to reject the null hypothesis and concluded that 
the sensor and GCMS measurements agree with one 
another. The null hypothesis from both the GCMS-titration 
and GCMS-DPD comparisons were rejected concluding that 
there is a statistically significant disagreement between the 
PAA concentrations in both cases. Overall, the automated, 
in-line, PAA sensor was able to monitor PAA levels in the 
complex, immersion chiller matrix with greater agreement to 
the GCMS method than its DPD and redox titration 
counterparts. 

54 Inhibition of Clostridium perfringens Spore 
Germination and Outgrowth by Vinegar during Cooling 
of Cooked, Organic Turkey Roast. Deepak Subedi*1, 
Bharath Mallavarapu1, Sujitha Bhumanapalli1, Jinquan 
Wang1, Harshavardhan Thippareddi1; 1University of 
Georgia, Poultry Science, Athens, Georgia, United States. 

Inhibition of C. perfringens spore germination and outgrowth 
during cooling in cooked, organic turkey roast by a vinegar-
based antimicrobial (vinegar) was evaluated. Organic turkey 
breast roast was formulated to contain various 
concentrations of vinegar (0.5, 1, and 2%), along with a 
control (without vinegar). The product (5 g) was portioned 
into vacuum bags and inoculated with a three-strain spore 
cocktail of C. perfringens to obtain an initial spore level of ca. 
2.5 log CFU/g. The inoculated product was vacuum 
packaged, heat treated for 20 min at 75°C (heat shock), 
placed in a water bath at 54.4°C for 10 min (equilibration), 
and cooled exponentially from 54.4°C to 4.4°C (cooling) 
within 9, 12, 15, 18 or 21 h. C. perfringens populations were 
enumerated after heat shock, equilibration, and cooling for 
each treatment. Three independent replications were 
performed for each of the five exponential cooling rates. 
Data were analyzed, and the results of each treatment were 
compared with ANOVA of GLM in SAS. Tukey’s test (α = 
0.05) was used to separate the means of the C. 
perfringens populations (log CFU/g). The inclusion of 
various concentrations of vinegar did not affect the pH and 
water activity of the product (p>0.05). C. perfringens spore 
populations after inoculation (2.31-2.95 log CFU/g) were 
similar (p>0.05) to those after heat treatment and 
equilibration. C. perfringens populations reached 3.34, 3.83, 
5.05, 5.25, and 5.67 log CFU/g (corresponding increases of 
0.58, 0.90, 2.47, 2.42 and 3.09 log CFU/g) within 9, 12, 15, 
18, and 21 h of cooling, respectively in turkey roast (control) 
without vinegar. Inclusion of vinegar at 2% was effective in 
inhibiting C. perfringens spore germination and outgrowth in 
organic turkey roast to <1.0 log CFU/g (0.57 log CFU/g) 
during abusive cooling of the product within 21 h and it is 
lower compared to the control (p≤0.05). Inclusion of vinegar 
in organic roast turkey formulation at 0.5 and 1.0% resulted 
in C. perfringens spore germination and outgrowth by 2.31 
and 2.40, 2.81 and 2.83, 2.64 and 2.75, 2.80 and 2.90 log 
CFU/g subsequent to cooling within 9, 12, 15 and 18 h, 
respectively. Inclusion of vinegar in organic turkey roast 
formulation can inhibit the germination and outgrowth of C. 
perfringens spores during abusive cooling.  
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Student Competition: Physiology and Reproduction

55 Differential expression of thyrotropic and 
somatotropic genes in undifferentiated and 
differentiated QM7 cells could alter their hormone 
responsiveness. Lauren A. Vaccaro*1, Addison L. Smith1, 
Laura Ellestad2; 1University of Georgia, Poultry Science, 
Athens, Georgia, United States; 2University of Georgia, 
Poultry Science, Athens, Georgia, United States. 

Thyroid hormones (THs) contribute to growth and metabolic 
regulation in vertebrates. Their effects are tissue-specific 
and modulated by a class of TH-metabolizing enzymes 
known as the deiodinases (DIOs) and nuclear TH receptors 
(THRs). Previously, we found that cultured Quail Muscle 
Clone 7 (QM7) cells responded differently when treated with 
triiodothyronine (T3) or thyroxine (T4). Thyrotropic and 
somatotropic gene expression in undifferentiated 
mononuclear cells and differentiated multinucleated cells 
was altered similarly in response to T3. However, 
differentiation state did impact effects of T4 on gene 
expression in these axes, which may be the result of 
differential gene expression profiles in undifferentiated and 
differentiated cells. Therefore, the objective of this study was 
to compare thyrotropic gene and somatotropic gene 
expression between undifferentiated and differentiated QM7 
cells, as well as determine effects of T3 or T4 on the same 
genes. Cells of both differentiation states were left untreated 
(n=16) or treated with 5 ng/mL T3 or T4 for 24 hours (n=4), 
and mRNA expression was determined by RT-qPCR. Data 
were analyzed using ANOVA, and post hoc means 
comparisons were made with the test of least significant 
difference when ANOVA indicated significance (P≤0.05). 
Indeed, undifferentiated cells typically showed an increase 
in thyrotropic and somatotropic mRNA levels in comparison 
to differentiated cells. Expression of growth hormone 
receptor (GHR), insulin-like growth factor 2 (IGF2), insulin-
like growth factor receptor (IGFR1), TH receptor alpha 
(THRA), IGFBP3, and DIO2 were higher in undifferentiated 
cells (P≤0.05). Differentiated cells exhibited 
greater IGFBP2 expression (P≤0.05). When evaluating the 
effect of T3 or T4, expression of DIO3, THR beta 
(THRB), GHR, IGFR1, and IGFBP5 were higher in cells 
treated with T3 than those treated with T4 or when left 
untreated (P≤0.05). Comparatively, mRNA levels 
of THRA were reduced in T3-treated cells compared to 
untreated cells (P≤0.05). These data indicate that 
undifferentiated QM7 muscle cells are more responsive to 
T3 than T4, which may be due to altered expression profiles 
of DIO enzymes. Further, undifferentiated QM7 cells 
exhibited increased expression of several receptors, 
indicating they are likely more responsive to somatotropic 
and thyrotropic hormonal signaling. 

56 Changes in pH alters yolk and albumen 
mobilization during chicken embryonic 
development. Asad Ali Khaskheli*1, Shahram Niknafs1, 
M.M.Y Meijer1, Peter R. Ferket2, Eugeni Roura1; 1The 
University of Queensland, Queensland Alliance for 
Agriculture and Food Innovation (QAAFI), Brisbane, 
Queensland, Australia; 2North Carolina State University, 
Prestage Department of Poultry Science, Raleigh, North 
Carolina, United States. 

The albumen and the yolk are the two main nutrient sources 
for the developing chicken embryo. Our previous study 
confirmed that yolk and albumen had different pH profiles 
that change as the embryo develops. Albumen pH 
progressively declines from 9.21 on embryonic development 
(E) day 0 (E0) to 7.18 on day 17.5 (E17.5). In contrast, yolk 
pH increased from 6.67 (E0) to 8.046 (E15), but then 
declined to 6.88 on E19.5. Nutrient mobilization from egg 
albumen and yolk is tightly controlled by catabolic enzymes 
phospholipase A2, aminopeptidase N and sucrase 
isomaltase, and enzyme activity rates are highly dependent 
on the pH. We hypothesize the activity of enzymes 
hydrolysing nutrients present in egg albumen and yolk is 
highly correlated to the compartmental pH. 
To assess the impact of pH changes in yolk and albumen 
mobilization, the pH of albumen or yolk was altered to their 
final pH prior to hatching of 7.18 or 6.88 respectively, using 
citric acid as an acidifier. Acidification was applied at three 
timepoints for albumen (E13 -T1-, E15 -T3-, and E17 -T5-) 
and four timepoints for yolk (the same timepoints as albumen 
T7, T9, and T11, and also E19 -T13-, respectively). Every 
timepoint by tissue also had a control treatment (T2, T4, T6, 
T8, T10, T12, and T14), resulting in 14 treatment groups (T1-
T14) of 6 eggs each. In addition, 6 spare eggs were used for 
recording albumen and yolk weight at E0. Following altering 
pH on E13, E15, E17 and E19, eggs were incubated for 24 
hours on standard incubation conditions when albumen and 
yolk weight were recorded. Albumen and yolk utilization was 
calculated by subtracting albumen and yolk weight on E14, 
E16, E18 and E20 from initial weight (albumen and yolk 
weight on E0). Data was analysed using T test comparing 
before and after 24 h injection using IBM SPSS Statistics 
version 28. Albumen weight in the citric acid treated groups 
T1 (3.78g) and T3 (1.00g) was significantly (P < 0.001) lower 
than the respective controls T2 (6.43g) and T4 (2.08g). 
Similarly, acidification increased yolk mobilization as shown 
by a significant difference in yolk weight in groups T7, T9, 
T11 and T13 (14.48, 10.91, 12.67, and 9.86 g, respectively) 
than the corresponding control groups T8, T10, T12, and 
T14 (15.55, 14.41, 14.87, and 11.99, respectively). Embryos 
in groups T1 compared to T2 (35.62 vs 32.97) and T3 
compared to T4 (38.40 vs 37.32) utilized more albumen 
(P<0.001). The yolk utilization was significantly higher in 
group T7 (6.93) compared to T8 (5.28), T9 (7.92) compared 
to T10 (4.42), T11 (6.16) compared to T12 (3.97) and T13 
(8.97) compared to T14 (6.84) (P<0.001). Evidently, 
acidifying to their final pre-hatching pH facilitates albumen 
and yolk mobilization in broiler chicken embryos. 

57 Increased adrenal response to ACTH in F1 Pekin 
ducks raised from parents that experienced heat 
stress. Esther M. Oluwagbenga*1, Jenna M. Schober2, 
Victoria K. Tetel3, Gregory S. Fraley4; 1Purdue University, 
Animal Sciences, West Lafayette, Indiana, United 
States; 2Purdue University, Animal Science, Lafayette, 
Indiana, United States; 3Purdue University, Animal Science, 
West Lafayette, Indiana, United States; 4Purdue University, 
Animal Sciences, West Lafayette, Indiana, United States. 

The effects of heat stress on welfare of poultry have been 
reported to have a transgenerational effect on phenotypic 
plasticity. The goal of our experiment was to determine if 
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parental exposure to heat stress would impair performance, 
hypothalamic pituitary adrenal (HPA) axis response, welfare, 
or behavior of their offspring. To achieve these goals, we 
treated adult drakes and hens at peak lay to heat stress 
(35oC for 9h/day and 29.5oC for the remaining 15h/day) or 
control temperature (220C) for 3 weeks and incubated eggs 
were collected from the last 3 days of the experiment. A total 
of 76 ducklings were placed into pens from each parental 
treatment group: control (CON-F1) and heat stress (HS-F1, n 
= 76 per group) and raised as grow-out ducks. Weekly data 
for body weights and body condition scores [(BCS) footpad 
quality, eyes, nostrils, feather cleanliness and feather 
quality] were collected weekly. At 3 weeks of age, ducks (n 
= 6 per treatment group) were subjected to 
adrenocorticotropic hormone (ACTH/cosyntropin, 0.0625 
mg/kg) challenge or vehicle as control. Blood samples were 
collected from the metatarsal vein into serum-separator 
tubes at 0, 1, 2, 3, and 4 hours relative to treatment for the 
determination of serum glucocorticoids. Blood smears were 
also produced from these same samples to determine 
heterophil to lymphocyte ratios (HLR). All injected birds were 
euthanized with pentobarbital on the second day relative to 
ACTH administration, spleen and bursa were removed and 
weighed immediately. Duck level analyses were completed 
using 1-, or 2 -way ANOVA as appropriate. BCS were 
analyzed using a chi-squared test. We observed that HS-
F1 had a lower hatch weight (P < 0.05) compared to CON-
F1, however, growth rates during the 5-week grow-out period 
were not significantly different between the two flocks. No 
significant differences in the BCS and relative organ weights. 
An ACTH stimulation test showed that the HS-F1 ducks had 
significantly (p < 0.05) heightened corticosterone and HLR 
responses compared to CON-F1 ducks. The HS-F1 showed 
altered baseline and ACTH-stimulated levels of cortisol 
compared to controls. Our data suggest that parental 
exposure to heat stress impacts the HPA response of the 
F1 generation in Pekin ducks. 

58 Epigenetic programming of hypothalamic circuits 
by in-ovo green light photostimulation on broilers’ 
growth and development. Joanna Bartman*1, Ron Weiss1, 
Hadar Parnas1, Natalie Avital-Cohen1, Tali Rosenberg1, 
Israel Rozenboim1, Asaf Marco1; 1The Hebrew University of 
Jerusalem, Animal Science, Rehovot, Israel. 

The incubation period makes up more than a third of modern 
broilers' life span, making it a crucial stage in broiler 
production. During this period, embryonic environmental 
factors play a significant role in shaping hypothalamic 
functions that regulate metabolism, feeding behavior, and 
growth. Recent studies have shown that in-
ovo photostimulation with monochromatic green light, 
especially during the last three days of incubation, improves 
broiler growth and performance. However, the molecular 
mechanism underlying this phenomenon remains unknown. 
In this study, we aim to explore the mediation between 
external green light photostimulation and hypothalamic 
developmental and growth pathways. 150 Ross 308 fertile 
broiler eggs were incubated under four different lighting 
regimes: no lighting (Control), green light illumination 
throughout the 21-day incubation period (Green Full), white 
light illumination throughout the 21-day incubation period 
(White Full) and green light illumination during the last three 
days of incubation (Green 3 Days). At day of hatch, 
hypothalami from all chicks along with full brains for 

immunofluorescent staining were collected. We used 
quantitative real-time PCR (qPCR) analysis to measure 
mRNA expression levels of growth, development, 
photoreception, and appetite-controlling genes. Additionally, 
chromatin immunoprecipitation (ChIP)-qPCR analysis was 
preformed to establish the binding levels of H3K27AC on the 
transcriptional sites of targeted genes. H3K27AC is an 
epigenetic modification to the DNA packaging protein 
histone H3, which is associated with the higher activation of 
gene transcription and therefore defined as an active 
enhancer mark. The results showed a significant increase in 
the expression of several hypothalamic genes connected 
directly and indirectly to body growth, 
including GHRH and AgRP in the Green 3 Days group (P < 
0.04). Additionally, ChIP-qPCR analysis showed that 
H3K27ac was enriched at the transcriptional sites of these 
genes in the same treatment group. These results suggest 
that short photostimulation during the last three days of 
incubation leads to chromatin conformational changes that 
enhance the transcriptional activity of growth-promoting 
genes in the hypothalamus and provide evidence for the 
epigenetic programming of hypothalamic circuits by in-ovo 
green light photostimulation during the incubation period. 
Furthermore, they have important implications for poultry 
production as they suggest that embryonic environmental 
factors may have a trans-generational effect that can be 
used to enhance production efficiency and sustainability. 

59 Sustained probiotic supplementation promotes 
myogenesis and muscle growth in broiler 
chickens. Yuying Ren*1, Sarah Reed1, Mary Anne 
Amalaradjou1; 1University of Connecticut, Animal Science, 
Storrs, Connecticut, United States. 

In chicken, skeletal muscle is the largest contributor to mass 
and is directly related to meat production. Skeletal muscle 
mass is determined by the number of muscle fibers and 
muscle hypertrophy. Since muscle fiber number is set at 
hatch, targeting embryonic myogenesis is crucial to improve 
muscle mass and yield. Production of more muscle fibers 
during embryonic growth would provide for a greater 
myofiber number at hatch and potential for greater post-
hatch muscle growth by hypertrophy. Towards this our 
previous study indicated that in-ovo probiotic 
supplementation increased myofiber number in the 
embryos. Further, sustained in-feed probiotic 
supplementation improved broiler growth and performance. 
As a follow-up, the present study investigated the effects of 
sustained probiotic supplementation on muscle growth and 
development in broiler chickens. Sustained supplementation 
of L. paracasei DUP-13076 and L. rhamnosus NRRL- B-442 
promotes myogenesis and muscle growth thereby resulting 
in improved meat yield in broiler chicken. For the study, 180 
one-day old Ross 308 chicks were randomly assigned to 
three groups (104 birds/group). The probiotic groups 
received a daily in-feed supplementation of either L. 
paracasei DUP-13076 (LP) or L. rhamnosus NRRL- B-442 
(LR; 9 log CFU/g feed) for the entire duration of the study 
while the control received none. On day of hatch, week 1, 
week 3, and week 6, ten birds were sacrificed, breast yield 
was recorded and pectoralis major muscle (PMM) was 
collected for histology. Muscle sections were stained and 
imaged to quantify muscle fiber density (MFD, MF/mm2), 
myofiber cross-sectional area (CSA), and nuclei density. 
The study was set out as a completely randomized design 
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and data were analyzed using GraphPad (Version 9.3.1) 
with p<0.05 considered as significantly different. Our results 
demonstrate that sustained probiotic supplementation 
significantly improved muscle growth and breast muscle 
yield throughout the post-hatch phase (p<0.05). Specifically, 
at market age, LR and LP supplementation improved breast 
weight by 21-27% when compared to the control. In addition, 
probiotic supplementation consistently resulted in smaller 
CSA and increased MFD and nuclei number in the PMM of 
these birds. For instance, in the hatchling, myofiber density 
in the probiotic groups was 67-71 MF/mm2 when compared 
to 52 MF/mm2 in the control. In summary, probiotics 
promoted muscle growth and development thereby 
improving meat yield in broilers. Hence, sustained probiotic 
supplementation could be employed to promote meat 
production and yield in broilers. 

60 Tracking of bone mineral parameters using DEXA 
and MicroCT scans in two different broiler strains Cobb 
500 and Ross 708 for 42 days. Doyun Goo*1, Hanyi Shi1, 
Milan K. Sharma1, Jihwan Lee1, Guanchen Liu1, Deependra 
Paneru1, Janghan Choi1, Woo K. Kim1; 1University of 
Georgia, Department of Poultry Science, Athens, Georgia, 
United States. 

Fast-growing chickens are prone to various health problems 
in their bones that need to support their weight due to rapid 
muscle gain. Therefore, our purpose was to help understand 
bone health by tracking 42 days of bone mineral parameters 
in fast-growing chickens. A total of 400 0-d-old male broiler 
chickens were allotted to 2 groups (Cobb 500 and Ross 708) 
with 10 replicates. For the sampling, 10 chickens closest to 
the body weight (BW) of the Cobb 500 or Ross 708 
management guide were selected (n = 10) and used for 
weekly sampling (d 0, 7, 14, 21, 28, 35, and 42). The 
experiment lasted for 42 days, and 3-phase corn-soybean 
meal-based feeds and water were provided by ad libitum. 
The chickens were euthanized by CO2 asphyxiation, and 
bone mineral density (BMD) and bone mineral contents 
(BMC) were measured by Dual Energy X-ray Absorptiometry 
(DEXA). Subsequently, the tibia, humerus, and keel bone 
were separated and cleaned, and diaphysis cortical BMD 
(dcBMD), diaphysis cortical BMC (dcBMC), total BMD 
(tBMD), and total BMC (tBMC) were measured by Micro-
Computed Tomography (microCT). Because the BW of the 
management guides and BW results in the current study 
were all suitable for the sigmoid curve model (R2 = 0.999), 
we selected Gompertz 3 parameters model 
(y = a × exp{−exp[−b × (x − c)]} instead of polynomial 
models, and all statistical procedures were performed using 
JMP Pro 16 software. Results showed that the BMD of Cobb 
500 and Ross 708 increased from 0.052 to 0.223 
g/cm2 (R2 = 0.963) and 0.055 to 0.219 g/cm2 (R2 = 0.950), 
respectively. The BMC of Cobb 500 and Ross 708 increased 
from 0.52 to 43.81 g (R2 = 0.985) and 0.60 to 43.55 g (R2 = 
0.983), respectively. The femur dcBMD of Cobb 500 and 
Ross 708 increased from 0.664 to 1.140 g/cm2 (R2 = 0.681) 
and 0.612 to 1.163 g/cm2 (R2 = 0.790), respectively, and 
dcBMC of Cobb 500 and Ross 708 increased from 2.7 to 
665.6 mg (R2 = 0.985) and 3.2 to 672.6 mg (R2 = 0.975), 
respectively. The humerus dcBMD of Cobb 500 and Ross 
708 increased from 0.293 to 1.210 g/cm2 (R2 = 0.775) and 
0.343 to 1.262 g/cm2 (R2 = 0.873), respectively, and dcBMC 
of Cobb 500 and Ross 708 increased from 1.0 to 442.5 mg 
(R2 = 0.977) and 1.0 to 461.5 mg (R2 = 0.968), respectively. 

The keel bone tBMD of Cobb 500 and Ross 708 ranges from 
0.373 to 0.470 g/cm2 (R2 = 0.910) and 0.362 to 0.467 
g/cm2 (R2 = 0.827), respectively, and tBMC of Cobb 500 and 
Ross 708 increased from 1.6 mg to 1,026 mg (R2 = 0.960) 
and 1.1 to 1,035 mg (R2 = 0.964), respectively. In 
conclusion, all BMD and BMC data showed high levels of 
model suitability, and both fast-growing strains showed very 
similar results. 

61 Effect of ultra-fine oxygen bubble water 
supplementation on production performance and 
jejunal proteome of broiler chickens. Atul Walunj*1, 
Trushenkumar Shah Sr1, Chetna T. Shah1, Chen Zhu1, Ana 
l. Rodrigues1, Jodie T. Allen1, Brindhalakshmi 
Balasubramanian1, Abhinav Upadhyay1; 1University of 
Connecticut, Animal Science, Storrs, Connecticut, United 
States. 

The exceptional productivity of broiler chickens is attributed 
to their intestinal epithelium's high capacity for nutrient 
absorption. Digestion and absorption of the feed nutrients is 
done by the villous tip enterocytes under physiologic 
hypoxia. Physiologic hypoxia is implicated in accelerated 
enterocyte apoptosis resulting in suboptimal nutrition 
absorption. Therefore, increased oxygenation of intestinal 
villi could translate into improved enterocyte functioning 
such as greater nutrient absorption, reduced enterocyte 
apoptosis decreasing epithelial cell turnover. This study 
investigated the effect of supplementing poultry drinking 
water containing ultra-fine oxygen (UFO2) bubbles on the 
production parameters in broiler chickens. 
UFO2 bubble water was generated at 25oC by passing pure 
oxygen gas at 90 PSI for 15 min in a nano-bubble generator. 
Size distribution and concentration of the UFO2 bubbles was 
determined along with dissolved oxygen levels using DO 
meter and Nanosight 300. 120 one-day-old Cornish cross 
chicks were randomly distributed into two groups with three 
replicates each (20 chicks/replicate). All chicks were 
given ad-libitum normal water (control) or UFO2 bubble 
water for 21 days. Weekly feed, water consumption and 
body weight were recorded. On D21, birds were sacrificed, 
and small intestines were collected for relative weight and 
jejunal proteome analysis. Data was analyzed using t-test (p 
< 0.05). Extracted jejunal proteins were quantified and 
subjected to LC-MS/MS analysis followed by matching MS 
spectra to Gallus gallus (Uniprot reference ID 
UP000000539). Proteomics data was analyzed using Fisher 
Exact test (P< 0.05) with Benjamini-Hochberg correction in 
scaffold-5. The dissolved oxygen in UFO2 water was ~3.5 
times higher (27.2 mg/L) than the control water (7.4 mg/L) 
(P < 0.05). The UFO2 bubble size was ~ 178.18 nm with 
concentration of 2.1 x 108 /ml of UFO2 water. UFO2 water 
supplementation did not adversely affect the feed and water 
consumption of the birds when compared to control (P > 
0.05). UFO2 water supplemented birds had a higher relative 
weight of the small intestine as compared to the control (P < 
0.05). The feed conversion ratio of UFO2 water 
supplemented group was lower than that of the control group 
at D21 (P < 0.05). Proteomics analysis indicated presence 
of 25 unique proteins in UFO2 water group and 114 proteins 
unique to the control group. Proteins uniquely expressed in 
UFO2 water group may be implicated in mitochondrial ATP 
production, enterocyte proliferation and Anti-apoptosis. 
Ultra-fine oxygen bubble water may potentially be used for 
improving broiler production performance. 
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62 Relationship between eggshell translucency and 
color intensity with egg quality parameters on broiler 
eggs. Leticia A. Orellana Galindo*1, Cesar Escobar Lobo2, 
Vianca M. Tashiguano Encalada1, James Krehling1, 
Matthew A. Bailey3, Ken Macklin5, Wilmer J. 
Pacheco4; 1Auburn University, Poultry Science, Auburn, 
Alabama, United States; 2Auburn University, Poultry 
Science, Auburn, Alabama, United States; 3Auburn 
University, Poultry Science, Auburn, Alabama, United 
States; 4Auburn University, Poultry Science, Auburn, 
Alabama, United States; 5Mississippi State University, 
Poultry Science, Starkville, Mississippi, United States. 

Eggshell quality is one of the factors that has been linked to 
hatchability for several years. Recently, eggshell's 
translucency and color intensity were reported to also impact 
hatchability. The aim of this study was to describe any 
potential relationships between eggshell translucency and 
color intensity on eggshell and internal egg quality. A total of 
270 eggs from Ross 708 breeder hens (52 weeks-old) were 
selected based on eggshell translucency level (1=low, 
2=medium, 3=high) and color intensity (dark, medium, and 
light). For the evaluation of translucency, a subjective 
scoring system was used based on the amount, size, and 
coverage of spot areas or mottling in the eggshell. Eggs 
were also subjectively classified by color intensity and the 
difference in L-value was confirmed using an electronic 
colorimeter. The Egg Tester Ultimate was used to evaluate 
egg weight, height, strength, shell thickness, Haugh Units 
(HU), and yolk color. Data were analyzed using the 
GLIMMIX procedure of SAS (V 9.4) and Tukey’s HSD test 
was performed to separate means. Significant difference 
was considered between the means when P≤0.05. Results 
showed that translucency did not affects egg weight, 
strength, and yolk color (P>0.05). Low translucent eggs 
(score of 1) had an eggshell 0.4 g lighter (P=0.0017), 12 µm 
thinner (P=0.0207) and 0.4% less dense (P=0.0002) than 
high translucent eggs (score of 3). Low translucent eggs 
were also 0.4 cm taller (P=0.0077) than medium translucent 
eggs (score of 2). Regarding color intensity, the difference in 
L-value was statistically confirmed (P<0.0001) dark = 76.61, 
medium = 82.03 and light = 86.86. Results showed no effect 
of color intensity on HU value and yolk color (P>0.05). Dark 
colored eggs had 2.86 g heavier eggs (P=0.0002), 0.47 g 
heavier eggshell (P<0.0001), 11 µm thicker eggshells 
(P=0.0293), 0.4% more dense eggshell (P<0.0001), and 
0.47 Kg greater eggshell strength (P=0.0016) than light 
colored eggs. No interaction was observed between 
translucency and color intensity in any of the parameters 
analyzed (P>0.05). It was concluded that high translucent 
and dark colored eggs positively influenced eggshell quality 
parameters. 

63 Comparison of bell drinkers and gender specific 
nipple-type drinkers, without catch cups, on broiler 
breeder fertility and egg production. Emmillie Boot*1, 
Rebecca Wysocky1, Ramon D. Malheiros1; 1North Carolina 
State University, Prestage Department of Poultry Science, 
Raleigh, North Carolina, United States. 

The objective of this study was to compare the fertility of 
broiler breeders with access to either bell drinkers or 
Ziggity’s Big Z breeder concept of dedicated and gender 
specific nipple-type drinkers. Ziggity’s PN 2448 male 
drinkers and PN 2449 female shielded drinkers were used in 

this study. The Big Z systems do not require the use of 
catch/drip cups that are commonly used in the broiler 
breeder industry. A total of 952 hens and 168 roosters at 26 
weeks of age, were split in half and allocated to pens with 
either bell drinkers or male and female Big Z drinkers for the 
production cycle of the flock. Eggs were collected twice daily 
and recorded to evaluate the average number of eggs laid 
throughout the trial. All birds were provided equal amounts 
of feed daily. At 45, 52, and 64 weeks of age, 12 eggs were 
set from each pen and incubated for 10 days, then candled, 
to determine egg fertility. In weeks 63 and 64, semen was 
also collected four times from 24 roosters (12 replicates per 
treatment) and analyzed immediately after, using the SQA-
Vt™ Automated Sperm Quality Analyzer. All data was 
analyzed via one-way ANOVA in JMP Pro 15.1 with a 
significance level of P≤0.05. While not statistically 
significant, hens in the Big Z drinker treatment laid 5.6 more 
eggs on average throughout the production phase. Egg 
fertility percentage was not statistically different at 45 or 52 
weeks of age, but at 64 weeks of age the percentage of 
fertile eggs laid from the Big Z drinker group was significantly 
higher (P=0.0335). Sperm motility tended to be higher from 
roosters with access to Big Z drinkers compared to roosters 
housed with bell drinkers (p=0.0597). Because egg fertility 
was higher in the Big Z drinker treatment group at the end of 
the production cycle, this indicates that using Big Z drinkers 
would be a helpful management tool for farms to extend the 
lay cycle while still producing fertile eggs. 

64 Evaluating the impact of selection for water 
conversion ratio on egg production and 
hatchability. Kirsten M. Shafer*1, Maricela Maqueda1, 
Natalie Johnson1, Travis Tabler1, Sara 
Orlowski1; 1University of Arkansas, Poultry Science, 
Springdale, Arkansas, United States. 

Freshwater scarcity is quickly becoming a harsh reality as 
the world population grows and global temperatures 
continue to rise. Finding ways to decrease freshwater usage 
is imperative for creating a sustainable future. Agriculture, 
including poultry production, accounts for a significant 
portion of worldwide total freshwater usage. As the poultry 
industry continues to increase in production, it is important 
to investigate novel ways to reduce freshwater usage both 
in production and at the processing plant. One such method 
is genetic selection for water efficiency. Two lines have been 
divergently selected for high (HWCR) and low (LWCR) water 
conversion ratio for 4 generations. As selection for improved 
water use efficiency has been proven possible with the 
LWCR line, understanding the impact of selection on other 
economically important traits such as egg production is 
necessary. The current study aimed to investigate the 
impact of selection for water conversion ratio on total egg 
production and hatchability. Three lines were utilized in this 
study including the LWCR and HWCR selected lines as well 
as the modern random bred control population (MRB) from 
which the lines were developed. Total daily egg collection 
was recorded for 36 females per line from lighting at 22 
weeks through 50 weeks. Additionally, eggs from a 2-week 
pedigreed egg collection were individually weighed and 
placed in an incubator for 17 days. At embryonic day 17, 
eggs were candled, non-viable eggs removed, and all viable 
eggs were re-weighed. Chick weights were recorded at 
hatch and all unhatched eggs were categorized as infertile, 
early-, mid-, or late-dead embryos. Data were analyzed 
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using JMP 16.0 by a one-way ANOVA with a significance 
value of P≤0.05. No differences were observed for total eggs 
laid per hen (P=0.5129). Egg weights at set were not 
different, however, chick weights were heaviest in the LWCR 
line (43.68g), lightest in the HWCR line (42.87g) while the 
MRB line acted as an intermediate (42.83g). Between the 
three lines, there was no significant difference in % infertile, 
% early dead, % mid-late dead, % hatchability, and % hatch 
of fertile. The results of this study suggest that selection for 
improved water efficiency has not had a negative impact on 
egg production or hatchability and remains a possible trait of 
interest for primary breeder companies. 

65 Validating the use of dual-energy x-ray 
absorptiometry for body composition determination in 
layer pullets. Sierra Schaus*1, Esha Pandya1, Clara J. 
Ziezold1, Gregoy Y. Bedecarrats1; 1University of Guelph, 
Animal Biosciences, Guelph, Ontario, Canada. 

Dual-energy x-ray absorptiometry (DXA) scanners use x-ray 
beams of two different energy levels (38 keV and 70 keV) to 
determine tissue density in a subject. These beams are 
differentially absorbed by the various body components. The 
energy beams that return to the scanner are analyzed, and 
each pixel is designated a density that is assigned to a type 
of tissue, allowing for body composition to be determined. 
The low radiation dose from each DXA scan allows it to be 
used to repeatedly scan chickens during longitudinal 
studies. This technique has now been routinely used to 
determine the body composition in chickens. However, the 
DXA machine was initially developed for the purposes of 
scanning humans, and while programs have been 
developed to adapt the system for small animals, there is not 
a specific program developed for its use on chickens. This 
study aimed to test the accuracy of the DXA techonology to 
monitor body composition changes in two strains of layer 
pullets, Lohmann LSL lite (n=44) and ISA Brown (n=28) from 
4 weeks of age (woa) until 22 woa. At 4, 8, 12, 16, 20 and 
22 woa, a sample of birds (n=5-8) were scanned under 
restraint using the Lunar Prodigy DXA scanner and the 
EnCore (GE Healthcare, Version 16) software. After the live 
scans, birds were euthanized and rescanned to determine 
any effects on DXA results. Furthermore, it was previously 
suggested that the presence of feathers may impact the 
accuracy of the DXA scans. Thus, to examine the impact of 
feathers on the DXA results, the same birds were scanned 
once more with their feathers removed. Results show that 
scans on alive or dead animals significantly impacted DXA 
reading for all parameters measured (p<0.01). Furthermore, 
the presence of feathers significantly impacted the fat 
content (p<0.001) only.Thus, our data suggest that using 
DXA as a tool to measure body composition in live animals 
versus carcasses may not be accurate and feather do 
interfere with estimation of fat content. 

66 Evaluation of supplementation with AlphaD3™ on 
renal regulation of calcium and phosphorus 
homeostasis during early and mid-peak egg production 
in laying hens. R. Alejandra Garcia*1, Micaela Sinclair-
Black1, Rachel Dukarski1, Rosalina Angel2, Bibiana 
Jaramillo4, Xabier Arbe3, David Cavero3, Laura 
Ellestad1; 1University of Georgia, Poultry science, Athens, 
Georgia, United States; 2University Of Maryland, Animal and 
Avian Sciences, College Park, Maryland, United 

States; 3H&N International, Bangkok, Thailand; 4Iluma 
Alliance, Durham, North Carolina, United States. 

The kidney plays a crucial role in regulating calcium (Ca) and 
phosphorus (P) homeostasis in laying hens, primarily by 
ensuring these minerals are available for eggshell formation 
and bone mineralization. Renal mineral homeostasis is 
influenced by the active form of vitamin D3 (VD3), 
1,25(OH)2D3, which regulates expression of Ca and P 
transporters in this tissue. Over time, hens become less 
efficient at activating dietary VD3, leading to inadequate 
eggshell formation and cortical bone depletion. To 
understand effects of age on VD3 metabolism and Ca and P 
homeostasis, targeted nutritional strategies aiming to 
improve VD3 activation need to be evaluated. This study 
sought to determine the effect of supplementing 1α-
hydroxycholecalciferol (AlphaD3™, Iluma Alliance) on gene 
expression associated with renal Ca and P transport during 
early and mid-peak production. Kidney tissue was collected 
from Nick Chick hens (H&N International) at 25 and 43 wks 
of age at 1.5, 6, 15, and 21 hours post-oviposition (HPOP). 
Hens were fed either a Control (2000 IU/kg VD3) or Control 
diet supplemented with AlphaD3 (3.5 μg/kg; n=8 
hens/age/diet/HPOP). Levels of mRNA related to 
VD3 metabolism and Ca and P utilization were determined 
by qPCR. Data were analyzed by ANOVA and Fisher’s LSD 
test when ANOVA indicated significance (P≤0.05). There 
were no significant 3-way age-by-diet-by-HPOP interactions, 
and only the parathyroid hormone receptor PTH1R exhibited 
a diet-by-HPOP interaction, where AlphaD3-fed hens had 
higher levels at 1.5 HPOP (P≤0.05). Significant main effects 
of age or HPOP were observed for other genes. Vitamin D 
receptor, its heterodimeric partners retinoid-X-receptors 
alpha and gamma, calcium sensing receptor (CASR), and 
several transport proteins required for renal Ca reabsorption 
(NCX1, TRPV6, and calbindin) or P excretion (PiT-2) all 
increased at 43 wks (P≤0.05), while other Ca (PMCA1) or P 
(NaPilla) transporters decreased at this age (P≤0.05). The 
kidney-specific Ca transporter TRPV6 had higher 
expression at 15 HPOP (P≤0.05), while expression of 
several P transporters (PiT-1, PiT-2, and NaPilla) linearly 
increased from 1.5 to 15 HPOP (P≤0.05) and either 
decreased at 21 HPOP (PiT-2 and NaPilla) or remained 
elevated (PiT-1). Results indicate greater renal response to 
1,25(OH)2D3 and CASR sensitivity during mid-peak 
production. Likewise, greater renal capacity to reabsorb Ca 
for eggshell formation could be predicted at this time. Excess 
P generated from bone breakdown is likely excreted at 15 
HPOP, when eggshell formation occurs at the highest rate. 
Indicated by expression of PTH1R early post-oviposition, 
AlphaD3 supplementation may improve sensitivity to 
parathyroid hormone and ultimately renal Ca reabsorption. 

67 Genetic strain and rearing housing influence 
tibiotarsal mechanoresponse to controlled in 
vivo loading. Isabela Vitienes*1,2, Catherine Julien2, Sara 
Kavari2, Ana K. Rentsch3, Tina Widowski3, Russell Main4,5, 
Bettina Willie1,2; 1McGill University, Biological and 
Biomedical Engineering, Montreal, Quebec, 
Canada; 2McGill University, Faculty of Dental Medicine and 
Oral Health Sciences, Montreal, Quebec, 
Canada; 3University of Guelph, Animal Bioscience, Guelph, 
Ontario, Canada; 4Purdue University, Weldon School of 
Biomedical Engineering, West Lafayette, Indiana, United 
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States; 5Purdue University, Department of Basic Medical 
Sciences, West Lafayette, Indiana, United States. 

Bone mass and microstructure is improved in white- but not 
brown-feathered pullets reared in aviaries compared to 
those reared in conventional cages. White pullets are 
significantly more active compared to brown pullets, 
suggesting their increased bone health may be attributed to 
their increased activity levels. Whether differences in bone 
mechanoresponse also contributes remains unclear. We 
therefore measured the effect of controlled in vivo loading on 
tibiotarsal (TBT) microstructure to determine whether the 
mechanoresponse is influenced by strain and/or rearing 
housing. Lohmann Brown Lite (B) and Lohmann Selected 
Leghorn Lite (W) pullets were reared in either conventional 
cages (Cage) or two aviary rearing systems of low (Low) or 
high (High) complexity. At 14 woa, we sampled 48 birds 
(n=7/strain/housing) and subjected them to daily sessions of 
controlled in vivo axial compressive loading to the right 
tibiotarsus (170N, 4 Hz, 216 cycles/day, 5 days/week), with 
the left side serving as a non-loaded internal control. After 2 
wks, pullets were euthanized, and TBT were microCT-
imaged (9mm voxel size) to assess mid-diaphyseal cortical 
and medullary bone microstructure. Data was analyzed by 
repeated measures ANOVA, Tukey’s post-hoc tests, and 
pairwise t-tests, with significance at p<0.05. Compared to 

the non-loaded limb, we observed lower structural 
parameters in the loaded limbs of B Low (Ct Ar: cortical area, 
T.Ar: total area, Ct.TMD: cortical tissue mineral density, 
Ct.Imax: maximum second area moment, Ct.J: total second 
area moment, Md.TMD: medullary tissue mineral density), B 
High (Md.BV/TV: medullary bone volume fraction), W 
Cage (Ct.Th: cortical thickness, Ct.Ar, T.Ar, Ct.Ar/T.Ar: 
cortical area fraction, Ct.Imin: minimum second area 
moment, Md.TMD, Md.BV/TV), W Low (Md.BV/TV) and W 
High (T.Ar). The effect of loading on Ct.Th was influenced by 
strain and housing: loading led to lower Ct.Th in W chickens 
but not B, when reared in Cage but not Low or High. The 
effect of loading on medullary bone parameters was 
influenced by strain. Our results surprisingly show a negative 
effect of in vivo loading on bone microstructure in both 
cortical and medullary bone. Further analysis of 
microstructure at different regions along the TBT, and of 
bone mineralization rates, osteoclast surface area, and bone 
length are underway to further understand this response. 
Our results also suggest that reported strain-dependent 
benefits of aviary rearing are at least in part due to 
differences in mechanoresponse. Future parametric studies 
are necessary to determine how load magnitude, frequency 
and duration may influence the mechanoresponse in 
chickens. 
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Processing and Products

68  Poultry Meat Industry: Opportunities and 
challenges. Vivek A. Kuttappan*1; 1Cargill Animal Nutrition 
and Health, Minneapolis, Minnesota, United States. 

World human population, according to the United Nations 
(2023), reached 8 billion in 2022, is expected to increase to 
8.5 billion by 2030, and would add another 2 billion people 
in the next 30 years. Going forward, it is more relevant than 
ever to grow food further sustainably, to ensure food security 
for the expanding global population. Due to the increased 
affluence and urbanization of the upcoming human 
generations, it should be assumed the future food demand 
will be increasingly skewed towards animal-based products. 
Among the various animal-based products, poultry meat is 
uniquely positioned as it has benefits such as relatively low-
cost of production, affordability, absence of religious 
strictures, its image as a healthy food, convenience and 
versatility of products offered, cooking, as well as 
consumption, overall sustainability, and availability of a 
continuous stream of innovative products. In fact, the 
OECD/FAO outlook (2021) projected that there will be 18%, 
13% and 6% growth in global consumption of poultry meat, 
pork, and beef from 2018-20 to 2030. Although, there is 
tremendous opportunity for the poultry industry, the 
challenges to meet the goal are huge considering impact on 
the environment, cost of production, and pressures to meet 
social expectations. Two main areas of future research, on 
a high level, will be focused on lowering the production cost 
and reducing food losses/wastage. The objective of the 
current session is to share research outcomes on potential 
ways to reduce the food losses/wastage and maintaining the 
meat quality expectation of consumers. The journey of 
poultry meat products from hatching eggs to consumer all 
the way from breeder, hatchery, farm, pre-processing 
handling (pre-harvest food safety, improper handling, bird 
welfare, etc.), transportation (shrinkage, dead on arrival 
etc.), processing (inefficient harvesting, meat quality defects, 
carcass damage, contamination, etc.), storage (microbial 
growth, spoilage etc.), value added products, and retail sale 
needs to be closely evaluated to reduce losses/wastage. 
Applying scientific knowledge and capabilities of modern 
tools, such as microbiome surveillance and power of artificial 
intelligence, to identify problems and find effective solutions 
in different phases of poultry meat production is critical in 
sustainably addressing the increasing demand of 
wholesome edible protein for a future global population. 

69 Woody breast myopathy: Potential etiopathology 
and moving forward. Pramir Maharjan*1, Casey M. 
Owens2, Craig N. Coon2; 1Tennessee State University, 
Agricultural and Environmental Sciences, Nashville, 
Tennessee, United States; 2University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States. 

Increasing selection pressure geared towards quantitative 
traits such as growth rate and lean mass in meat broilers 
have resulted in physiological stress in these birds leading 
to emergence of muscle myopathies. Multiple broiler floor 
pen feeding studies were performed utilizing two high 
yielding meat broiler lines. Metabolic tools were applied to 
assess biomarker differences in woody breast (WB) 
myopathy affected birds and normal birds at various ages of 
bird-grow out period to understand etiopathology involved in 

WB myopathy condition. Sample size remained ≥ 6 per 
treatment group for each biomarker assessment. 
Significanlty different biomarkers were separated using one-
way ANOVA utilizing student's t-test as appropriate. The 
evaluations depicted that these broiler lines (at day(d) 42) 
were synthesizing mixed muscle protein in Pectoralis (P) 
major at 8 %/ d higher compared to broilers reared two 
decades earlier under primary breeder nutrition guidelines 
on amino acids and energy (3.17g dLys/Mcal). The WB 
myopathy affected birds had higher (P<0.05) differential 
expression of plasma 3-methylhisitide for both lines 
evaluated that were also reflected with increased (P< 0.05) 
%/d mixed muscle degradation rates in P. major. 
Histomicrographs of WB affected P. major exhibited 
massive myodegeneration occurring as early as d 21 with 
muscle specific protein replaced by mostly (insoluble) 
collagenous tissue in perimysial and endomysial spaces. 
Insoluble collagens per unit mass in tissue increased (P 
<0.05) as the bird aged with WB affected broilers. 
Differentially significant metabolites (P < 0.05) in plasma 
between myopathy affected birds and normal birds as 
revealed by targeted metabolomics were homocysteine, 
cyclic GMP, trimethylamine N-oxide, tyramine, carnitine and 
acetyl carnitine. These findings on plasma metabolites entail 
circulatory insufficiency in P. major and potential 
involvement of cardiovascular system. Timeline 
transcriptomics analysis of P. major in WB affected broiler 
exhibited genes associated to hypoxia and oxidative stress, 
carbohydrate metabolism, muscle growth, calcium signaling, 
and cell membrane integrity were expressed differently 
(towards the adaptive physiological feedback responses to 
adverse cellular states) at d 56 than at earlier grow-out 
period at d 21 and d 42. Protein to fat ratio, and then the 
maintenance heat production was lower (P<0.05) in WB 
affected birds. In summary, the pathophysiological 
phenomena occurring in WB myopathy bird led to resultant 
loss of muscle protein quality and quantity. The study 
findings warrant that future research focus on meat broiler 
lines be directed towards delivering improved vascularity 
in P. major to alleviate this myopathy condition. 

70 In ovo feeding of nicotinamide riboside to reduce 
high-yield broiler breast myopathies. Clay J. Maynard*1, 
Taketo Haginouchi5, Olivia G. Ellis2, John Gonzalez2, 
Ashunti Jackson3, Andy Mauromoustakos4, Casey M. 
Owens1; 1University of Arkansas, Center of Excellence in 
Poultry Science, Fayetteville, Arkansas, United 
States; 2University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States; 3Cobb-Vantress, , 
Siloam Springs, Arkansas, United States; 4University of 
Arkansas, Agricultural Statistics Laboratory, Fayetteville, 
Arkansas, United States; 5Kagoshima University, 
Department of Agriculture, Kagoshima, Japan. 

A natural precursor to NAD+ was evaluated on broiler 
myogenesis and breast myopathies. A total of 3,240 
fertilized Cobb 700 by-product eggs were randomly 
assigned to one of four in ovo treatments. On incubation d 
10, eggs containing viable embryos were injected with 100 
µL of saline (control - 0) or saline containing 250, 500, or 
1,000 mmol of nicotinamide riboside (NR) in the yolk sac. 
Chicks were hatched, vent sexed, and placed 18 per pen in 
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one of 32 floor pens at random by treatment. Bi-weekly BW, 
BWG, FI, and mortality corrected FCR were calculated for 
the 0-47 day period. On d 48, all birds per pen were 
processed and deboned. Parts consisted of breast, tender, 
whole legs, wings, and rack. Part yields were calculated 
relative to final live weight. Following deboning, breast and 
tenders were scored for myopathies and meat quality 
analysis. Data were analyzed as a one-way ANOVA testing 
the main effect of injected treatment concentration and 
considered significant at P ≤ 0.05. Means were separated 
using a Tukey’s HSD test when significant. No differences 
(P > 0.05) were observed for FI or FCR. Broiler BW and 
BWG were different (P < 0.05) between 250 mmol of injected 
NR and the control, while the 500 and 1000 mmol injected 
NR treatments were intermediate. Carcass yields were 
heaviest (P < 0.05) in broilers from the 250 mmol of injected 
NR, lightest amongst broilers from the 500 mmol of injected 
NR, and intermediate in the control and 1000 mmol NR 
groups. No differences (P > 0.05) were observed in part 
yields, except for leg yield, as control and 250 mmol injected 

NR expressed higher yield (P < 0.05) than the 500 mmol 
injected NR, while those amongst the 1000 mmol group were 
intermediate. No differences were observed (P > 0.05) in 
myopathy scores or other meat quality parameters, except 
for instrumental b* value (P < 0.05). Broilers administered 
NR in ovo expressed a higher degree of yellowness than the 
control. Breast cross sectional area (CSA) was highest (P < 
0.05) in 500 mmol NR injection, lowest in the control and 
1000 mmol NR injection, and 250 mmol NR injection were 
intermediate. Fiber CSA was highest (P < 0.05) in the control 
treatment, 500 mmol NR injection the lowest, and the 
remaining intermediate. Fiber number was highest (P < 
0.05) in 500 mmol NR injection, lowest in the control and 
1000 mmol NR injection, and intermediate in 250 mmol NR 
injection. Data indicate that NR may be beneficial for muscle 
growth, but not a viable source for reducing myopathies in 
this study. Nicotinamide riboside concentration 
determination should be further assessed for growth 
performance measures. 
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Student Competition: Metabolism and Nutrition: General Nutrition I

71 Comparison of the nutritional and economic 
value of soybean meal from five origins in poultry and 
swine feed formulation. Joaquin A. Cabanas-Ojeda*1, 
Paula A. Lozano-Cruz1, Jhon J. Mejia-Abaunza1, Valmiro 
Aragão-Netto1, Edgar O. Oviedo-Rondón1; 1North Carolina 
State University, Prestage Department of Poultry Science, 
Raleigh, North Carolina, United States. 

Soybean meal (SBM) is the primary protein ingredient in 
poultry and swine diets and generally accounts for most of 
the feed cost. However, its quality and nutritional value vary 
due to regional crop, processing, and storage conditions 
which can impact animal performance and feed cost. This 
study aimed to evaluate the nutrient and energy composition 
of North Carolina (NC) SBM and compare the differential 
feed cost to SBM of other origins. A total of 35 and 45 
samples of SBM produced in NC in 2020 and 2021 were 
collected and analyzed by NIRS. Proximate composition, 
energy, and quality parameters were determined using 
AminoNIR (Evonik) calibration curves. The nutrient and 
energy values of SBM produced in the Eastern and Western 
regions in the USA, Brazil, and Argentina were obtained from 
the AminoNIR (Evonik) 2020 and 2021 reports. Feed was 
formulated in a least-cost software (Concept 5.0®) for 
diverse feeding phases of broilers, layers, and swine. For 
each one of these diets, SBM of these five origins was 
included at different levels to achieve the lowest feed cost. 
Broiler starter (35-36% SBM inclusion), grower (33-35%), 
and finisher (29-31%) diets were formulated following Ross 
708 (2019) nutrient specifications. Brown and white layer 
diets for phases 1 (26-28% SBM inclusion) and 2 (21-22%) 
were formulated following the Hy-Line (2021) nutrient 
guidelines. For swine, growing boars, and gilts, phases 2 
(20-25% SBM inclusion), and 3 (14-16%), were formulated 
using PIC (2021) recommendations. Nutrient and energy 
data were analyzed in a one-way ANOVA and means 
separated using Tukey’s HSD test. Significant differences 
between SBM of different origins were observed for all 
parameters evaluated (P < 0.001). The NC SBM had the 
highest ME values for poultry (between 29-218 and 57-167 
kcal/kg more for 2020 and 2021, respectively) among all 
other sources. SBM produced in NC also had the highest 
crude protein content in both years (47.53% and 47.84%). 
NC SBM had slightly lower amino acid (AA) content than 
Brazilian SBM but higher than Argentinian and Western US 
SBM and very similar to Eastern US SBM (P < 0.001). For 
both years, diets formulated with NC SBM were cheaper 
than using all other sources, between 2.38-31.08 US$/ton 
for broiler diets, 0.88-22.96 US$/ton for laying hen diets, and 
2.05-14.98 US$/ton for swine diets, except for Brazilian SBM 
in the broiler starter. In conclusion, this analysis indicated 
that SBM produced with soybeans grown in North Carolina 
in 2020 and 2021 had better nutrient and energy value, 
competitive AA content, and quality parameters. Therefore, 
using NC SBM would require lower synthetic AA and fat 
supplementation, reducing feed costs to obtain the same 
nutrient specifications. 

72 Determination of TMEn, standardized amino acid 
digestibility, and phosphorus digestibility in soybean 
expellers produced from a new variety of soybeans fed 
to chickens. Minoy Cristobal*1, Jennifer Blair1, Pam 

Utterback1, Hans H. Stein1, Carl Parsons1; 1University of 
Illinois at Urbana-Champaign, Animal Sciences, 
Champaign, Illinois, United States. 

The objective of this study was to test the hypothesis that 
nitrogen-corrected true metabolizable energy (TMEn), 
standardized amino acid (AA) digestibility, and apparent ileal 
P digestibility are not different in a soybean expeller (SBE) 
produced from a new variety of Photoseed soybeans 
compared with SBE produced from conventional soybeans. 
The Photoseed soybeans have been developed to capture 
more carbon and sunlight, leading to an ingredient that has 
reduced environmental footprint from crop production. The 
two SBE contained approximately 46.3 % protein on a DM 
basis. In Experiments 1 and 2, two precision-fed rooster 
assays were conducted to determine TMEn and 
standardized AA digestibility in conventional and Photoseed 
SBE using conventional and cecectomized roosters, 
respectively. For each experiment, six replicate White 
Leghorn roosters were fasted for 26 h and then tube fed 25 
g of each SBE, and excreta samples were collected for 48 h 
post-feeding. Data were analyzed as a one-way ANOVA for 
a completely randomized design. Differences between 
treatments were considered significant at P < 0.05. Results 
from Experiment 1 yielded TMEn values of 3.162 and 3.261 
kcal/g DM for the conventional SBE and Photoseed SBE, 
respectively, with the value being greater (P < 0.05) for 
Photoseed SBE. Results from Experiment 2 showed 
standardized digestibility of most AA of approximately 90%, 
and there was no difference between the two SBE. However, 
Photoseed SBE had greater (P < 0.05) concentrations of 
digestible Arg, Lys, Phe, Trp, and Val compared with 
conventional SBE. In Experiment 3, an ad-libitum-fed broiler 
chicken assay was conducted to determine apparent ileal P 
digestibility in conventional and Photoseed SBE. Eighty 
commercial Ross 308 male chicks were fed a standard corn-
SBM diet from 0 to 16 d of age and birds were then fed diets 
containing one of the SBE as the only source of P from d 17 
to 21. The 2 experimental diets had a Total Ca:Total P ratio 
of 1.4:1 and TiO2 was used as a digesta marker. There were 
5 chicks per pen and 8 replicate pens per treatment and the 
pen was the experimental unit. On d 21, chicks were 
euthanized and ileal digesta were collected. Data were 
analyzed as in Experiments 1 and 2. Results indicated 
values for apparent ileal P digestibility of 46.8% and 40.6% 
for conventional SBE and Photoseed SBE, respectively, and 
these values were not different. In summary, TMEn was 
greater in Photoseed SBE compared with conventional SBE, 
but digestibility of AA and P was not different although 
Photoseed SBE had greater concentrations of some 
indispensable AA compared with conventional SBE. Results 
of this study indicated that Photoseed SBE has greater 
nutritional value than conventional SBE. 

73 Assessment of Soybean Genotype Amino Acid 
and Oil Selection Improvements on Broiler 
Performance. Savannah Wells Crafton*1, Kenneth B. 
Nelson2, Matheus F. Costa3, Benjamin L. Angel1, Michael T. 
Kidd4; 1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 2University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States; 1University 
of Arkansas, Poultry Science, Fayetteville, Arkansas, United 
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States; 4University of Arkansas, Fayetteville, Arkansas, 
United States. 

This experiment aimed to determine the feeding value of 
soybean meal (SBM) produced from varieties of soybeans 
bred for increased amino acid content (SBAA) and improved 
fatty acid profile (SBO), compared to a conventional 
soybean variety in Cobb 500 female broilers. Analyzed NIR 
values for whole soybeans reached statistical significance 
for nearly every analyzed value (P<0.05). Overall, SBAA and 
SBO soybeans contained higher amino acid content and 
lower oligosaccharide content compared to the conventional 
soybean variety, in addition to improved fatty acid profile. 
Prior to the experimental period all birds were reared on 
common feeds. Despite having significantly different values 
for nutritional components as whole soybeans, once 
processed into soybean meal, proximate and AA analysis 
values were very similar for conventional and experimental 
soybean meals. Therefore, diets were formulated based on 
analysis values from the conventional SBM and inclusion 
amount of experimental SBM was set to 20% in all diets. Diet 
1 contained SBM from conventional soybeans whereas 
Diets 2 and Diet 3 contained SBM from experimental 
soybean lines, SBAA and SBO, respectively. Diets were fed 
to 288 female broilers placed in eight replicate pens of twelve 
birds each and live performance was assessed from d 28 to 
42. At d 42, six birds from each pen were randomly selected 
and processed for evaluation of carcass traits and incidence 
of woody breast. Carcass parameters measured include live 
weight as well as fat, breast, tender, wing, and leg chilled 
yields. All performance data were analyzed using a One-way 
ANOVA using JMP software with diet as the fixed effect and 
block as a random effect with pen as the experimental unit. 
Statistical significance was considered at P ≤ 0.05. No 
significant responses were observed for any live 
performance, carcass, or woody breast measurements. 
Experimental soybean lines developed at the University of 
Arkansas were incorporated into broiler diets and supported 
performance equal to that of conventional SBM. 

74 Towards a better understanding of anti-
nutritional factors, reactive lysine, KOH protein 
solubility, and rooster amino acid digestibility in 
commercial soybean meals. Andrew Hack*1, Benjamin 
Parsons2, Pam Utterback1, Jason Emmert1, Carl 
Parsons1; 1University of Illinois Champaign-Urbana, Animal 
Sciences, Champaign, Illinois, United States; 2University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States. 

The two primary objectives were 1) to determine trypsin 
inhibitor (TI) and chymotrypsin inhibitor (CI) levels using two 
different methods and 2) to determine near infrared 
spectroscopy reactive Lys (NIR RL) (Evonik), KOH protein 
solubility (KOHPS), and in vivo rooster amino acid (AA) 
digestibility in commercial samples of solvent extracted 
dehulled soybean meal (SBM) and extrusion expeller 
mechanically processed SBM. A total of 99 samples of SBM 
were obtained; 86 solvent and 13 mechanical. After sample 
evaluation using NIR TI and SOY CHEK (LSB Products, 
Manhattan, KS), 54 SBM (44 solvent and 10 mechanical) 
were selected for further analyses including trypsin units of 
inhibition (TUI/g) and chymotrypsin units of inhibition (CUI/g) 
using the new AOAC method (Liu et al., 2021), and trypsin 
inhibition units (TIU/g) and chymotrypsin inhibition units 

(CIU/g) using a new, fast, and cost-effective procedure (Kim 
and Krishnan, 2023). In addition, 36 of those SBM were 
evaluated for in vivo AA digestibility using 4 to 6 individually 
caged cecectomized roosters per sample. Roosters were 
fasted for 26 h prior to crop intubation with 25 g of SBM and 
excreta were quantitatively collected for 48 h. Data were 
analyzed using regression analyses to determine linear and 
quadratic relationships among variables. The probability 
level for statistical analyses was P < 0.05. No differences in 
NIR RL were observed between solvent and mechanical 
SBM. Values for TUI/g ranged from 1.1 to 17.2 among SBM, 
and mechanical SBM had a higher mean TUI/g of 13 
compared with a mean of 7 in solvent SBM. The NIR TI was 
positively correlated (P < 0.05) with TUI (R2 = 0.56). Mean 
TUI values were higher than TIU values primarily because 
many SBM with low TUI levels had 0 TIU/g. Rooster Lys, 
Met, and Cys digestibility ranged from 70 to 96, 79 to 91, and 
69 to 84% among SBM, respectively. For the regression 
analyses, NIR RL exhibited a quadratic relationship with 
rooster Lys and Arg digestibility (R2 = 0.40 to 0.42). Analyzed 
KOHPS was positively correlated with NIR RL and rooster 
Lys and Arg digestibility (R2=0.47 to 0.73). Maximum rooster 
AA digestibility was predicted to occur at a lower TUI level 
for solvent SBM than for mechanical SBM. Results for CUI, 
TIU, and CIU were similar to those for TUI and there was 
generally no advantage of measuring CUI or CIU in addition 
to TUI. The results of this study indicate that 1) NIR RL can 
detect heat-damaged SBM, 2) analyzed TI varies among 
analytical methods, 3) mechanical SBM contains higher TI 
and CI than solvent SBM, 4) NIR RL, NIR TI and wet lab TI 
and CI are correlated with in vivo rooster AA digestibility, and 
5) KOHPS is correlated with NIR RL and rooster Lys and Arg 
digestibility. 

75 Evaluation of pellet internal particle size and 
grinding during pelleting of feeds for broiler 
chickens. Cristina T. Simões*21, Eva Guadalupe Guzman2, 
Joseph P. Gulizia2, Jose I. Vargas2, Jose R. Hernandez2, 
Wilmer J. Pacheco2; 1Federal University of Santa Maria, 
Department of Preventive Veterinary, Santa Maria, Rio 
Grande do Sul, Brazil; 2Auburn University, Department of 
Poultry Science, Auburn, Alabama, United States. 

The pelleting process is typically used in broiler production 
to reduce selective feeding, wastage, nutrient segregation, 
improve BWG, and increase nutrient digestibility. However, 
compression and abrasion forces during pelleting can lead 
to additional grinding, which makes it difficult to estimate 
particle size requirement of modern broilers. The objective 
of this study was to determine the degree of particle size 
reduction during commercial pelleting conditions. A total of 
48 mash and pelleted feed samples were provided from a 
commercial feed mill. Four feeding phases (starter, grower, 
finisher, and withdrawal) were evaluated with 6 replicates 
each, totaling 24 samples per feed type. Mash diets were 
conditioned at 88°C for 60 seconds and pelleted using a 4.7 
mm die. Feed samples were collected from the same batch 
after mixing and after pellet cooling. To determine the 
particle size in the pellet microstructure, a previously 
developed method was used to dissolve the pelleted feed 
samples. Pellets were dissolved in warm (45°C) water and 
filtered using a qualitative filter paper (94 mm) inside a 500 
mL filtering funnel with 10 to 15 µm porosity, which was 
connected to a vacuum pump. Finally, samples were dried 
inside a clear acrylic tube with compressed air, maintained 



 

2023 PSA Annual Meeting Abstracts 39 
 

for 5 min at room temperature air and for additional 15 min 
with hot air at 82°C. Dissolved pellets and mash samples 
were analyzed for particle size distribution using the ASABE 
method S319.4. Data were analyzed as one-way ANOVA 
using the GLM procedure of SAS and means were 
separated using Tukey’s HSD. Significance was accepted 
at P < 0.05. Mash samples had greater (P < 0.05) particle 
size than pellet samples in grower, finisher, and withdrawal 
diets, with averages of 505, 571, and 549 µm in mash, and 
427, 521, and 504 µm in pellets, respectively. Pellet samples 
had increased (P < 0.05) amounts retained on sieves with 
an opening of 420 µm, 297 µm, and 210 µm, whereas mash 
samples had increased (P < 0.05) amounts retained on 
sieves with an opening of 2,380 µm, 1,680 µm, 1,190 µm, 
and 840 µm in the four feed phases. Pelleted diets had a 
lower amount of coarse particles over sieves greater than 
840 µm as wells as higher amount of fine particles over the 
sieves with an opening smaller than 420 µm. Further 
investigation should be performed to determine the degree 
of grinding under various commercial conditions. 

76 The influence of corn particle size and pellet die 
thickness on growth and gizzard development of broiler 
chickens. Mason Engnell*1, Nelsa Beckman1, Allison 
Blomme1, Patrick Badger1, Diego Lopez1, Charles R. Stark2, 
Chad B. Paulk3; 1Kansas State University, Grain Science 
and Industry, Manhattan, Kansas, United States; 2Kansas 
State University, Manhattan, Kansas, United 
States; 3Kansas State University, Grain Science and 
Industry, Manhattan, Kansas, United States. 

Corn particle size is reduced to increase the surface area to 
volume ratio of ingredients to aid in nutrient digestion. In 
addition to particle size reduction and ingredient mixing, feed 
is pelleted and crumbled prior to be fed to broilers. Pelleted 
or crumble diets are fed to broilers opposed to mash to 
improve growth performance. The objective of this study was 
to determine the effect of corn particle size and pellet die 
thickness on broiler performance and gizzard development 
of starter broilers. At hatch, 720 one-day old broilers (Ross 
708 by-product broiler, initial BW 47.3g) were used in a 19-
day study to determine body weight gain (BWG), feed intake 
(FI), feed conversion ratio (FCR), gizzard weight, and 
gizzard pH. Broilers were housed in 6 Petersime batteries 
and received ad libitum access to feed and water. 
Treatments were randomly assigned to 120 cages resulting 
in 15 replicates per treatment with 6 broilers per cage. Diets 
were arranged in a 4 × 2 factorial of corn micron size (1200, 
800m, 400, and a 50/50 blend of 1200 and 400 [blend]) and 
pellet die thickness (length:diameter [L:D] 6 or 8). Body 
weight gain and feed disappearance were measured on 
days 0, 7, and 19 to calculate BWG, FI, and FCR. Data were 
analyzed using the GLIMMIX procedure of SAS 9.4. There 
was no evidence of die thickness by particle size interactions 
(P>0.05) for growth performance, relative gizzard weight or 
gizzard pH. For main effects of corn particle size, there was 
no evidence of difference (P>0.05) in broiler BWG, FI or 
FCR when fed 1200, 800m, 400, or the blend corn particle 
sizes. Broilers fed 400 corn had decreased (P=0.003) 
relative gizzard weights compared to broilers fed diets 
containing corn ground to 1200, 800m, or the blend particle 
sizes. There was a tendency for broilers fed 400 corn to have 
an increased (P=0.07) gizzard pH compared to those fed 
diets containing corn ground to 1200 or 800m, with those fed 
the blend being intermediate. For main effects of pellet die 

thickness, broilers fed diets pelleted using the LD:8 die 
tended to have increased (P=0.065) body weight gain 
compared to those fed the diets pelleted using the LD:6 die. 
Intake, FCR, relative gizzard weight, and gizzard pH were 
similar (P>0.05) when broilers were fed diets pelleted using 
different dies. In conclusion, the particle size of corn had no 
effect on broiler growth performance, while corn ground to 
400 led to decreased relative gizzard weights and increased 
gizzard pH levels. Pelleting broiler feed using a thicker die 
tended to improve BWG, but had no effect on FI, FCR, 
gizzard weight, or gizzard pH. 

77 Understanding pelleted feed flow and nutrient 
distribution throughout feed lines over time. Courtney 
Poholsky*1, John W. Boney1; 1Penn State University, Animal 
Science, University Park, Pennsylvania, United States. 

Recent studies showed that nutrient segregation in poultry 
houses is impacted by pellet quality and feed line length. 
Additional data is needed to understand nutrient segregation 
over time and its association with flock uniformity and overall 
economics. The objectives of the current study were to 
understand how feed and nutrients flow in a feed line over 
time and identify cost-effective nutrient segregation markers 
for long-term monitoring. Feed, made up of 85% pellets, was 
augered throughout a commercial poultry house equipped 
with two 76-m long feed lines. Two experiments were 
conducted simultaneously. In experiment 1, feed particle 
and nutrient variability throughout the house were evaluated 
using fresh feed samples collected from within the feed line. 
Five sample locations were designated at every 15 meters 
of the feed line. Before sampling, feed pans were emptied. 
Feed was then augered throughout the line to fill the empty 
pans. Experiment 2 considered feed particle and nutrient 
variability when collecting residual feed from four feed pans 
throughout each feed line (at approximately 15, 30, 46, and 
61-m). After each day, residual feed was collected from new, 
unsampled feed pans. Feed sampling for both experiments 
occurred over five days. Samples were sifted using a 
modified particle size separator fitted with a No. 5 ASTM 
screen for pellet-to-fine ratio determination. Pellets and fines 
were then analyzed for gross energy. Thereafter, a handheld 
near-infrared spectrophotometer (NIRS) was used to predict 
crude protein, crude fat, crude fiber, and ash concentrations 
of the feed. Feed profile spectral scans were also generated 
using the NIRS. Composite feed samples were collected 
from each sampling location/day to assess phytase activity, 
amino acid, and mineral concentrations. Data were analyzed 
in a repeated measures ANOVA using PROC MIXED in 
SAS. Phytase activity variability throughout the house was 
not apparent (P=0.629). Proline was the only analyzed 
amino acid whose concentration varied throughout the 
house (P=0.050). Mineral concentrations did not differ 
throughout the house (P>0.05) but the average 
concentrations in the house did vary by day (P<0.05). In 
experiment 2, the percentage of pellets did not vary 
throughout the house (P=0.212) but averaged 27% in the 
house during the five-day experimental period. This 
indicates that birds consumed the pellets first, leaving the 
fines behind. These data validate previous research in which 
augering improved pellet quality feed in short feed lines 
results in a more uniform presentation of nutrients at the feed 
pan. Furthermore, results from experiment 2 showcase the 
importance of using a proper sampling technique for nutrient 
analysis of feed. 
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78 Effect of dietary metabolizable energy levels and 
conditioning temperature on broiler performance, 
nutrient digestibility, and tibia ash from 1 to 42 days of 
age. Jose R. Hernandez*1, Joseph P. Gulizia1, Jose I. 
Vargas1, Susan M. Bonilla1, Sureerat Thuekeaw2, Wilmer J. 
Pacheco1; 1Auburn University, Department of Poultry 
Science, Auburn, Alabama, United States; 2Chulalongkorn 
University, Department of Animal Husbandry, Faculty 
Veterinary Science, Bangkok, Thailand. 

This study evaluated the main effects and interactions of two 
metabolizable energy levels and three conditioning 
temperatures on broiler performance, nutrient digestibility, 
and tibia ash from 1 to 42 days of age. A total of 1,350 d-old 
YPM x Ross 708 male broilers were randomly distributed in 
54 floor pens and assigned to six treatments (9 
replicates/treatment). Diets were formulated to contain two 
metabolizable energy levels (standard energy (SE) and -130 
kcal/kg reduced energy (RE)). Both basal diets were 
manufactured at three conditioning temperatures (80, 84, 
and 88°C). BW and feed intake (FI) were determined at 14, 
28, 35, and 42 d of age and FCR was adjusted for mortality. 
On d 42, ileal digesta (five birds/pen) and left tibias (two 
birds/pen) were collected for nutrient digestibility and tibia 
ash analysis. Data were analyzed as a 2 x 3 factorial 
arrangement (energy level x conditioning temperature) using 
the GLM procedure of SAS to evaluate main effects and 
interactions. Tukey’s HSD test was used to separate means 
and statistical significance was considered at P ≤ 0.05. Birds 
fed SE diets had higher (P < 0.05) BW at 14 (478 vs. 478 g) 
and 28 (1,730 vs. 1,689 g) d than birds fed RE diets. Broilers 
fed RE had higher (P < 0.05) FI at 35 (3637 vs. 3548 g) and 
42 (5082 vs. 4941 g) d compared to birds fed SE. Birds fed 
RE diets exhibited higher FCR (P < 0.05) compared to birds 
fed SE diets in every evaluated period and a 7-point higher 
FCR was observed on d 1-42. Birds fed SE diets had 3.18% 
higher (P < 0.05) fat digestibility compared to birds fed RE 
diets. Broilers fed SE had lower (P < 0.05) Ca and P 
digestibility than broilers fed RE. In addition, apparent ileal 
digestible energy (AIDE) was higher (P < 0.05) by 210 
kcal/kg in birds fed SE compared to birds fed RE. Birds fed 
diets conditioned to 88°C had lower Ca and P digestibility 
compared to birds fed diets conditioned to 80 and 84°C. 
Furthermore, tibia ash was higher (P < 0.05) in birds fed SE 
diets than in birds fed RE diets. Broilers fed diets conditioned 
at 80°C had lower (P < 0.05) tibia ash compared to broilers 
fed diets conditioned at 84 and 88°C. Overall, birds 
responded more to ME level of the diet than to conditioning 
temperatures. Birds fed SE diets had improved growth 
performance, fat digestibility, AIDE, and tibia ash. 

79 The effect of thermally processed and fermented 
food waste on growth performance of broilers. Nelsa 
Beckman*1, Mason Engnell1, Haley Ottot1, Allison Blomme1, 
Patrick Badger1, Diego Lopez1, Xuexue Wang1, Phillip 
Lancaster2, Yi Zheng1, Raghavendra Amachawadi2, Melissa 
Schrader3, Charles R. Stark1, Chad B. Paulk4; 1Kansas State 
University, Grain Science and Industry, Manhattan, Kansas, 
United States; 2Kansas State University, Clinical Sciences, 
Manhattan, Kansas, United States; 3Kansas State 
University, Housing and Dining, Manhattan, Kansas, United 
States; 4Kansas State University, Grain Science and 
Industry, Manhattan, Kansas, United States. 

Previous studies have shown that food waste has similar 
nutrient availability as common feedstuffs and that when 
fermented it can produce astaxanthin which can be used as 
a feed additive. Therefore, the objective of this study was to 
determine the growth performance of thermally processed 
and fermented food waste when fed to broilers. Food waste 
was collected for 30 consecutive days at a dining center at 
Kansas State University to create two identical, composite 
samples. One sample was mixed with soybean meal (SBM) 
and extruded (InstaPro 2000-10 RTT, Des Moines, IA) to a 
target in barrel temperature of 140C. The second sample 
was fermented for 14 days to create a value-added product 
(FFW). The final astaxanthin concentration of the FFW was 
0.0013 mg/mL. At hatch, 420 one-day old male broilers 
(Ross 308, initial BW 37.7 g) were used in a 21-day study to 
determine body weight gain (BWG), feed intake (FI), and 
feed conversion ratio (FCR). Treatments were randomly 
assigned to cages, resulting in 10 cages per treatment with 
6 broilers per cage. Treatments consisted of the following: 1) 
corn/SBM basal, 2) 10% composite food waste (CFW), 3) 
30% CFW, 4) 1.5% FFW, 5) 5.5% FFW, 6) basal + 
commercial astaxanthin (5 mg/kg[PL1] ), and 7) basal + 
antibiotic (BMD 5055 mg/kg). Astaxanthin concentration of 
the 1.5% and 5.5% FFW diets were 0.0195 and 0.0715 
mg/kg of feed, respectively. Body weight gain and FI were 
measured on days 0, 7, and 21 to calculate FCR. Data were 
analyzed using the GLIMMIX procedure of SAS v. 9.4 (Cary, 
NC). Birds fed the basal diet had similar (P > 0.05) body 
weight gain to birds fed both inclusion levels of CFW and 
FFW as well as the commercial antibiotic. The 5.5% FFW 
increased (P < 0.05) FI compared to birds fed 1.5% FFW 
and the basal diet. Both inclusion levels of CFW were similar 
(P > 0.05) in FI to birds fed the basal diet and increased (P < 
0.05) compared to those fed the antibiotic and astaxanthin. 
Feed conversion ratio improved (P < 0.05) when birds were 
fed the basal diet, 10% CFW, 5.5% FFW, and commercial 
antibiotic compared to the commercial astaxanthin with 30% 
CFW and 1.5% FFW being intermediate (P > 0.05). In 
conclusion, including extruded and fermented food waste 
successfully served as feed ingredients for broiler diets. 
However, further research is needed to determine the 
reduction in FCR when formulating diets with 30% CFW and 
the mechanism leading to an improvement in FI and BWG in 
broilers fed 5.5% FFW. 

80 Assessment of net energy and amino acid 
formulation in Cobb 500 broilers for a 31-41d finisher 
period. Matheus F. Costa*1, Savannah Wells Crafton1, 
Kenneth B. Nelson1, Benjamin L. Angel1, Yves Mercier2, 
Michael T. Kidd1; 1University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 2Adisseo France 
S.A.S., R&D, Malicorne, France. 

This experiment was focused on determining the potential 
outcomes of feeding varying levels of CP and net energy 
(NE) on live performance and carcass traits during the 
finisher phase (31–41d) in Cobb 500 broilers. The NE 
formulation in poultry may provide better accuracy in terms 
of energy values of ingredients. In NE equations, heat 
increment is utilized, and thus positive results may be 
achieved, such as better energy efficiency and utilization, in 
addition to avoiding dietary energy misuse. Amino acid 
formulations at proper levels are known in poultry for 
improving muscle growth, performance, and reducing 
environmental damage. Cobb 500 fast feathered broilers 
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(2,304) were vent-sexed and randomly allocate to a tunnel-
ventilated house containing 96 pens (6 x 8 feet). Each pen 
had 24 birds (12 per sex) which were fed to 12 different 
experimental diets. Primary breeder recommendations for 
management of lighting, ventilation, and temperature, were 
strictly followed, while water and feed were provided ad 
libitum. A 3x4 factorial arrangement was designed and the 
12 experimental diets (8 replications each) were: 1) 2,250 
kcal/kg NE, 16% CP; 2) 2,300 kcal/kg NE, 16% CP; 3) 2,350 
kcal/kg, 16% CP; 4) 2,400 kcal/kg, 16% CP; 5) 2,250 kcal/kg 
NE, 18% CP; 6) 2,300 kcal/kg, 18% CP; 7) 2,350 kcal/kg, 
18% CP; 8) 2,400 kcal/kg, 18% CP; 9) 2,250 kcal/kg, 20% 
CP; 10) 2,300 kcal/kg, 20% CP; 11) 2,350 kcal/kg, 20% CP; 
and 12) 2,400 kcal/kg, 20% CP. All data were analyzed using 
a two-way ANOVA and a mixed model design, and the 
dietary treatments were set to pens in a randomized 
complete block design, whereas the location of the pens was 
the blocking factor. Pen was used as the experimental unit. 
No CP x NE interactions (P > 0.05) occurred on any live 
performance parameter (32–41d) or carcass trait (42d). 
Furthermore, increasing the dietary energy above 2,250 
kcal/kg NE did not ameliorate carcass characteristics. 
However, birds fed increased NE obtained improved feed 
conversion ratio (FCR), and reduced feed intake (FI) 
(P<0.05). Broilers fed increased CP had improved FCR, and 
breast meat yield; additionally, they had decreased FI and 
abdominal fat deposition (P<0.05). Therefore, more 
research must be done to assess NE responses and energy 
needs on modern broilers, in order to comprehend the 
relationship between formulation on NE basis and CP. 

81 Influence of dietary resistant starches with 
different adaption lengths on growth performance, 
jejunal histomorphology, caecal content pH, and short-
chain fatty acids profile in broiler chickens. Iyabo W. 
Oluseyifunmi*1, Oluyinka Olukosi1; 1University of Georgia, 
Poultry Science, Athens, Georgia, United States. 

Our previous study showed that both type and dietary level 
of resistant starches (RS) influenced broiler growth 
performance. The current study (21 d) evaluated the effects 
of length of feeding raw potato starch (RPS) and high 
amylose corn starch (HCS) on growth performance, jejunal 
histomorphology, caecal content pH, and short-chain fatty 
acids (SCFA) profile in broiler chickens. A total of 300 Cobb 
500 (off-sex) male broiler chicks at day old were randomly 
allocated to ten treatments in a 3×3 +1 factorial 
arrangement. The factors were 3 RS levels (RSL), namely 
25 and 50 g/kg of RPS and 35 g/kg of HCS, and three 
feeding lengths (RSD): 21, 14, or 7 days, plus a corn-
soybean meal control diet. The feeding lengths indicate how 
long the birds received the RS diets. The birds received the 
control diet until the RS feeding was initiated in respective 
treatments. The starter diets were presented in mash form 
and growers as pellets. Birds receiving RS diets for 21, 14, 
or 7 days received the corn-soybean meal control diets for 
0, 7, or 14 days, respectively. Each treatment had 6 
replicates and 5 birds per replicate cage. The birds and 
feeds were weighed on d 0, 7, 14, and 21. On d 21, jejunal 
tissues and caecal contents were collected for 
histomorphology, pH, and SCFA profile analysis, 
respectively. Data were analyzed as 3×3 factorial nested 
with the control. There was no significant RSD×RSL(control) 
for any of the responses at d 21, but there was a significant 
RSL(control) main effect (P < 0.05) on FCR. The FCR was 

greater (P < 0.05) in birds receiving 25 g/kg RPS compared 
with those receiving 35 g/kg HCS. The main effects of RSD 
and RSL were not significant for villi height, villi width, or villi 
height: crypt depth ratio. However, there was a significant (P 
< 0.05) RSL(control) main effect for crypt depth; the crypt of 
birds receiving 25 g/kg RPS was deeper (P < 0.05) than the 
other treatments. The caecal SCFA quantities were not 
significantly affected by the treatments. On the other hand, 
birds that received the RS diets for 21 days had lower (P < 
0.05) caecal content pH than those that received RS diets 
for 0, 7, or 14 days. It was concluded that the modulatory 
effect of dietary RS on FCR was more related to the dietary 
level and not the length of feeding the diet. Although broiler 
chickens that received the RS diets for 21 days had the 
lowest caecal content pH, this was not related to caecal 
SCFA profile or jejunal morphological characteristics. 

82 Determining an ideal dietary combination of 
starch, amino acids, and oil levels for coccidiosis-
infected broilers. Julianna Jespersen*1, Juliano C. de 
Paula Dorigam2, Rose Whelan2, Maci Oelschlager1, Kaitlyn 
Sommer1, Bradley Gorenz1, Robin White3, Ryan 
Dilger1; 1University of Illinois, Animal Sciences, Urbana, 
Illinois, United States; 2Evonik Nutrition & Care GmbH, 
Animal Nutrition, Hanau, Germany; 3Virginia Tech, 
Blacksburg, Virginia, United States. 

Due to negative perception of anti-microbial use, alternative 
methods to ameliorate coccidiosis in broilers are being 
explored. One method is through optimizing diets to support 
immune function and minimize disruptions in growth 
performance associated with disease. Our objective was to 
determine an optimal combination of dietary starch, amino 
acids (AA), and oil to elicit maximal growth performance in 
broilers undergoing a coccidiosis challenge. A total of 1,080 
male Ross 308 broiler chicks were housed in floor pens and 
randomly assigned to 1 of 10 experimental treatments. Birds 
received a common starter diet d 0-10, experimental grower 
dietary treatments d 10-24, and a common finisher diet d 24-
35 (all provided ad libitum). The 10 experimental grower 
diets followed a simplex lattice design consisting of 3 basal 
diets formulated to have either the highest starch (45.4%), 
AA (120%, 1.33% digestible Lys), or oil (10.2%) level and 
mixed in 4 equally spaced levels for each component (0, 
0.33, 0.67, 1). The mixture of the 3 basal diets enabled 
varying densities of AA (80-120% of recommendation by 
AMINOChick), metabolizable energy (ME; 2,940-3,450 
kcal/kg), and starch:oil (ratio range of 0.4-2%) contributing to 
ME. Bird and feeder weights were collected on d 0, 10, 24, 
and 35. On d 11, chicks were orally inoculated with a 
commercial vaccine (CocciVac B-52) to induce an immune 
response to live oocysts. Excreta was collected d 20-21 for 
AME determination and birds from each treatment were 
processed for carcass outcomes on d 36. Data were 
analyzed using a 1-way ANOVA. Growth performance 
response surfaces were generated to determine an ideal 
combination of dietary nutrients during the grower phase for 
coccidiosis-infected broilers. High dietary starch with both 
low AA density and oil content reduced (P < 0.05) growth 
performance, eliciting the lowest weight gain and highest 
feed conversion ratio (FCR). AA supplementation ranging 
from 93-107% of recommendations (depending on ME level) 
and low starch:oil was advantageous to growth 
performance. High oil inclusion improved (P < 0.05) FCR 
without impairing weight gain. An opposite trend in growth 
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performance was observed for some treatment groups 
during the common finisher phase, but overall (d 0-35) 
followed similarly to the grower phase. No differences in 
relative breast or relative fat pad weight were observed, 
whereas relative leg weight increased (P < 0.001) with high 
AA density. Using FCR data, we determined that a 
combination of 105% of recommended AA, 31.4% starch, 
and 5.4% oil was ideal for broilers infected with coccidiosis 
during the grower phase, which can be utilized by the poultry 
industry to reduce future losses due to coccidiosis infections. 

83 Optimising performance of heat stressed broilers 
through manipulation of dietary starch-to-lipid ratios, 
apparent metabolizable energy, and digestible amino 
acid content. Dilshaan Duhra*1, Denise Beaulieu1, Karen 
Schwean-Lardner1, Juliano C. de Paula Dorigam2, Rose 
Whelan2; 1University of Saskatchewan, Animal and Poultry 
Science, Saskatoon, Saskatchewan, Canada; 2Evonik 
Nutrition & Care GmbH, Animal Nutrition, Hanau, Germany. 

High ambient temperatures impact performance and welfare 
of commercial broilers that adversely affects the profit from 
the enterprise. Nutrition is one strategy which may mitigate 
these effects. Therefore, this study aimed to determine the 
optimum dietary recommendation of apparent metabolizable 
energy (AME), starch-to-lipid ratios (S:L) and amino acid 
(AA) density [as % digestible lysine (SIDLys)] to promote 
growth performance in broilers undergoing heat stress. The 
10 experimental finisher diets followed a simplex lattice 
design {3, 3} consisting of 3 basal diets formulated to have 
either the highest S:L (A: 20:1 S:L, 0.8% SIDLys, 2,800 
kcal/kg AME), AME (B: 4:1 S:L, 0.8% SIDLys, 3,300 kcal 
AME/kg), and AA density (C: 4:1 S:L, 1.3% SIDLys, 2,800 
kcal/kg AME) and mixed in 4 equally spaced levels for each 
component (0, 33, 67, 100%). Male and female 21d-old Ross 
708 broilers were housed separately in 9 rooms (5 male, 4 
female) with 10 pens per room containing 60 or 68 birds/pen 
(31 kg/m2). Males and females were fed sex-specific starter 
and grower diets to maximise performance prior trial 
initiation. Room temperatures started at 32°C on d0 then 
were reduced to 21°C by d21, which were maintained from 
d21-27 while birds acclimated to the diets. From d27-32, 
birds were exposed to cyclical HS with a 12h temperature 
period of 31°C and a 12h of 21°C (minimum humidity 50%). 
Body weight and feed weights were measured on d21, 27 
and 32. Data were analyzed in the ADX interface in SAS 9.4 
(Cary, NC) to determine the effects of diets A, B, and C to 
generate predictive models used to calculate optimal diet 
blends. Overall male bodyweight gain (BWG) was highest in 
the broilers fed diets composed of 67% B and 33% C (929g) 
and lowest in those fed 100% A (703g, P<0.01). Female 
BWG was highest in birds fed diets with 67% B and 33% C 
or 100% C (both at 796g) and lowest when fed 100% A 
(659g, P<0.01). Male and female F:G ratios were lowest in 
bird fed diets composed of 100% B or 33% C and 67% B 
(1.741 and 1.753 for males, 1.785 and 1.780 for females) 
and highest when birds were fed 100% A (2.243 for males, 
2.181 for females, P<0.01) in d21-32. The response surface 
model for optimal male BWG of 920g from d21-32 was 
estimated to occur when diet blends were 57.8% B and 
42.2% C, resulting in a dietary composition of 4:1 S:L, 1.01% 
SIDLys and 3,089 kcal AME/kg. The F:G and female BWG 

results did not give a maximal response within this model, 
thus were not used to generate recommendations. 
Increasing the S:L of diets linearly reduced BWG. Overall, 
these results indicate that male BWG responds best to a 
combination of increased AA and reduced AME while 
increasing S:L has a negative effect on performance. 

84 Ileal digestibility of crude protein and amino acids 
of soybean meals of different origins in broilers. L. 
Aguirre*1, L. Cámara1, A. Smith2, G. Fondevila1, J. Ben 
Mabrouk1, Gonzalo Mateos1; 1Universidad Politécnica de 
Madrid, Madrid, Spain; 2DSM Nutritional Products, Heanor, 
Derbyshire, United Kingdom. 

The influence of the origin of the soybeans on the apparent 
(AID) and standardized (SID) ileal digestibility of CP and 
amino acids (AA) of 27 commercial soybean meals (SBM) 
from Argentina (ARG), Brazil (BRA), and USA was studied 
in broilers at 21 d of age. The samples (n = 9 per origin) were 
collected at the arrival of the vessels to Europe or at the 
crushing plants and were analyzed for main components 
(CP, AA, ether extract, carbohydrates, and minerals), protein 
quality indicators (urease activity, protein dispersibility index, 
KOH solubility, and trypsin inhibitor activity), and reactive 
Lys, using the homoarginine and furosine procedures. 
Broilers received a commercial corn-SBM diet in crumble 
form from hatch to 16 d of age and then, their corresponding 
experimental diets for 5 d. The experimental diets resulted 
from the combination of 53% of a N-free diet (dextrose, 
soybean oil, lignocellulose, minerals, and vitamins) and 47% 
of the corresponding SBM tested, as the unique source of N. 
Each of the 27 experimental diets was replicated 6 times and 
the experimental unit was a cage with 8 broilers. Chemical 
analyses and in vivo data were analyzed as a completely 
randomized design using the MIXED procedure of SAS, with 
SBM origin as main effect. For the in vivo data, SBM sample 
within each origin, was used as a nested effect. On 88% DM 
basis, CP (N × 6.25) was higher for the BRA meals than for 
the ARG and USA meals (47.4, 46.3, and 46.5%; P < 0.05). 
Per unit of protein, however, the contents in Lys, TSAA, and 
the sum of 5 key AA (Lys, Met, Cys, Thr, and Trp) were 
higher for the USA meals than for the South American meals 
(P < 0.05). At 21 d of age, the SID of the protein (92.2 vs. 
91.2 and 91.6%; P < 0.05) and of the sum of 5 key AA (91.7, 
90.5, and 91.3%; P < 0.05) were higher for the USA meals 
than for the BRA and ARG meals. When each AA was 
evaluated individually, the SID of Arg (94.9 vs. 93.8 and 
94.1%) and Lys (93.8 vs. 92.4 and 93.3%) were higher (P < 
0.05) for the USA meals than for the BRA and ARG meals. 
Similar differences to those reported for the SID were found 
for the AID values. Based on the coefficient of variation (%), 
the SID and AID values of the SBM samples for all key AA 
except Trp, were less variable for the USA than for the South 
American meals. In summary, the ileal digestibility of the 
protein and of the AA of the SBM in broilers at 21 d of age 
was more variable than expected and depended, at certain 
extent on the country of origin of the soybeans. 
Consequently, a continuous update on the chemical content 
and nutritional value of the SBM, based on the particular 
shipment and on the origin of the soybeans, is needed to 
optimize diet cost in the feed formulation process. 
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Student Competition: Immunology, Health and Disease: Feed Additives

85 Use of bacteriophage to reduce necrotic enteritis 
in broiler chickens. Taresa Chieng*1, Matt Oryschak1, 
Doug Korver1; 1University of Alberta, Agricultural, Food and 
Nutritional Science, Edmonton, Alberta, Canada. 

The use of antibiotic growth promotors (AGP) in broiler 
production is declining due to concerns about antimicrobial 
resistance. AGP are used to prevent necrotic enteritis (NE), 
an enteric disease caused by Clostridium perfringens, 
costing the industry millions of dollars. We examined the 
efficacy of an experimental bacteriophage product to reduce 
the impact of NE. Broiler chicks were placed in 60 floor pens 
(18 birds/pen) and fed either a control diet with (PC) or 
without (NC), an antibiotic growth promoter and coccidiostat, 
or the NC diet with a bacteriophage product (SUS) at 250, 
500, or 1,000 g/T of feed from day 0 to 42. A natural 
subclinical necrotic enteritis model was used; at day 12, all 
broilers were gavaged with a 15x coccidiosis vaccine dose 
(Coccivac®-B52) to enhance intestinal proliferation of C. 
perfringens. Half the birds had feed withdrawn for 24 hours 
on day 18 as an additional challenge. The feed withdrawal 
challenge did not interact with dietary treatment; data are 
presented as the dietary treatment main effect. Body weight 
gain, feed intake and feed conversion ratio (FCR) were 
determined from 0 to 12, 13 to 25 and 26 to 42 days of age. 
On days 22 and 40, 2 birds/pen were necropsied to evaluate 
gastrointestinal NE lesion scores. Footpads were assessed 
on all living birds at day 41 for pododermatitis lesions to 
indicate litter quality. The hypotheses were that the NE 
challenge would reduce performance of the NC birds relative 
to PC, and that SUS would restore performance to that of 
the PC group. Data were analyzed as generalized linear 
mixed models using the GLIMMIX procedure of SAS, with 
the significance level for all analyses set to alpha=0.05. NE 
lesions were observed in all treatment groups, but neither 
lesion scores nor footpad scores were affected by treatment 
at either sample age. From 0 to 12 days of age, there were 
no treatment effects on performance measures. From 13 to 
24 days of age (during the acute phase of the NE challenge 
model), average daily gain was 10% greater in the PC group 
than in the SUS 250 group. PC also resulted in lower FCR 
than NC (1.64 vs 2.02; SE = 0.06); SUS 500 and SUS 1000 
were each similar to PC (1.73 and 1.69, respectively; SE = 
0.06). Birds fed SUS 250 had a similar FCR to NC (1.91, SE 
= 0.06). From day 25 to 42, there were no treatment effects 
on performance traits, confirming the NE challenge as sub-
clinical. The transient reduction in performance of the NC 
and SUS 250 broilers compared to the PC broilers suggests 
that the NE challenge was stronger in these treatments, and 
the SUS 500 and SUS 1000 treatments partially restored 
performance to that of the PC group. 

86 In ovo administration and water supplementation 
of a postbiotic positively influence response of broilers 
to necrotic enteritis. Bingqi Dong*1, Candice E. Blue1, 
Prafulla Regmi1, Laura Ellestad1, Rami A. 
Dalloul1; 1University of Georgia, Athens, Georgia, United 
States. 

Necrotic enteritis (NE), an enteric disease caused 
by Clostridium perfringens, has a detrimental effect on 
performance, health, and welfare of broiler chickens. 
Postbiotics are inanimate bacterial or microbial fermentation 

components being explored as potential alternatives to 
antibiotic growth promoters to mitigate NE. This study 
investigated the effects of in ovo administration and post-
hatch water application of a Saccharomyces cerevisiae-
based commercial postbiotic on performance and response 
of broilers during a NE challenge. At embryonic d 18, 0.2 mL 
of water or postbiotic were injected into the amnion of Ross 
708 eggs. Male hatchlings (n=288; 12 birds/cage; 6 replicate 
cages per group) were assigned to one of the following post-
hatch water treatments: 1) NC (in ovo water injection, 
drinking water, no challenge); 2) NC+ (NC with NE 
challenge); 3) AIW (in ovo postbiotic injection, postbiotic in 
drinking water, no challenge); and 4) AIW+ (AIW with NE 
challenge). On d 14, all birds from NC+ and AIW+ were orally 
gavaged with ~3,000 E. maxima sporulated oocysts 
followed by two doses of approximately 1x108 CFU/mL/bird 
of C. perfringens on d 19 and d 20. On d 21, 3 birds per cage 
were necropsied for lesion scores. Body weight (BW) and 
feed intake (FI) were recorded on d 0, 7, 14, 21, and 28 to 
assess BW gains (BWG) and feed conversion ratio (FCR). 
Mortality was recorded and performance parameters were 
adjusted accordingly. Data were analyzed using two-way 
ANOVA procedure of JMP (Pro 17) with water treatment and 
NE challenge as the main effects. The means were 
separated between treatments by LSD test at P<0.05. There 
was no water treatment effect, with or without postbiotic, on 
performance during the overall experimental period. BWG, 
FI, and FCR were significantly improved (P<0.05) in the non-
challenged (NC and AIW) compared to the challenged 
groups (NC+ and AIW+) during the post-challenge (d 14-28) 
or overall experimental period (d 0-28). In the challenged 
groups, postbiotic supplementation reduced NE lesion 
scores (P<0.05) compared to the control (NC+) birds. The 
results of this study indicate that in ovo administration 
followed by water supplementation of this postbiotic can help 
mitigate the deleterious effects of NE in broilers without 
negatively affecting growth performance. 

87 Assessment of phytogenic blends on 
performance and tight junction proteins in broiler 
chickens during a necrotic enteritis challenge. Candice 
E. Blue*1, Ashley Wagner2, Bertrand Medina2, Ivan D. 
Girard2, Rami A. Dalloul1; 1University of Georgia, Poultry 
Science, Athens, Georgia, United States; 2Probiotech 
International Inc., Saint-Hyacinthe, Quebec, Canada. 

To reduce the negative impact caused by enteric diseases 
such as necrotic enteritis (NE), nutritional intervention 
strategies like phytogenic based feed additives are being 
explored. This study evaluated the effects of phytogenic 
blends on performance, intestinal lesion scores and mRNA 
abundance of tight junction proteins including occludin 
(OCLN), zonula occluden 1 (ZO1), and claudin 1 (CLDN1). 
The study consisted of 600 day (d)-old Ross 708 male 
broilers allocated to one of four treatment groups (6 replicate 
floor pens, 25 birds/pen): negative control (NC) group fed a 
corn-soybean meal diet; positive control (PC) fed NC + 15 
ppm Avilamycin and 125 ppm Amprolium, and two 
phytogenic additive groups PHY1 (Alterna® [phytogenic 
blend]) and PHY2 (Alterna® + Synbiotec® [phytogenic 
blend]). PHY1 was fed NC + Alterna at an inclusion rate of 
0.4 kg/MT during the starter and grower phases and 0.3 
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kg/MT during the finisher phase. PHY2 was fed NC + Alterna 
and Synbiotec at an inclusion rate of 0.4 and 0.5 kg/MT, 
respectively, during the starter and grower phases, 0.3 and 
0.25 kg/MT during the finisher phase. On d 14, all birds were 
orally gavaged with ~2,000 Eimeria maxima sporulated 
oocysts followed by one dose of approximately 1×108 CFU 
of C. perfringens on d 19. On d 21, 4 birds/pen were 
necropsied for NE lesions and on d 14 and 21, jejunal 
samples were collected to assess mRNA abundance. Birds 
were weighed on d 14, 21 and 28 on a per pen basis. 
Average daily gain (ADG), average daily feed intake (ADFI), 
and feed conversion ratio (FCR) were calculated during 
each feeding phase and adjusted for daily mortality. The 
data were analyzed using ANOVA (JMP, Pro 16), and 
significance (P≤0.05) was determined by the LSD test. 
During the challenge period d 14-21, PHY2 and PC had a 
significantly lower mortality percentage compared to NC. 
The same trend was seen on d 0-21 and d 0-28. ADG was 
significantly higher in PC, PHY1, and PHY2 compared to NC 
during d 0-14, 21-28 and 0-28. FCR was significantly lower 
in PHY1, PHY2, and PC (P<0.05) compared to NC during d 
14-21, 21-28, and 0-28. On d 21, PHY1, PHY2 and PC 
significantly reduced NE lesion severity (P=0.0002) 
compared to NC. On d 14, mRNA abundance of CLDN1 was 
significantly greater in PHY2 compared to all other 
treatments, while that of OCLN was significantly greater in 
PC on d 21. Based on these results, the combination of 
Alterna® and Synbiotec® in the diet of broiler chickens has 
the potential to improve performance, reduce pathology, and 
have a positive effect on tight junction proteins similar to an 
antibiotic growth promoter and a coccidiostat. During an NE 
challenge, these phytogenics could be considered as a 
potential alternative to alleviate disease effects. 

88 Effects of green tea extract on intestinal 
Clostridium perfringens challenge in broiler 
chicks. Tunde Ogundare*1, Olusola Jeje1, Raveendra 
Kulkarni2, Yewande Fasina1; 1North Carolina A&T State 
University, Greensboro, North Carolina, United 
States; 2North Carolina State University, Raleigh, North 
Carolina, United States. 

The study was conducted to determine the efficacy of 
polyphenol-rich Green Tea Extract (GTE) in mitigating 
intestinal Clostridium perfringens (CP) colonization and 
modulating pro-inflammatory interleukin (IL)-1ß response. In 
a 21-day experiment, 480-day-old (Ross 708) male broiler 
chicks were randomly allotted into 4 dietary treatment 
groups, each with 8 replicates in a completely randomized 
design. Each pen housed 15 birds. All 4 treatment groups 
were fed a corn-soybean meal (SBM) basal diet from d 1 to 
10, and thereafter switched to a wheat-SBM-fish meal high 
protein diet till the end of experiment (i.e. d 21). Treatments 
1 (CON), 2 (GTX), 3 (GTY), and 4 (GTZ) contained GTE 
(top-dressed in the diet) at 0, 250, 500, and 1000 mg/Kg diet. 
Furthermore, these 4 treatment groups were divided into 2 
viz unchallenged (CON, GTX, GTY and GTZ) and 
challenged (ACON, AGTX, AGTY and AGTZ), thereby 
constituting a total of 8 treatments. On d 17, 18, 19 and 20 
of the experiment, chicks in the challenged treatments were 
orally inoculated with 3 mL of CP26 isolate (between 9.4 x 
109 Colony Forming Unit (CFU)/ml and 1.7 x 1010 CFU/mL), 
while those in the unchallenged treatments (CON, GTX, 
GTY and GTZ) were mock challenged with sterile fluid 
thioglycolate media twice daily. On d 16 (pre-challenge) and 

d 5 post-challenge (i.e. d 21 of Experiment), one chick / pen 
was randomly euthanized and aseptically necropsied for the 
removal of the jejunum and ileal content for the enumeration 
of CP on blood agar. RNA was also isolated from ileal tissue 
and subjected to qRT-PCR procedures to determine the 
expression level of IL-1ß gene. All data was analyzed using 
one-way ANOVA. Pre-challenge, results showed that 
intestinal CP was similar (P > 0.05) for birds in GTX (0.41 
Log10 CFU/g), GTY (0.21 Log10 CFU/g) and CON (0.45 
Log10 CFU/g) treatments, while birds in GTZ had higher 
intestinal CP (P < 0.05; 1.64 Log10 CFU/g). Post-challenge, 
intestinal CP was lower (P < 0.05) in CON (unchallenged, 
1.03 Log10 CFU/g) and GTX birds (unchallenged, 0.86 
Log10 CFU/g), compared to their corresponding challenged 
treatments ACON (challenged, 1.59 Log10 CFU/g) and 
AGTX birds (1.55 Log10 CFU/g) respectively, thereby 
indicating that CP infection was established. Only AGTX diet 
showed a propensity to reduce intestinal CP. This notion is 
corroborated by the finding that only AGTX treatment 
induced a higher expression level of IL-1ß (P > 0.05) 
compared to ACON. It was concluded that supplementing 
GTE up to 250 mg/Kg diet could mitigate intestinal CP 
colonization in broiler chicks. 

89 Protective effects of Alterna® HTS in turkey 
poults raised in a floor pen lateral transmission model 
of Histomonas meleagridis. Abhisek Niraula*1, Davis A. 
Fenster1, Ashley Wagner2, Bertrand Medina2, Ivan D. 
Girard2, Allberta L. Fuller1, Rami A. Dalloul1; 1University of 
Georgia, Department of Poultry Science, Athens, Georgia, 
United States; 2Probiotech International Inc, Saint-
Hyacinthe, Quebec, Canada. 

Histomoniasis is a protozoal poultry disease that inflicts 
significant damage to the ceca and liver resulting in high 
mortality and major economic losses especially in the turkey 
industry. A 34-d experiment was conducted to evaluate the 
effects of a phytogenic feed supplement (Alterna® HTS) on 
performance and response of turkey poults to histomoniasis 
when raised in floor pens. Day-old female poults (n=600) 
were assigned to four treatment groups in a 2×2 factorial 
design: 1) non-inoculated control group fed a corn-soybean 
basal diet (NC), 2) NC with phytogenic supplement at 0.5 
kg/MT (ALT), 3) challenge group with basal diet (PC), and 4) 
PC with phytogenic feed supplement at 0.5 kg/MT (ALT+). 
Each treatment had 6 replicate pens with 25-27 poults/pen. 
Non-challenged and challenged birds were reared in two 
separate but identical rooms. On d 14, one third of the 
challenged groups (n=9 poults/pen) was individually wing 
tagged and directly inoculated (DI) intracloacally with 0.5 mL 

inoculum/bird (∼100,000 histomonads). The remaining birds 
were designated as non-directly inoculated (NDI) via lateral 
transmission of the parasite. Birds and feed were weighed 
on weekly basis and body weight gain (BWG), average daily 
feed intake (ADFI), and feed conversion ratio (FCR) were 
calculated. On d 34, histomoniasis lesions were scored from 
liver and ceca of PC and ALT+ birds as well as from mortality 
throughout the challenge period. Data were analyzed using 
ANOVA (JMP Pro 16) and significance (P≤0.05) between 
treatments were determined by LSD test. Phytogenic 
supplementation significantly (P<0.05) decreased FCR on d 
0-14, d 0-21 and d 0-28 compared to the basal diet groups. 
The only interaction effect was observed in ADFI during d 0-
21. Compared to the non-inoculated groups, 
the Histomonas challenge significantly (P<0.05) reduced 
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BWG and ADFI during d 14-21 and d 21-28, and increased 
(P<0.05) FCR during d 14-21. Under challenge conditions, 
the phytogenic supplementation significantly (P<0.05) 
decreased cecal lesion scores on d 34 compared to PC 
birds. DI birds exhibited significantly (P<0.05) greater liver 
lesions in PC compared to those in ALT+. Similarly, DI birds 
had significantly (P<0.05) higher liver lesion scores 
compared to NDI birds in both PC and ALT+ groups. Under 
this lateral transmission model 
of Histomonas meleagridis challenge, supplementation of 
this phytogenic product alleviated pathological effects of the 
disease by reducing lesions and improved performance by 
decreasing FCR during the peak challenge period. 

90 Effects of gut health water treatments on broilers 
with or without Campylobacter jejuni inoculation. Luis 
R. Munoz*1, Cesar Escobar Lobo3, Matthew A. Bailey2, 
William D. King4, Yagya Adhikari1, Leticia A. Orellana 
Galindo5, Vianca M. Tashiguano Encalada1, Marcela 
Quino1, Carla Guardado1, Ken Macklin6; 1Auburn University, 
Poultry Science, Auburn, Alabama, United States; 2Auburn 
University, Poultry Science, Auburn, Alabama, United 
States; 3Auburn University, Poultry Science, Auburn, 
Alabama, United States; 4Alltech Inc., Nicholasville, 
Kentucky, United States; 5Auburn University, Poultry 
Science, Auburn, Alabama, United States; 6Mississippi 
State University, Poultry Science, Starkville, Mississippi, 
United States. 

Campylobacter jejuni (CJ) is a human pathogen that is 
commonly found in poultry and their products. Reducing 
colonization levels of CJ in the intestinal tract of broilers 
could reduce contamination of poultry products during 
processing, resulting in a reduced risk of human exposure 
which could have a significant impact on food safety and 
public health. Organic acids improve nutrient digestion and 
utilization, and some research has indicated strong 
bactericidal effect against Campylobacter spp. The 
objective of this study was to evaluate the effects of organic 
acids on broiler growth performance and cecal colonization 
under a CJ challenge model. The experimental design 
consisted of a 4x2 factorial using a randomized complete 
block with pen location being the blocking factor. A total of 
2,240-day-old Ross 708 males were randomly distributed in 
64 pens with 8 replicate pens/trt and 35 birds/pen. Each pen 
was assigned to 1 of 4 water treatments groups: negative 
control (water), intermittent organic acid A (2 mL/L; days 1 to 
5 then 1 day per week), continuous organic acid A (2 mL/L), 
and continuous organic acid B (2.6 mL/L) and to 1 of 2 
inoculations: phosphate buffered saline (PBS) or CJ at 
104 CFU/mL administered via oral gavage on day 21. Three 
broilers per pen were collected on days 23, 28, 35, and 42 
for cecal CJ enumeration. Data were subjected to ANOVA 
using GLIMMIX (SAS v 9.4) and means were separated by 
Tukey’s honestly significant difference. There were no 
interaction effects (P>0.05) of water trt and inoculation on 
BW, FI, and FCR. For BWG, an interaction effect was 
observed in the starter period, where broilers inoculated with 
CJ and assigned to the negative control or organic acid A 
water treatments (intermittent and continuous) resulted with 
highest BWG than broilers inoculated with PBS and 
assigned to the negative control water trt (P=0.0344). In 
addition, organic acid A groups (intermittent and continuous) 
had highest BW at day 41 and BWG from days 1 to 41 
(P=0.0029). Cecal CJ was not detected in broilers inoculated 

with PBS. Differences in CJ colonization due to water trt 
were only observed on day 23, where broilers assigned to 
the negative control had the lowest colonization (P=0.0243). 
For days 28, 35, and 42 all broilers inoculated with CJ had 
similar colonization levels (P> 0.05). In conclusion, organic 
acid A resulted in the highest BW and BWG, however, 
organic acid administration in this study was not effective in 
lowering ceca CJ colonization of inoculated broilers. 

91 Evaluating the 21-day response of live 
coccidiosis vaccine (LCV) challenged Ross 708 x Ross 
YP male broilers to zoalene (ZOA) or a yeast postbiotic 
compounds product with fermentation products 
(YPF). Cade R. Davis*1, Dalton Dennehy2, Theresia 
Lavergne3, Carl Jones3, Charlie Elrod3, Mariana 
Nascimento5, Kelley G. Wamsley4; 1Mississippi State 
University, Poultry Science , Mississippi State, Mississippi, 
United States; 2Mississippi State University, Poultry 
Science, Mississippi State, Mississippi, United 
States; 3Natural Biologics, Inc., Newfield, New York, United 
States; 4Mississippi State University, Mississippi State, 
Mississippi, United States; 5Aleris Nutrition, Jundiai, Sao 
Paulo, Brazil. 

While many gut health products are available for use in the 
poultry industry, there is still a need for alternative products 
to help control coccidiosis. The objective of this study was to 
evaluate the response of LCV challenged Ross 708 x Ross 
YP male broilers fed different coccidiosis control feed 
additives on d 0-21 performance, d 21 lesion scores, and 
fecal oocyst counts (FOC). Four treatments (TRT) were 
created from a common diet: a positive control (PC; 
unchallenged, untreated feed), negative control (NC; 
challenged, untreated), ZOA supplemented (challenged, 
0.05% inclusion), and YPF (Provillus®; challenged, 0.05% 
inclusion). This was a randomized complete block design 
with each floor pen containing used litter and 22 birds (0.05 
m2/bird; 12 reps/TRT). The PC was given a 1x dose of LCV 
by spraying the feed at placement. The challenged TRT (NC, 
ZOA, and YPF) were given a 10x LCV dose via oral gavage 
at d 14, while the PC was given distilled water. The LCV 
contained E. acervulina, E. tenella, E. mivati, and 2 strains 
of E. maxima. Pooled FOC were collected by TRT at d 19, 
20, 22, and 23; d 21 FOC were collected from each pen. 
Also, at d 21, 1 bird/pen was scored for lesions and 6 
bird/TRT were cloacal swabbed for microbial enterotype 
analysis. Lesion scores were analyzed as a percentage of 
each score (ranging 0-4). One-way ANOVA was performed 
in SAS 9.4. From d 0-14 (pre-challenge), PC had reduced 
BW and BW gain (BWG) by 31g vs. all other TRT (NC, ZOA, 
and YPF; P<0.0001). Day 0-14 ADFI was lowest in PC vs. 
NC and YPF, with ZOA being intermediate (P=0.046). For d 
0-14 FCR, ZOA had the lowest FCR at 1.200 vs. PC (1.286) 
and NC (1.232; P<0.0001) but similar to YPF (1.213). When 
evaluating d 0-21, PC reduced d 21 BW by 48g and d 0-21 
BWG by 47g vs. all other TRT (NC, ZOA, YPF; P=0.0003). 
For d 0-21 ADFI, birds fed NC, ZOA, and YPF increased 
ADFI vs. PC (P=0.018). Furthermore, birds fed ZOA 
improved d 0-21 FCR (1.300) vs. PC (1.352) and NC (1.332; 
P=0.0003) but similar to YPF. For lesion scores on d 21, 
significance was only detected for duodenum, wherein PC 
had an increased percentage of “0” vs. all other TRT 
(P=0.0003). Moreover, d 21 FOC resulted in the greatest 
eggs/g for YPF (48523 eggs/g), with the lowest observed for 
PC (6740 eggs/g) and ZOA (12458 eggs/g), and NC (31215 
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eggs/g) being intermediate (P<0.0001). Microbial 
enterotypes obtained also indicated that YPF had a greater 
presence of biomarkers associated with improved FCR vs. 
ZOA birds. These data indicate that YPF may not eliminate 
oocysts but may help mitigate a coccidiosis infection by 
producing beneficial microbiota. Future research should 
investigate YPF efficacy under similar conditions, but in an 
extended grow-out with processing. 

92 Chitosan Oligosaccharides as a Potential 
Alternative to Antibiotic Growth Promoters in Broiler 
Diets: Effects on Immune Responses, Intestinal 
Morphology and Eimeria Oocyst Count. Emanuele 
Goes*1, Weijuan Huang1,2, Lingyun Chen1, Doug 
Korver1; 1University of Alberta, Department of Agricultural, 
Food and Nutritional Science, Edmonton, Alberta, 
Canada; 2South China Agricultural University, College of 
Food Science, Guangzhou, China. 

The phasing out of antibiotic growth promoters (AGP) from 
broiler diets has led to the re-emergence of necrotic enteritis 
(NE), and effective AGP replacements must be found. 
Dietary chitosan oligosaccharides (COS) of varying 
molecular weights have been tested as potential AGP 
replacements. Previously we reported that medium Mw COS 
(95 kDa) partially restored broiler BW gain after an NE 
challenge and increased cecal Lactobacilli abundance 
compared to broilers not fed AGP. From that study, the most 
promising treatments were further evaluated to determine 
the effects of COS on immune modulation, gut morphology, 
and Eimeria oocyst counts in the intestine of broilers. 
Treatments were: positive control (PC; diet with antibiotic 
and coccidiostat), a negative control (NC; diet without 
medications), and NC plus COS 95 kDa at either 0.2 or 5 
g/kg of the diet. Each treatment was fed to 8 replicate pens 
of 18 birds. A natural, subclinical NE challenge model (oral 
15X coccidiosis vaccine dose at 12 d and a 24-hour feed 
removal at 18 d) was applied to all birds. At 22 d, samples 
from 16 birds/treatment were collected for serum cytokine 
and chemokine concentrations, and 3 cm of the proximal 
jejunum for intestinal morphology measurements. Data were 
analyzed by ANOVA with means compared by Tukey’s test 
at 5% probability. NC birds had 345% greater serum 
interferon-α than PC birds (1.53 ± 1.41 pg/mL), while levels 
in birds fed COS 95 kDa at 0.2 and 5 g/kg were similar to 
both PC and NC. COS 95 kDa at 0.2 g/kg increased 
interleukin-16 levels by 63.69% compared to PC (51.80 ± 
12.66 pg/mL), while NC and COS 95 kDa at 5 g/kg were not 
different (64.17 ± 26.58 and 61.30 ± 21.18 pg/mL, 
respectively). Macrophage Inflammatory Protein-3α was 
higher in COS 95 kDa at 0.2 g/kg (by 74.21%), and NC (by 
67.57%) compared to PC (57.30 ± 35 pg/mL) but similar to 
COS 95 kDa at 5 g/kg (68.67 ± 52 pg/mL). COS 95 kDa at 
0.2 g/kg increased villus height by 9.04% compared to the 
NC (1,562.13 ± 355 µm), while PC and COS 95 kDa at 5 
g/kg had intermediate villus height (1,623.27 ± 194.04 and 
1,626.10 ± 284.71 µm, respectively). The NC group had a 
higher number of Eimeria oocysts per microscopic field at 5x 
magnification (N=40) and deeper crypts (241.2 ± 56 µm) 
than PC (N= 6 and 174.66 ± 38.69 µm, respectively), COS 
95 kDa at 0.2 g/kg (N=14 and 202.67 ± 45.82 µm), and COS 
95 kDa at 5 g/kg (N=16 and 211.00 ± 49.98 µm). COS 95 
kDa might assist in the shift from innate to adaptive immune 
responses while maintaining intestinal morphology, and 
without reducing performance (data not shown). COS 95 

kDa may be part of a strategy to replace in-feed AGP in 
broiler; however, further mechanistic studies are required. 

93 Effect of a Bacillus-based probiotic on fecal 
shedding and cecal Salmonella Enteritidis in laying 
hen. Ishab Poudel*1, Alamanda Calvert2, Aaron S. Kiess3, Li 
Zhang4, Pratima Adhikari5; 1Mississippi State University, 
Poultry Science, Mississippi state, Mississippi, United 
States; 2BioMatrix Intl, Princeton, Minnesota, United 
States; 3North Carolina State University, Prestage 
Department of Poultry Science, Raleigh, North Carolina, 
United States; 4Mississippi State University, Poultry 
Science, Mississippi State, Mississippi, United States; 5MS 
State University, Poultry Science, Mississippi State, 
Mississippi, United States. 

A study was conducted to evaluate the efficacy of a Bacillus-
based probiotic to reduce the magnitude 
of Salmonella Enteritidis (SE) infection in laying hens. A total 
of 72 Hy-Line W-36 hens were placed in the ABSL2 facility 
in the top, middle, and bottom tier cages at the Poultry 
Research Center, Mississippi State University. The 
experiment was designed as a completely randomized block 
design with a single pen consisting of two birds considered 
as an experimental unit and a tier of the cage as a blocking 
factor. All birds were screened for SE before the experiment. 
After confirming that all birds were negative for SE, three 
treatments were applied: control diet (CON), CON 
+ Bacillus spp at 2 x 106 CFU/g (PRO1), and CON 
+ Bacillus spp 4 x 106 CFU/g (PRO2). Birds were adapted to 
the experimental diets for one week. Feed and water were 
provided ad libitum. Birds were orally challenged for two 
consecutive days with approximately 109 colony-forming 
units (CFU) of nalidixic-resistant SE at 24-weeks of age. 
Fecal samples were collected at 0, 3- 7-, and 14-days post 
inoculation (dpi). Ceca were collected aseptically on 7 and 
14 dpi. All samples were serially diluted in buffer peptone 
water (BPW) and 100 µl of each sample was inoculated onto 
a xylose lysine tergitol 4 (XLT4) plate with 200 ppm nalidixic 
acid using the direct plate method. Data were log-
transformed and analyzed using the PROC GLIMMIX 
procedure of SAS 9.4. In the ceca, PRO1 reduced the 
concentration of SE by 0.9 logs at 7dpi (P=0.046). Although 
the decrease of SE by 0.4 and 0.6 logs in the ceca at 14dpi 
was observed for both PRO1 and PRO2, respectively, these 
outcomes were not statistically significant, indicating a trend 
(P<0.08). Similarly, the PRO1 and PRO2 reduced SE 
concentration by 0.8 and 0.75 logs at 14 dpi in fecal samples 
using direct plating (P=0.02). There were no differences in 
fecal shedding at 0, 3 and 7 dpi. In conclusion, Bacillus-
based probiotics have the potential to reduce the magnitude 
of SE in both the ceca and fecal samples of laying hens. 

94 The effect of increasing levels of omega-3 fatty 
acids from either flaxseed oil or preformed 
docosahexaenoic acid on performance, fatty acid 
composition and immune responses 
to lipopolysaccharide (LPS) challenge in pullets. 
Shengnan Li*1, Mingyan Jing2, Maryna Plaksii1, Shusheng 
Zhao2, Harold Aukema2,3, James House1,2,4; 1University of 
Manitoba, Department of Animal Science, Winnipeg, 
Manitoba, Canada; 2University of Manitoba, Department of 
Food and Human Nutritional Sciences, Winnipeg, Manitoba, 
Canada; 3St. Boniface Research Centre, Canadian Centre 
for Agri-Food Research in Health and Medicine, Winnipeg, 
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Manitoba, Canada; 4University of Manitoba, Richardson 
Centre for Food Technology and Research, Winnipeg, 
Manitoba, Canada. 

The nutrition guidelines for feeding omega-3 
polyunsaturated fatty acids (PUFA) to pullets are limited. We 
hypothesized that α-linolenic acid (ALA) and/or 
docosahexaenoic acid (DHA) in the diet can impact birds’ 
productivity and immune responses when treated with LPS. 
The research aimed to determine the potential nutritional 
and health benefits to pullets when receiving increasing 
levels of omega-3 PUFA from either flaxseed oil (FO) or DHA 
algal biomass. The study was designed as a Completely 
Randomized Design. A total of 315, day-old Dekalb white 
pullets were raised in a cage-rearing system (98 cm deep x 
68 cm wide x 37 cm high) and were randomly assigned to 1 
of 7 treatment diets, including a control, and 0.2%, 0.4%, or 
0.6% of total dietary omega-3 PUFA, as either ALA-rich FO 
or DHA-enriched algal biomass. Each cage was considered 
an experimental unit with 5 pullets and 9 cages per 
treatment. At termination (16th week), 2 birds from the same 
cage (7 cages were randomly selected for each treatment) 
were challenged with either Escherichia coli-derived LPS (8 
mg/kg; i.v. injection; n=7) or saline (n=7). Liver, spleen, and 
plasma were collected 2 hours post-challenge for 
subsequent analyses. Data were analyzed as two-way 
ANOVA, using MIXED procedure of SAS with Tukey’s test 
to compare for significant differences (P < 0.05). The 
Shapiro-Wilk test was used for assessing normal 
distribution. No significant difference was noted in 
performance including body weight, feed intake and feed 
conversion ratio. Increasing levels of either ALA or DHA 
increased total and individual omega-3 PUFA and reduced 
the ratio of omega-6 to omega-3 PUFA in liver and plasma, 
with the ALA- and DHA-groups depositing more ALA and 
DHA, respectively. Plasma arachidonic acid (ARA) was 
reduced especially in the DHA-fed group, whereas liver ARA 
decreased in both omega-3-supplemented diets compared 
to the control. As expected, ALA-derived oxylipins were 
higher in ALA group. Feeding DHA contributes to increasing 
eicosapentaenoic acid (EPA) and DHA oxylipins and 
decreasing ARA oxylipins. In addition, LPS significantly 
decreased plasma ARA and increased ARA-generated 
oxylipins. LPS induced the mRNA expression of TNF-α, INF-
γ and TLR-4 in the spleen, and INF-γ was noted to decrease 
with the increasing levels of ALA and DHA in the diet. The 
results reported that dietary intake of ALA and DHA had 
unique impacts on fatty acid deposition and oxylipin 
synthesis under the administration of LPS in pullets without 
the impact on performance. Additionally, increasing levels of 
omega-3 PUFA can decrease the expression of INF-γ. 

95 In vitro screening and evaluating the beneficial 
effects of eubiotics on intestinal functions through an 
apical-out chicken enteroids model. Peter Mann*1, Jundi 
Liu2, Liang-en Yu3, Ross Wolfenden2, Yihang Li4; 1University 
of Delaware, , Newark, Delaware, United States; 2Eastman 
Chemical Company, Kingsport, Tennessee, United 
States; 3University of Delaware, Animal and Food Science, 
Newark, Delaware, United States; 4University of Delaware, 
Animal and Food Sciences, Newark, Delaware, United 
States. 

The restricted use of antibiotic growth promoters (AGP) in 
animal production has led to great interest in developing 

alternative feed additives. Short- and medium-chain fatty 
acids and their derivatives, as well as botanical bioactive 
compounds have shown beneficial effects on improving 
broiler growth performance. However, the effects and 
optimal doses of these eubiotics on intestinal functions have 
not been fully elucidated in broiler chickens. The present 
study aimed to identify the optimal doses of monobutyrin 
(MB), monolaurin (ML), calcium butyrate (CaB), carvacrol 
(CR), and curcumin (CU) for improving intestinal barrier, 
anti-oxidation, and anti-inflammation functions through an in 
vitro chicken enteroids model. The 3D apical-out enteroids 
were established from E18 broiler embryonic small intestine 
and were allowed to culture for 2 days before reaching the 
stable state. At d 3 in culture, serial doses of the selected 
eubiotics were added to the culture media for 24 h. Cytotoxic 
effects were measured by cell viability and enteroids 
integrity. The enteroids were then challenged on d 4 with 
either lipopolysaccharides (LPS, 15 ug/mL) or menadione 
(MD, 400 uM) to induce inflammation or oxidative stress, 
respectively. At 6 h-post treatments, the gene expressions 
of tight junction proteins (CLDN1, CLDN2, ZO1, OCCL), 
cytokines (TNF-α, IFN-γ, IL-1β, IL-6, IL-10), and antioxidant 
enzymes (Nrf2, Catalase, GPx4, SOD) were measured via 
RT-PCR. Barrier functions were measured via permeability 
of fluorescein isothiocyanate-dextran (FD4). Oxidative 
status was measured by the generation of reactive oxygen 
species (ROS) after 1 h of MD challenge. Data were 
analyzed using the student’s t-test. Results showed that 1 
mM MB, 1 mM CaB, and 2.5 uM ML improved barrier 
function under the LPS challenge, indicated by upregulated 
tight junction proteins (CLDN1, OCCL) gene expression and 
downregulated cytokine (TNF-α, IL-6, IFN-γ) gene 
expression (P ≤ 0.05). MB at 1 mM significantly reduced 
enteroids ROS production under MD challenge. Both 5 uM 
CR and 10 uM CU reduced ROS generation with or without 
MD challenge, via upregulating antioxidant enzyme (SOD) 
gene expression (P ≤ 0.05). However, high doses of 
eubiotics (50 uM CR, 10 uM CU, 10 uM ML, 5 mM CaB, 5 
mM MB) exhibited negative effects on above 
measurements. In conclusion, our data identified the optimal 
doses of selected eubiotics for improving the in 
vitro intestinal barrier, anti-oxidation, and anti-inflammation 
functions in broilers. The current in vitro apical-out enteroids 
model that closely recapitulates chicken intestinal mucosa 
can serve as an effective tool for screening eubiotics 
products and to investigate the integral intestinal functions. 

96 Longitudinal Characterization of the Effect of 
Probiotics and Essential oils on Broilers' 
Microbiome. Ana Fonseca*3, Sophia Kenney3, Emily Van 
Syoc3, Stephanie Bierly3, Francisco Dini-Andreote2, Justin 
Silverman1, Erika Ganda3; 1The Pennsylvania State 
University, College of Information Sciences and Technology, 
University Park, Pennsylvania, United States; 2The 
Pennsylvania State University, Department of Plant Science, 
University Park, Pennsylvania, United States; 3The 
Pennsylvania State University, Animal Science, University 
Park, Pennsylvania, United States. 

Poultry producers have used antimicrobial supplementation 
in broiler diets to improve feed efficiency, growth rate, and 
intestinal health. However, consumers' apprehension and 
governmental regulations regarding antimicrobial resistance 
have led the poultry industry toward antimicrobial-free 
systems. Natural additives such as probiotics and essential 
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oils are promising replacements for antimicrobial growth 
promoters. The purpose of our study was to longitudinally 
characterize the effects of a probiotic and an essential oils 
blend on broilers’ gut microbiome. 320 chicks were randomly 
allocated in 32 cages with eight replicates of ten broilers per 
cage and were raised until day 21. Treatments consisted of 
4 diets: a basal diet, a basal diet mixed with an antibiotic 
(Bacitracin Methylene Disalicylate - BMD), a basal diet 
mixed with an essential oil blend, and a basal diet mixed with 
a probiotic (Bacillus subtilis). Stool droppings were collected 
daily to longitudinally characterize the broilers’ microbiome, 
which was obtained by targeted sequencing of the V4 region 
of the 16S rRNA gene using an Illumina platform. To assess 
the effect of a probiotic and an essential oil products on 
broiler chicken microbiome, alpha diversity was calculated 
as the Shannon index, and treatment groups were compared 
with repeated measures analyses of variance (ANOVA), with 
time, treatment, and their interactions as independent 
variables. Beta diversity differences were analyzed with 
permutational multivariate ANOVA, with time, treatment, and 
their interaction using the Adonis test on Aitchison distances, 
and differential relative abundance was assessed using 
linear models on log2 fold change. Differences at P ≤ 0.05 
were deemed to be significant. The most abundant phyla 
were Firmicutes and Proteobacteria and the most abundant 
genera were Lactobacillus and Enterococcus. Alpha 
diversity (Shannon index) showed a rapid increase over the 
first four days, followed by fluctuations and an overall 
decrease over the experimental period. When comparing the 
effect of treatment, age, and their interaction on the Shannon 
diversity index, we observed that only age was significantly 
associated with the diversity of broilers' microbiomes (P = 
5.64e-07). In beta diversity, we observed that there was a 
significant effect of age (P = 0.001) and treatment ( P = 
0.006 ), but not their interaction ( P = 0.120). Supplementing 
chicken diets with probiotic and antibiotic significantly 
changed the relative abundance of specific bacterial genera 
compared to the basal diet. In conclusion, age impacted 
microbiome succession as differences in alpha and beta 
diversity were detected longitudinally and the antibiotic 
seems to shift broilers’ gut microbiome. 

97 The Evaluation of Gut Microbiota and 
Performance of Cobb 500 Broilers when Black Soldier 
Fly is Used as a Protein Substitute. Kamaryn S. 
Beamsley*1, Mollie Cobb1, Elizabeth B. Holda1, Travis 
Williams1, Mridula Gupta1, Jeff Tomberlin2, Christopher A. 
Bailey1, Giri Athrey1; 1Texas A&M University, Poultry 
Science, College Station, Texas, United States; 2Texas 
A&M University, Entomology, College Station, Texas, United 
States. 

Global demand for animal protein exceeds the supply that 
current production systems can yield, due to constraints on 
animal feed ingredients. This increase in consumer demand, 
along with changing consumer preferences for sustainable 
agricultural practices is challenging the current models of 
poultry production. Due to the massive scale of poultry 
production (>9B broilers/year for the US market), even minor 
changes in feed usage have the potential to impact land and 
water usage greatly. For example, a 0.5% substitution of 
soybean with alternative protein sources can help reduce 
thousands of acres from cultivation. The Black Soldier Fly 
(BSF; Hermetia illucens) is one well-studied alternative 
protein source for animal feed and may improve gut health 
and function due to their unique nutritional composition. One 
of the aspects that remain unclear about BSF inclusion in 
poultry feed is its benefits for gut health. If BSF inclusion 
provides health and performance, such data can form a 
foundation for faster and widespread adoption of these 
alternative nutrient sources. To answer these questions, this 
study focused on characterizing the growth performance, 
homeostatic biomarkers, and gut microbiota of Cobb 500 
commercial broilers raised on different percentages of BSF 
in the feed as a protein alternative to soybean. At least 14 
Broilers per treatment were randomly assigned to one of five 
dietary treatment groups of between 0% and 10% BSF 
inclusion rates on the day of hatch with four replicate pens 
per treatment. For the 49 day project, five broilers per 
treatment were randomly selected on day 1, monitored, and 
sampled at weekly intervals. At each sampling time point, 
cloacal swabs were taken with the addition of a blood sample 
at weeks 4 and 7 of age in accordance with Texas A&M 
University IACUC AUP 2022-0284. Plasma was fractionated 
from the blood samples to quantify the concentrations of 
crucial inflammation and stress biomarkers. Body weights 
per treatment were tested for normality using the Shapiro 
Wilks test and qq-plots which concluded non-normality of our 
data (p-value=2.922e-07). Therefore, when analyzed using 
a Kruskal-Wallis test, body weights between treatments 
were not significantly different (p-value=0.9871). The 
amplification of the V4 hypervariable region of the 16s rRNA 
gene requires sequencing amplicons on the MiSeq Platform 
and were validated with the metagenomic dataset. Our 
analytical pipeline includes the use of Mothur and PhyloSeq 
programs. Characterization of microbial gene content was 
generated from whole shotgun metagenomic sequences 
using MetaSpades, and PICRUST2 to predict gene function. 
This study confirms the suitability of BSF inclusion in poultry 
diets. 

98 Not Presented. 
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99  Effect of body weight trajectories on broiler 
breeder sexual maturation and egg production. Thiago 
L. Noetzold*1, Jo Ann Chew1, Camila R. de Freitas1, 
Etseoghena Obi1, Martin J. Zuidhof1; 1University of Alberta, 
Department of Agricultural, Food and Nutritional Science, 
Edmonton, Alberta, Canada. 

A study was designed to analyze the effect of broiler breeder 
pullet BW on sexual maturation and egg production. We 
hypothesized that early BW growth and advanced pubertal 
growth would advance sexual maturation and egg 
production compared to standard or delayed growth rates in 
broiler breeders. A precision feeding (PF) study was 
conducted alongside a standard conventional feeding (CON) 
system from 0 to 60 wk of age. 390 Ross 308 broiler breeder 
females were randomly assigned to various BW trajectories. 
In the PF study, the BW trajectories were designed using a 
3-phase Gompertz model: , where i was the amount of gain 
occurring in phase i (i=1 to 3); bi was the rate of maturing of 
phase i; I was the inflection point of phase i; and t was age 
(wk). The PF study had a 2 × 6 factorial treatment 
arrangement of growth trajectories, with 2 levels of extra 
growth in phase 1 ( 1; EG): standard, where 1 was equivalent 
to the phase 1 growth estimated from the breeder-
recommended (BR) target, or a 20% shift from 2 (pubertal 
phase growth) to 1; and six I2 where the inflection point of the 
pubertal growth spurt (PGS) ranged from 15 to 23 wk. CON 
males and females were grown to the BR target BW for 
direct comparison to the PF males and females, also grown 
to the BR target BW. Body weight was recorded every time 
birds visited the feeding stations in the PF system, with 
multiple visits for each bird throughout the day. In the PF 
trial, birds of all treatments were placed in 3 large pens, and 
treatments were applied to each individual bird where each 
bird was an experimental unit. Weekly BW and feed 
allocation were recorded for the CON system, consisting of 
two replicate pens with 36 birds each. Pen was the 
experimental unit in the CON system. Sexual maturation 
was considered at the age of the first egg (AFE) and verified 
through cloacal palpation. Individual egg production was 
measured with radio frequency identification equipped nest 
boxes. The PF experiment was submitted to ANCOVA with 
one discrete variable (EG) and a continuous variable (PGS). 
Comparisons between CON and PF systems were made 
using a 2-way ANOVA with feeding system and age as 
sources of variation. In the PF study, for every week of 
advanced PGS, AFE was 0.9 d earlier BW at first egg 
increased by 79.3 g per week of advanced PGS in the 
standard EG group, and 58.8 g per week of advanced PGS 
when EG was increased by 20% (P < 0.05). Total egg 
production to 60 wk increased by 3 eggs per week that PGS 
advanced in the PF study. Fertility was 93.7 % in the PF 
system compared to 88.8% in the CON system (P = 0.05). 
In summary, advancing PGS increased egg production, and 
the PF system yielded greater fertility compared to the CON 
system. 

100 Commingled or sex separate rearing with 
standard or increased feed intake on broiler breeder 
cockerel growth. Hunter Mason*1, Luis P. Avila1, Venkata 
Sesha Reddy Choppa1, Woo K. Kim1, Jeanna 

Wilson1; 1Uiversity of Georgia, Poultry Science, Athens, 
Georgia, United States. 

US customers have a high demand for lean chicken meat 
forcing primary breeders to prioritize meat yield and feed 
conversion traits in broilers. To control feed intake and BW 
gain of breeders, there is a trend to grow cockerels and 
pullets separately (SS) instead of traditional commingling 
(CO), where males receive the same feed allowance of 
females. The objectives of this study were to compare the 
growth performance and body components’ development of 
males reared SS or CO. Half of the CO pens were fed 
standard pullet allowance (STD) recommended by primary 
breeders and the other half a higher (HI) industry pullet feed 
allowance (average 24% more feed). Therefore, three 
treatments were established: STD-SS, STD-CO, and HI-CO. 
Day old Aviagen YP male chicks (n=606) were randomly 
distributed between two SS and four CO pens. Cockerels 
placed in SS pens (n=219) had no contact with Ross 708 
pullet chicks, while CO males were reared at a 5:1 pullet-to-
male ratio (n= 211 pullets and 42 cockerels/pen). All birds 
were ad libitum-fed for 7 d, limited fed from 8-35 d, and skip-
a-day fed from 36 d to 21 wk using a chain feeder. All birds 
were fed a common crumble starter and mash grower diet. 
A sample of 25% of the birds were weighed weekly to adjust 
feed allowance, and all birds at wk 5, 10, 15, and 20. Testes, 
breast, and hearts were excised and weighed at 11, 16, and 
21 wk of age from sampled cockerels prior to being scanned 
with a dual energy X-ray absorptiometry (DEXA) scanner, 
which measured bone density and body composition. Data 
were analyzed by SAS v. 9.4, using GLM procedure and 
means were separated by LSMEANS (significance set 
at P≤0.05). Males reared SS were heavier than STD-CO and 
HI-CO at wk 5, 10, 15, and 20 (P<0.001). During the early 
stages of rearing (wk 5-10), STD-SS and HI-CO males had 
improved uniformity compared to STD-CO cockerels 
(P=0.03). During the later stages of rearing (wk 15-20), STD-
SS cockerels were more uniform than STD-CO and HI-CO 
males (P=0.011). Testes weight was unaffected by 
treatment at all ages. Gross necropsy showed that at 11 wk, 
STD-SS males had heavier breasts as compared to STD-
CO and HI-CO males (P<0.001). At wk 16, STD-SS males 
had 4.8% fat while STD-CO had 2.7% (P=0.008). The STD-
CO males had greater relative muscle mass as compared to 
STD-SS males at 16 wk (P=0.011). The STD-SS males had 
increased bone mineral density at wk 21, but only compared 
to STD-CO (P=0.043). In conclusion, SS-rearing method 
was more effective on achieving the male strain BW goal as 
compared to STD-CO and HI-CO, resulting in more uniform 
males with increased bone mineral density at the end of 
rearing. 

101 Impact of Maternal and Offspring Feeding 
Systems on Broiler Performance. Camila R. de Freitas*1, 
Etseoghena Obi1, Thiago L. Noetzold1, Martin J. 
Zuidhof1; 1University of Alberta, Edmonton, Alberta, 
Canada. 

This study aimed to investigate the impact of maternal and 
offspring feeding systems (FS) on the performance and 
carcass yield of the broiler. We hypothesized that broiler 
breeders and progeny FS would not affect the offspring. 
Broiler breeders were randomly assigned to two FS: 
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conventional (MatCON n=42) and precision feeding 
(MatPF n=22), and fed following the broiler breeder Ross 
308 BW target. Settable eggs were collected, identified 
according to the dam, and pedigree-hatched to preserve the 
maternal identity in 3 maternal ages: 32, 42 and 52 wk. From 
maternal treatments, 127 broiler chicks were obtained and 
mainly assigned to a precision feeding system (PF, n=92); 
35 chicks were placed in a pooled group and fed 
conventionally (CON). In both scenarios, broilers were 
raised following Ross 308 guidelines and individually 
weighed from 0 to 7 d. On d 8, each chick received a unique 
radio frequency identification chip, allowing the PF system to 
record BW and feed intake (FI) individually for PF birds every 
time they visited the stations. The CON group was 
individually weighed weekly from 0 to 42 d. However, FI 
distinguishing MatCON or MatPF treatments could not be 
measured in the CON offspring. All broilers were dissected 
at 42 d. Sex was confirmed by gonad inspection, and breast 
muscle (P. major + P. minor) and abdominal fat pad weights 
were recorded. Each broiler was considered an 
experimental unit. Data were analyzed using the MIXED 
procedure of SAS. Progeny FS was included in the model as 
a covariate, except for FCR and FI analyses. Maternal FS 
did not affect BW, cumulative FI or FCR of progeny. 
Independent of maternal FS, males were heavier from 35 to 
42 d and had lower cumulative FCR from 14 to 42 d than 
females (P < 0.01). Offspring from young breeders (32 wk) 
had lower cumulative FCR at 42 d compared to offspring of 
older breeders (52 wk and 42 wk, P < 0.01). Breast yield (% 
of live weight) and weight of abdominal fat were higher in 
females than in males (P < 0.05). MatPF broilers had lower 
breast yield (P < 0.05) than MatCON broilers, which was 
related to a reduction of breast yield in MatPF males (P < 
0.01). CON birds were heavier from 7 to 42 d (P < 0.01) and 
had higher breast yield (P < 0.05) compared to the PF group. 
This is associated with challenges in learning to eat 
exclusively from station feeders in the PF group in their first 
wk of age. In conclusion, maternal FS did not affect 
performance, but the MatPF system reduced broiler breast 
yield at 42 d. Progeny CON had higher BW and breast yield 
at 42 d. 

102 Assessment of bone development and 
mineralization on tibia, femur and humerus on Cobb 500 
and Ross 708 broilers during a 42-day grow out 
period. Hanyi Shi*1, Doyun Goo1, Jinquan Wang1, Jihwan 
Lee1; 1University of Georgia, Poultry Science Department, 
Athens, Georgia, United States. 

The objective of the study was to assess the development 
and mineralization of Cobb 500 and Ross 708 broiler bones 
during 0 to 42 d period. Broilers were reared on the fresh 
litter with an ad libitum access to feed and water. The diet 
was formulated to meet or exceed the nutrient requirement 
of each strain. At d 0, 7, 14, 21, 28, 35, and 42, ten birds 
from each group (Cobb or Ross) close to the target body 
weight were selected based on the breeder guidelines 
(n=10). Tibia, femur, and humerus were collected to 
determine the length (mm), ash weight (g), ash percentage 
(%), and ash concentration (mg/cm3). The data were 
regressed against bird age using the PROC REG in SAS by 
linear (length) or polynomial (ash weight, percentage, and 
concentration) models to estimate the bone development 
and mineralization parameters. Both Cobb 500 and Ross 
708 shared similar characteristics in bone parameters. All 

three bones were linearly elongated over the 42 d grow out 
period (P < 0.0001, R2 > 0.98). Tibia bone length was 
increased by, on average, ca. 2 mm/day for both breeds. 
Similarly, the length of femur and humerus were increased 
ca. 1.4 mm/day for both breeds. Meanwhile, ash weight, ash 
percentage, and ash concentration from all three bones from 
two breeds were fitting well in a polynomial model (P < 
0.0001, R2 > 0.85). From the fitted model, daily ash 
deposition in tibia (mg of ash/day) was increased as birds 
grow during the 42-d period (Cobb: ash 
weight=1.77099×Day2+17.69969×Day-39.23162, Ross: ash 
weight=1.95641 ×Day2+13.20898×Day-38.56971). A similar 
trend was found on femur and humerus ash weight for both 
breeds. However, tibia ash concentration and percentage 
showed a different trend. The fitted tibia ash percentage 
model had a negative quadratic term coefficient, which 
suggested ash percentage were plateaued on 34 and 31 d 
at ca. 43% for Cobb and Ross birds, respectively. While ash 
concentration peaked at 37 d and 35d at ca. 170 mg/cm3 for 
Cobb and Ross birds, respectively. Similarly, femur ash 
percentage and concentration peaked around 30 d of age at 
ca. 41% and ca. 164 mg/cm3. For humerus bones, ash 
percentage and concentration peaked at ca. 43% and ca. 
180 mg/cm3 at 30 d of age, respectively. In conclusion, 
results from the current study provide a reference on the 
bone development and mineralization for both performance 
and health purpose on two of the most common breeds in 
the U.S. Both breeds showed almost identical characteristics 
on bone development and mineralization during the 42 d 
grow out period. Additionally, the current results suggested 
that birds may have higher risks for bone health issues as 
they grow old because the ash percentage and 
concentration peaked around 30 d of age. 

103 The effects of transport box density on day-of-
hatch leghorn chicks. Sameeha Jhetam*1, Tory 
Shynkaruk1, Kailyn Buchynski1, Trever Crowe1, Andrew G. 
Van Kessel1, Karen Schwean-Lardner1; 1University of 
Saskatchewan, Animal and Poultry Science, Saskatoon, 
Saskatchewan, Canada. 

Due to the stress on newly-hatched chicks caused by 
transportation, the environmental conditions are tightly 
controlled. Based on welfare organizations’ concerns 
regarding high stocking density (SD) in delivery boxes, a 
field trial, in conjunction with hatchery staff, was conducted 
at a commercial hatchery to understand SD effects on chick 
stress and box microclimate. Lohmann LSL-Lite chicks 
(n=3630) were placed in rectangular plastic transport boxes 
(experimental unit: 58x46cm) for a 7-h simulated transport 
(ST) period (uncontrolled humidity; 25oC). The SD 
treatments (trt) used were 80, 100, or 120 chicks/box (33.4, 
26.7, or 22.2 cm2/chick). To mimic stacking of chick boxes, 
an empty box with chick paper was placed on top of each trt 
box and boxes were kept next to each other (6 boxes/trt). 
Group BW was recorded pre- and post-ST. The parameters 
measured pre- and post-ST on 12 chicks/trt were vent 
temperature, corticosterone, electrolytes, glucose, and yolk 
sac usage. Temperature and relative humidity (RH) were 
recorded every 5-min. Thermal images were taken every h 
to record minimum and average temperature of the box area. 
From the thermal image, unused area (area of the box where 
chicks were not present) was calculated using area-
calculator software to determine the spatial area used per 
chick. Data were analyzed as a completely randomized 
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design using a one-way ANOVA in SPSS 29. Differences 
were considered significant when P<0.05 and trends noted 
at P<0.10. All data are presented in ascending order of SD 
trt (80, 100, or 120 chicks/box). Change in BW (P=0.84), 
vent temperature (P=0.94), and corticosterone (P=0.95) did 
not differ between trt post-ST. Yolk sac weights post-ST 
tended to be lower in the 100 trt compared to the 80 or 120 
trt (3.61, 2.58, 3.63g; P=0.06). Chloride was lower pre-ST 
compared to all trt post-ST (119.25 vs 122.00, 122.42, 
121.25 mmol/L; P<0.003). Glucose in birds pre-ST (11.53) 
and in the 80 trt was higher than in birds in the 100 and 120 
trt (11.26, 11.15, 11.08 mmol/L; P=0.003). The box 
temperature (32.49, 33.04, 34.91oC; P<0.001) and RH 
(19.23, 20.23, 20.92%; P<0.001) increased with increasing 
SD. Thermal images showed the minimum temperature and 
temperature variability in the box was lowest in the 80 trt 
compared the 100 and 120 trt (19.90, 21.70, 
22.10oC; P<0.001). The spatial area used per chick differed 
between trt (27.73, 22.54, 18.59cm2; P<0.001). Therefore, 
chicks occupied less spatial area than the total available 
space per chick in each trt. In conclusion, despite differences 
in the microclimate between trt when room temperature was 
strictly controlled to simulate truck temperature, birds were 
able to thermoregulate with no effects on BW or stress. 

104 Influence of cage rearing density on pullet growth 
parameters and fearfulness. Dimitri M. Malheiros*1, 
Kenneth E. Anderson2; 1NC State, Prestage Department of 
Poultry Science, Wake Forest, North Carolina, United 
States; 2North Carolina State University, Poultry Science, 
Raleigh, North Carolina, United States. 

Understanding the influence of rearing density on pullets is 
a topic of interest as consumer awareness of animal welfare 
increases the scrutiny of the industry. The use of 
conventional cages for laying hens is now perceived, by the 
consumer, as having detrimental impacts on animal welfare. 
However, studies on the differing densities impact on pullets 
is limited, especially in regard to carryover effects on 
parameters explored in this study that address consumer 
concerns and welfare. For this experiment 1122 Hy-Line W-
36 pullets were allocated to three different density 
treatments during the rearing period. The three experimental 
densities were: 445 cm2, 361 cm2, and 310 cm2 per bird, and 
there were 7 replicates per treatment. The 310 cm2 density 
served as our industry standard control treatment. These 
pullets were reared in Big Dutchman quad deck cages with 
each cage measuring 155 cm by 168 cm. Feed and water 
was provided ad libitum. Performance data was collected by 
period, totaling 8 two-week periods for the rearing period. 
Blood chemistry was collected by IStat at 16 weeks of age. 
Additionally tonic immobility (TI) was assessed at 16 weeks 
as a measurement of fearfulness. Data was analyzed using 
JMP Pro 17, and significance was determined at P<0.05. 
Tukey’s HSD was used to determine differences between 
the means. Pullet feed consumption was statistically 
significant (P<.0001), with the 445 cm2 pullets having higher 
consumption when compared to the other treatments. 
Weight gain, FCR, and mortality was not different between 
treatments. Blood pH was affected (P<0.0197), where 361 
cm2 pullets demonstrated a higher blood pH compared to 
310 cm2 pullets. PCO2/mmHg showed significance 
(P<0.0075), where 310 cm2 pullets had higher values 
compared to either treatment. Beecf/mmol/L, sO2%, and Hg 
g/dL showed no significance between treatments. At 16 

weeks the pullets reared in 310 cm2 density showed higher 
fearfulness responses compared to 445 cm2 reared pullets 
during TI. In conclusion, 361 cm2 pullets had higher values 
for pH when compared to 310 cm2 pullets. PCO2/mmHg was 
also significant, where 310 cm2 pullets showed higher values 
than the other treatments. There were no significant 
differences in weight gain, FCR, mortality, Beecf/mmol/L, 
sO2%, or Hg g/dL. Therefore, we can infer that differences 
in performance, tonic immobility, and blood chemistry may 
be influenced by cage density and it may be exacerbated 
due to resource competition. Based on this data we can 
conclude that pullets reared in higher density cages perform 
similar to pullets reared in lower density cages, but high 
density pullets seem to be less fearful than those reared in 
low density cages which suggest welfare may improve with 
density. 

105 A prospective longitudinal cohort study shows 
similar performance and egg quality in enriched cage 
houses and aviaries. Noémie marcos*1, Éloïse Denis2, 
Stéphane Godbout3, Martine Boulianne1; 1Faculté de 
Médecine Vétérinaire, Université de Montréal, Clinical 
Sciences, St. Hyacinthe, Quebec, Canada; 2Université de 
Montréal, Beloeil, Quebec, Canada; 3Research and 
Development Institute for the Agri-environment, Quebec, 
Quebec, Canada. 

Alternative housing systems in egg production are a good 
example of the major changes that have occurred in 
agriculture in response to recent social demands. 
Consumers pressure to improve laying hen welfare has led 
the Canadian egg industry to progressively replace 
conventional cages with enriched cage houses and aviaries. 
The objective of this study was to compare the performance 
and quality of eggs from 24 commercial farms in Canada: 12 
enriched cage houses (EC) and 12 aviaries (A) during a lay 
cycle. All farms were located in the province of Quebec 
except one located in Eastern Ontario. Laying rate, 
cumulative mortality, and feed consumption were collected 
between 19 and 65 weeks of age while egg quality was 
evaluated (n= 1920 eggs) for the following parameters; egg 
mass, strength and thickness shell, Haugh unit, yolk color 
intensity and prevalence of dirty and cracked eggs at 35, 45, 
55 and 65 weeks of age. The software R (version 4.0.3) was 
used for statistical analysis. All data were analyzed using the 
Linear Mixed Model with flock identification factor as random 
effect and age, housing and the two-way interaction between 
these factors as fixed effects. Data were tested for 
distribution normality. Results were considered significant 
when p-values were less than 0.05. P-values were 
calculated using the Satterthwaite method. No significant 
differences (p> 0.05) were observed between enriched cage 
houses and aviaries for all performance and egg quality 
parameters studied. The interaction between housing and 
age had a significant effect on mortality (p< 0.05) as the 
cumulative mortality rate increased significantly faster with 
age in aviaries compared to enriched cages. Age had a 
significant effect (p< 0.05) on all variables studied except for 
the prevalence of dirty eggs. These research results from 
commercial farms in Canada provided the table egg industry 
with useful information on performance and egg quality in 
alternative housing systems and allow Canadian producers 
to make a more informed choice and ensure a smooth 
transition to alternative systems by 2036. In conclusion, 
performance and egg quality were similar during the laying 
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cycle for both enriched cage houses and aviaries, although 
cumulative mortality was higher in aviaries in older hens. 

106 A computer vision based automatic system for 
egg grading and defect detection in cage-free 
facilities. Xiao Yang*1, Ramesh Bist1, Sachin Subedi1, 
Lilong Chai2; 1University of Georgia, Poultry Science, 
Athens, Georgia, United States; 2University of Georgia, 
Poultry Science, Athens, Georgia, United States. 

Egg defects can decrease food quality and market value of 
laying hen production, especially in cage-free houses where 
have more floor eggs. Automatic grading and defect 
detection have been developed using machine vision and 
image processing technology. Egg weight is also an 
important aspect of egg quality and market value, with 
automated egg measurement systems being developed to 
improve efficiency and accuracy. Previous studies primarily 
focused on using computer vision techniques for egg 
classification, but few have combined deep learning and 
machine vision techniques for joint egg classification and 
weighting. To address this gap, a two-stage model was 
developed based on real-time multitask detection (RTMDet) 
and random forest networks for predicting egg category and 
weight. In this research, a dataset was created using 2100 
egg images, which were then randomly divided into training 
and testing sets with a ratio of 4:1. The model uses deep 
learning and machine learning techniques to perform joint 
egg classification and weighing. RTMDet was used to 
extract egg features for classification, and a Random Forest 
algorithm is used to regress egg weight data based on the 
extracted features. The results of the study showed that the 
best accuracy achieved was 94.8% and best R2 is 96.0%. In 
addition, the model can be used to automatically exclude 
non-standard size eggs and eggs with exterior issues (e.g., 
cacium deposit, stains, and cracks) . This detector is among 
the first models that perform the joint function of egg sorting 
and weighing. By implementing the findings of this study, the 
poultry industry can reduce costs and increase productivity, 
ultimately leading to better quality products for consumers. 

107 Management interventions on bone quality in 
cage-free laying hens. Brittney J. Emmert*2, Cara 
Robison1, Prafulla Regmi3, Darrin M. Karcher2; 1Michigan 
State University, Department of Animal Sciences, East 
Lansing, Michigan, United States; 2Purdue University, 
Department of Animal Sciences, West Lafayette, Indiana, 
United States; 3University of Georgia, Poultry Science, 
Athens, Georgia, United States. 

Keel bone damage may be considered the greatest welfare 
concern currently faced by laying hens. Keel fractures are 
more severe in cage-free systems and as the United States 
is rapidly transitioning to cage-free production, this puts 
millions of hens at risk for fracture. Most fractures occur 
between initiation of lay and 35 weeks of age (woa), so the 
first 10-15 weeks of lay is a critical period for preventing 
fractures. This corresponds to times of high stress for hens 
including physiological changes, transportation, new 
housing and management. The study aims to reduce keel 
fractures through management interventions of delayed 
onset of lay, inclusion of mature hens experienced in 
navigating aviaries, and nutritional intervention. Lohmann 
Brown-Lite chicks were reared in 8 floor rooms (320 
birds/room) and randomly assigned to control diet or fish-oil 

+ Vit D supplemented diet at 12 woa (4 rooms/treatment). 
Hens were transferred to four aviary rooms at 17 woa (576 
hens/room) and assigned one of the following treatments: 
control (C; standard lighting program and diet), slow (S; 
delayed onset of lay by changing layer lighting at 20 woa), 
slow nutrition (SN; delayed lighting, nutritional intervention), 
or slow nutrition with training (SNT; delayed lighting, 
nutritional intervention, mature hens mingled with pullets 
[1:15]). Focal hens (36 hens/treatment) were chosen and 
serial scanned live with computed tomography (CT) at 16, 
20, 30, 40, and 52 woa for bone mineral density (BMD) of 
keel, femur and tibia. Serum samples were collected from 8 
random hens/treatment at 16, 20, 30, 40, and 52 woa for 
osteocalcin (OC) and hydroxylysylpyridinoline (PYD). Data 
were analyzed in SAS using PROC GLIMMIX. In keel BMD, 
there was an age effect (p<0.0001) where BMD increased 
with age. There was an interaction of treatment and age in 
femur and tibia BMD (p<0.0001) with SNT having greater 
femur BMD than S and SN (p<0.03). Tibia BMD of SNT 
tended to be greater than SN (p=0.08). There was a 
treatment by age effect for OC (p=0.03) with differences 
seen at 20 woa. In S, OC was greater than SNT or C 
(p<0.002). The OC in SN was greater than SNT or C 
(p<0.04). There was an interaction of treatment and age for 
PYD (P<0.0001) with most differences seen at 20 woa. The 
PYD in SN was greater than all other treatments (p<0.03) 
and S was greater than SNT (p=0.006). By 52 woa, SNT 
birds seemed to have improved bone quality as indicated by 
increased BMD in femur and tibia. Increased bone turnover 
in S and SN at 20 woa may be indicative of the delayed onset 
of lay and initiation of bone changes in preparation of lay. 
Overall, the management interventions appear promising to 
increasing bone quality and may reduce subsequent keel 
fractures. 

108 Evaluating the effects of depopulation treatments 
on blood chemistry in laying hens. Kari L. Harding*1, 
Sanjay Shah2, Ramon D. Malheiros3, Kenneth E. 
Anderson4; 1North Carolina State University, Prestage 
Department of Poultry Science, Raleigh, North Carolina, 
United States; 2North Carolina State University, Biological 
and Agricultural Engineering, Raleigh, North Carolina, 
United States; 3NCSU, Prestage Poultry Science, Raleigh, 
North Carolina, United States; 4North Carolina State 
University, Poultry Science, Raleigh, North Carolina, United 
States. 

The need for timely depopulation has become a major focus 
due to the large scale HPAI outbreaks in both 2015 and 
2022. While speed is an important factor in depopulation, it 
is important to understand the stress levels these hens are 
exposed in their respective treatments to mitigate their 
further distress to the fullest extent. The three treatments 
used in this study were ventilation shutdown plus heat 
(VSDH), ventilation shutdown plus heat and humidity 
(VSDHRh), and ventilation shutdown plus CO2 (VSDCO2). It 
was hypothesized that based on blood 
chemistryVSDCO2 would be most stressful. The objectives 
were to determine stress levels by testing laying hen blood 
chemistry. Phases were used to develop the stress profiles 
focusing on particular aspects of the processes, Phase 1 
(P1) looking at pre and post blood chemistry and Phase 2 
(P2) evaluating blood chemistry changes through the 
processes, both conducted in chambers. P2 examined blood 
chemistry changes at specific points during the treatments. 
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All birds were bled before placement in the chambers. In P2 
birds were bled at specific points during the process at ¼, ½, 
¾, and at TOD as determined from P1 hens. A one-way 
ANOVA was used for statistical analysis of both treatment 
and time effects utilizing JMP Pro 15 and Tukey’s HSD was 
utilized to determine any differences with a P<0.05 for P1 
and a best fit polynomial curve R2 for each variable in each 
treatment. P1 results showed no significant differences in 
any analyzed blood chemistry parameters except for partial 
pressure of oxygen (pO2) (P<0.0182). VSDRh had the 
highest pO2 levels whereas VSDH had the lowest. In P2, 
VSDCO2 had an R2>0.5 in Sodium (Na), Potassium (K), 
Glucose (Glu), Partial Oxygen (PO2), Base excess 
extracellular fluid (BEecf), and pH. VSDRh had similar 
results for pH, BEecf, Glu, and PO2, however it also had best 
fit curves for Total CO2 (TCO2), Oxygen Saturation (SO2), 
Bicarbonate (HCO3), and Ionized Calcium (iCa). VSDH had 
best fits for Na, PCO2, PO2, BEecf, SO2, and pH. P1 had 
significant levels of Na, K, Glu, Hematocrit, Hemoglobin, pH, 
PCO2, BEecf, HCO3, TCO2, and SO2 (P<0.05) when 
analyzing before and after death. VSDH in P1 may have 
significant results due to shutdown of lung functioning and 
inability to effectively exchange gases. P1 had significant 
differences between the timing of the bleed meaning they 
went from a low stress situation to high stress. Based on 
blood chemistry results, all methods are stressful however 
VSDH may be more stressful than the other treatments due 
to significant reduction in pO2 levels from P1. 

109 Effects of pH-targeted PLT Application on Poultry 
Performance and Ammonia Emission. Paul N. Farro*1, 
Hong Li1, Stephen Collier1; 1University of Delaware, Animal 
and Food Sciences, Newark, Delaware, United States. 

Poultry production is one of the largest contributors of 
ammonia (NH3) emissions in agriculture. High levels of 
NH3 in commercial poultry production has been linked to 
reduction of performance in poultry, including the corrosion 
of chicken respiratory tracts with the paralysis and loss of 
cilia. Acid-based sodium bisulfate (PLT®) has been widely 
used for NH3 control in broiler production, and produces a 
beneficial environment with less pathogen load. This litter 
amendment has proven to be effective to reduce litter pH, 
capture NH3, and improve air quality and microbial 
environment in commercial broiler houses. The objective of 
this study is to improve NH3 control through pH-targeted PLT 
applications. Two identical broiler research houses (57 x 37 
ft) were used with two 8-week growouts from October 2, 
2022 to March 30, 2023. While both houses received the 
same amount of PLT (100 lb/1,000 ft2) on day -1 in the brood 
chamber and on day 6 in the non-brood chamber, the 
treatment house had targeted application of additional PLT 
based on pH of the litter in six different zones. PLT was 
applied in the treatment house at a rate of 50 lb/1,000 ft2 to 
corresponding zones where the litter pH value went above 
5.5. Surface litter samples (15g, 1.27cm or 0.5 inches deep) 
were collected every two days from the brood and non-brood 
chambers of each room at two different locations in the six 
zones. Each litter sample was analyzed for pH and moisture 
content (MC). Electric and propane usage, mortality, 
feed/water consumptions, and body weight were measured 
daily. Ventilation rate was measured based on fan on/off and 
fan curves. The concentration of NH3 in the two houses was 
measured continuously and NH3 emission was calculated. A 
comparison was performed between the control and pH-

targeted treatment for body weight, feed conversion ratio 
(FCR), mortality, electricity and propane usages, and 
NH3 emissions. Statistical analysis performed using Z-test 
revealed that total NH3 emissions were significantly reduced 
by 57% (P<0.001) with additional PLT application (84.3 vs. 
24.4 lb/ton live weight). The targeted application resulted in 
heavier body weight (9.05 vs. 8.82 lb, P<0.01) and lower 
FCR (1.80 vs. 1.83, P=0.03) than the control. There was no 
significant difference between the treatment and control in 
mortality (7.65% vs. 6.95%), gas usage (1,822 vs. 1,925 
cubic foot/ton live weight), and electricity use (134 vs. 141 
kWh/ton live weight). The data suggest that pH-targeted PLT 
application is effective in reducing NH3 emissions and 
concentrations and improving bird performance. This study 
provides insight into effective ways of adding litter 
amendments in order to reduce ammonia emissions and 
improve poultry health. 

110 Microbial Evaluation of Poultry Farm Fomites and 
On Farm Intervention Strategies. Lindsey A. Wythe*1, 
Allison Milby-Blackledge2, J A. Byrd5, Yuhua Z. Farnell3, 
Morgan Farnell4; 1Texas A&M University, Poultry Science, 
College Station, Texas, United States; 2Texas A&M 
University, Poultry Science, College Station , Texas, United 
States; 3Texas A&M University, Poultry Science, College 
Station, Texas, United States; 4Texas A&M University, 
Poultry Science, College Station, Texas, United 
States; 5United States Department of Agriculture - 
Agricultural Research Station, College Station, Texas, 
United States. 

Proper biosecurity can reduce foodborne illness and protect 
poultry from disease. The objectives of this study were to 
assess levels of microbial contamination in agricultural 
environments and evaluate biosecurity interventions. Dust, 
water, and surface samples were collected at the Texas 
A&M Poultry Science Research Center over three sampling 
periods from five barns. Surface swabs were collected from 
air inlets (n = 10), tunnel fans (n = 10), controller panels (n = 
10), and farm vehicle floor mats and tires (n = 20). Aliquots 
of 20 mL were collected from cool cell reservoirs (n = 10). 
Dust sampling was performed via an SKC 
Biostage® impactor (28.3 L/min; n = 20) and a 
BioSampler® bioaerosol sampler (Eighty-Four, PA, USA; 
12.5 L/min; n = 20). Boot cover samples were evaluated by 
doubling booties and swabbing the surface of each sole after 
5 min of walking through the barn (n = 20). Samples were 
evaluated for total aerobes, Staphylococcus, and coliforms. 
Statistical analysis was only performed on bootie samples 
as the remaining samples were not comparable. Booties 
were analyzed using a one-way ANOVA and means 
separated with the Tukey method (P ≤ 0.05). Cool cell 
reservoirs contained 6.45 log10 cfu/mL total aerobes, 2.00 
log10 cfu/mL of Staphylococcus, and 4.12 log10 cfu/mL of 
coliforms. From surface swabs, the highest load of aerobes 
and Staphylococcus were found on inlet vents at 4.50 and 
4.25 log10 cfu/cm2, respectively. Coliforms were highest on 
floor mats (2.61 log10 cfu/cm2). Aerobes 
and Staphylococcus were lowest on tires (3.03 and 2.45 
log10 cfu/cm2, respectively). Coliforms were lowest on 
external doorknobs and controllers (0.62 log10 cfu/cm2 and 
below the limit of detection, respectively). Bioaerosol 
samples contained 3.18 log10 cfu/L of total aerobes, 2.40 
log10 cfu/L of Staphylococcus, and 0.18 log10 cfu/L of 
coliforms. Impactor samples were contaminated with 0.87 
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log10 cfu/L of total aerobes, 1.05 log10 cfu/L 
of Staphylococcus, and 0.05 log10 cfu/L of coliforms. 
External booties had significantly greater counts than 
internal booties of total aerobes (4.37 vs. 2.33 log10 cfu/cm2; 
P < 0.0001), Staphylococcus (4.34 vs. 2.34 log10 cfu/cm2; P 
< 0.0001), and coliforms (2.99 vs. 1.04 log10 cfu/cm2; P < 
0.0001). While booties can significantly reduce 
contamination of footwear, they were quickly damaged 
allowing for a significant amount of indicator organisms to 
pass through. These data will be used to create educational 
materials for poultry integrators to illustrate environmental 
contamination and demonstrate weaknesses with 
biosecurity interventions. 

111 Comparison of three litter amendment products 
at different applications rates during either whole house 
or half house brood densities. Melinda Grimes*1, Abbigail 
LeBlanc1, Gregory Archer1; 1Texas A&M University, College 
Station, Texas, United States. 

Two experiments were conducted to determine the efficacy 
of three commercial litter amendment products at 3 
application rates. Experiment 1 (E1) utilized these products 
with broiler chickens stocked at whole house brood density 
(0.08 m2/bird), while Experiment 2 (E2) had a stocking 
density of 0.16 m2/bird representing half-house brooding. 
Both experiments reared birds on used litter from a 
commercial broiler farm which was placed in 5 pens per 
treatment (n=5). Treatments consisted of the following: 
Control, no treatment; PLT (45.4, 56.7 and 68.0 kg/93 m2); 
Poultry Guard (PG) (45.4, 56.7 and 68.0 kg/93 m2); and A7 
liquid (75.7, 94.6 and 113.6 L/93 m2). In both experiments, 
A7 was sprayed on the litter 3 d before chick placement (d -
3), while PLT and PG were spread on the litter 1 d before 
placement (d -1). In E1, broiler chicks were reared in the 
pens for 15 d to evaluate litter parameters, ammonia flux and 
bird performance. In E2, chicks were reared for 9 d and the 
same data collected. Litter ammonia flux was measured by 
the static flux chamber method. All data were analyzed using 
the GLM procedure and means separated at P < 0.05, with 
the exception of paw scores which were analyzed with the 
Kruskal-Wallis test followed by the Dwass Steel Critchlow-
Fligner method. On d 0 in E1, the PLT treatments (3.4) and 
the PG 68 treatment (3.6) had the lowest pH followed by the 
other PG treatments (5.0) and the A7 113.6 treatment (5.8), 
then the other A7 treatments (6.6), and finally the control 
(8.4). Similar results were observed in E2. All treatments 
also reduced litter ammonia flux compared to control (P < 
0.05) in both experiments. On d 0 in E1, the PLT and PG 
treatments had no measurable ammonia while the A7 
treatments averaged 7.9 ppm and the control 100 ppm. On 
d 0 in E2, all treatments reduced the ammonia to below 
measurable levels except for A7 75.7 treatment (3.6 ppm) 
and the control (127.2 ppm). In E1, ammonia in PLT 
treatments (42.5 ppm) remained lower than all other 
treatments (avg, 85.2 ppm) at d 15. In E2, ammonia in the 
PLT treatments (10.3 ppm) remained lower than all other 
treatments (avg, 54.5 ppm) at d 9. No differences (P > 0.05) 
in litter moisture, BW or FCR were observed between 
treatments in either experiment. Paw score differences were 
observed between products (P < 0.05) with the A7 having 
higher paw scores than PG in E1 and PLT in E2. These data 

demonstrate that at both stocking densities all litter 
amendments were able to reduce litter pH and ammonia flux 
compared to control. Furthermore, PLT was more effective 
at lowering litter pH at chick placement and maintaining 
lower ammonia flux through the end of the experiment in 
both trials compared to the other amendments. 

112 Evaluating the effect of day length (24 versus 18 
hours) during brooding on broiler performance and 
welfare Garret G. Ashabranner*1, Michael Czarick1, Brian 
Fairchild1; 1University of Georgia, Poultry Science, Athens, 
Georgia, United States. 

Broilers are typically grown with minimal to no dark periods 
during the first week of growout to maximize early chick 
performance. Though there are many studies documenting 
the benefits of dark periods on older birds, there are very few 
studies researching how providing dark periods during 
brooding affects broiler performance. This study aimed to 
determine if providing chicks with a six-hour dark period 
during brooding would adversely affect performance. The 
study consisted of two 42-day trials where Treatment chicks 
were provided six hours of darkness while the Control birds 
were given 24 hours of light for the first seven days. Four 
pens of 28 by-product male chicks were placed in six 
identical rooms (three rooms per treatment and control). All 
birds were given six hours of darkness after Day 7. Birds 
were weighed, and feed consumption was calculated on 
Days 3, 7, 10, 14, 21, 28, 35, and 42. One day prior to each 
weighing, blood was collected via heart puncture from one 
bird per pen during the middle of the light and dark periods 
then analyzed for melatonin, superoxide dismutase, and 
corticosterone. There were no significant differences 
between trials, therefore all data were combined using trial 
as a blocking factor. All data were analyzed using ANOVA in 
SAS JMP Pro 16, and differences were considered 
significant at (P<0.05). At Days 3 and 7 the Treatment 
bodyweight, gain, and feed consumption were significantly 
lower than the control (P<0.05). However, by Days 14 and 
21, the Treatment group's bodyweight and gain were higher 
compared to the control (P<0.05). No significant differences 
were seen in bodyweight, gain, and feed consumption 
between Treatments from Days 28-42. Feed conversion, 
mortality, and gait scores were unaffected by either lighting 
program. Melatonin was significantly higher in the Treatment 
birds during the dark period throughout each trial as well as 
during the light period of Day 6. Superoxide dismutase and 
corticosterone had no significant differences between 
treatment and control and were within normal physiological 
ranges. The results of these studies suggest that giving 
broiler chicks a dark period for the first seven days of a flock 
does not affect performance by the end of growout. 
Additionally, during brooding, the dark period consistently 
increased nighttime melatonin concentration in the 
Treatment birds throughout these studies. It is difficult to 
replicate the conditions and stressors of a commercial broiler 
house, and melatonin's reduction of oxidative stress may 
have yet to be seen through these pen trials. Further studies 
are being conducted to evaluate the dark period's impact on 
broiler performance and welfare in commercial broiler 
houses. 
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Student Competition: Immunology, Health and Disease: Health and 
Disease

113 The effects of a high-flavonoid corn cultivar on 
the gut microbiota of chickens undergoing necrotic 
enteritis. Vinicius Buiatte*1, Monika Proszkowiec-Weglarz2, 
Katarzyna Miska3, Dorian Dominguez5, Mahmoud A. 
Mahmoud4, Tyler Lesko6, Surinder Chopra6, Mark C. 
Jenkins7, Alberto Gino Lorenzoni1; 1The Pennsylvania State 
University, Animal Science, University Park, Pennsylvania, 
United States; 2USDA, ARS, ABBL, Beltsville, Maryland, 
United States; 3USDA/ARS, ABBL, Beltsville, Maryland, 
United States; 4The Pennsylvania State University, Animal 
Science, University Park, Pennsylvania, United 
States; 5USDA, APHIS, Richmond, Virginia, United 
States; 6The Pennsylvania State University, Plant Science, 
University Park, Pennsylvania, United States; 7USDA, 
APDL, ARS, Beltsville, Maryland, United States. 

The search for alternative therapies to antimicrobial growth 
promoters (AGP) in poultry production has gained 
momentum in the past years because of consumer 
preference and government restrictions on the use of AGP. 
Flavonoids are plant-derived metabolites that have been 
studied for their health-promoting properties. Flavonoids 
could potentially be used as an alternative to AGP in poultry. 
In a previous publication, we showed that the inclusion of a 
flavonoid-rich corn cultivar in the diet improved the health of 
broilers undergoing necrotic enteritis, by decreasing 
mortality and incidence of intestinal lesions. However, the 
mechanisms of action by which the specialty corn 
ameliorated necrotic enteritis are unknown. Thus, we 
hypothesized that the high-flavonoid corn diet influenced the 
gut microbiota composition of chickens undergoing NE. In 
this study, we describe the microbial diversity and 
composition of luminal and mucosal samples collected from 
the jejunum and ileum of chickens co-infected with Eimeria 
maxima and Clostridium perfringens, fed a high-flavonoid 
corn-based diet or a commercial corn-based diet. Luminal 
content and mucosal samples from the jejunum and ileum 
were collected for DNA extraction, 16S rRNA amplicon 
sequencing, and data analyses. The infection model and the 
dietary treatments significantly changed alfa diversity indices 
(Ileal luminal content, P = 0.039; Ileal mucosa, P = 0.038), 
and beta diversity (Ileal luminal content, PERMANOVA, P = 
0.002; Ileal mucosa, PERMANOVA, P = 0.003) in the ileal 
samples, but not those of the jejunal samples. The microbial 
composition revealed that birds fed the high-flavonoid corn 
diet had a lower relative abundance of C. 
perfringens compared to birds fed the commercial corn diet. 
The treatments also influenced the relative abundance of 
other miscellaneous bacteria that are related to gut health, 
such as Lactobacillus. Interestingly, Clostridium was more 
differentially abundant in luminal content samples of the 
jejunum from chickens fed the high-flavonoid corn diet, but 
in mucosal samples, Clostridium was more differentially 
abundant in chickens fed the commercial corn diet. We 
concluded that the infection model and the dietary high-
flavonoid corn influence the gut microbial diversity and 
composition of broiler chickens. In addition, the microbiota 
analysis indicated that the effect on C. 
perfringens abundance may be an important mechanism of 
action by which the inclusion of the high-flavonoid corn in the 
diet ameliorates NE. 

114 Effect of increasing levels of Eimeria infection on 
performance, body composition, and intestinal health in 
chickens selected for meat and egg production. Milan K. 
Sharma*1, Doyun Goo1, Woo K. Kim1; 1University of 
Georgia, Department of Poultry Science, Athens, Georgia, 
United States. 

Commercial poultry production has traditionally focused on 
improving meat and egg production in broilers and laying 
hens through artificial genetic selection. However, it is 
believed that intense selection for economic traits may 
disrupt the genetic homeostasis achieved by natural 
selection, leading to negative consequences for other traits 
such as immune response and skeletal development. This 
study aimed to investigate the effects of genetic selection for 
meat and egg production on the performance, body 
composition, and intestinal health of different breeds of 
chickens when infected with Eimeria spp. A total of 630 14-
d-old chickens from three breeds (Athens Canadian 
Random Bred (ACRB), Cobb-500, and Hy-Line W-36) were 
randomly assigned to three levels of Eimeria inoculation 
(Control, Medium, and High) in a 3x3 factorial design. These 
birds were then challenged with 25,000 E. maxima, 
25,000 E. tenella, and 125,000 E. acervulina oocysts as a 
Medium and 50,000 E. maxima, 50,000 E. tenella, and 
250,000 E. acervulina as the High infection group. Growth 
performance, body composition, feed intake (ADFI), and gut 
permeability (GP) were measured at different time points 
after the inoculation. Data thus collected were analyzed 
using a two-way ANOVA. At both 6 and 9 days post 
inoculation (DPI), challenged birds had significantly lower 
BW and BWG compared to non-challenged birds. Among 
the 3 breeds, Cobb had the least drop in BW and BWG 
compared to ACRB and Hy-Line birds (P<0.05). The most 
significant drop in ADFI was observed in Hy-Line pullets at 5 
DPI, while Cobb broilers had the least drop (P<0.05). 
Likewise, High and Medium challenged groups of Hy-Line 
and ACRB showed a significant increase in GP and 
subsequent leakage compared to Cobb broilers at 5, 7, and 
9 DPI (P<0.05). Lesion score was only significant between 
the challenged and non-challenged birds in all 3 breeds 
(P<0.05). An interaction between Eimeria infection and 
breeds was observed for bone mineral content (BMC), with 
ACRB pullets challenged with the medium dose 
of Eimeria having the least BMC at 6 DPI (P=0.006). A main 
effect of Eimeria infection and breed was observed for bone 
mineral density (BMD) at 6 DPI, with birds challenged 
with Eimeria having lower BMD than non-challenged control 
and Cobb-500 having higher BMD compared to other breeds 
(P<0.05). In conclusion, birds selected for meat yield (Cobb-
500) showed the least effect of Eimeria infection compared 
to birds selected for egg production (Hy-Line W-36) and 
random-bred birds (ACRB) on all measured parameters. 
The differences in body size and intestinal tract development 
in fast-growing broilers might be the reason for the least 
visible effect of Eimeria on the measured parameters. 

115 Dietary anti-interleukin-10 may alter the relative 
abundance of anti-inflammatory genera in the broiler 
jejunum at early post-inoculation timepoints during 
coccidiosis and necrotic enteritis challenge. Krysten 
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Fries-Craft*1, Chiron J. Anderson1,3, Stephan Schmitz-
Esser1,3, Elizabeth A. Bobeck2; 1Iowa State University, 
Animal Science, Ames, Iowa, United States; 2Iowa State 
University, Animal Science, Ames, Iowa, United 
States; 3Iowa State University, Interdepartmental 
Microbiology Program, Ames, Iowa, United States. 

Eimeria spp. upregulate host interleukin (IL)-10 to evade 
host immunity and cause coccidiosis. Anti-IL-10 antibody 
could allow a normal host immune response to counteract 
pathogenic evasion methods. Effects of dietary anti-IL-10 on 
the host microbiota and development of necrotic enteritis 
from secondary Clostridium perfringens (CP) is unknown. 
Previous work using d0 Salmonella Typhimurium 
inoculation to repeatably induce necrotic enteritis may 
confound anti-IL-10-related effects. The study objective was 
to evaluate jejunal microbial communities in broilers fed anti-
IL-10 during coccidiosis and necrotic enteritis challenge 
without d0 Salmonella Typhimurium. At hatch, 480 Ross 308 
broilers were placed in 32 wire-floor cages (15 chicks/cage) 
and randomly assigned to basal diet ± 0.03% anti-IL-10 for 
25d. On d14, baseline jejunal content was collected from 6 
chicks/diet and a subset were challenged with 15,000 
sporulated Eimeria maxima M6 oocysts or sterile saline. On 
d18 and 19, half the Eimeria-challenged chicks were 
inoculated with 1×108 colony forming units CP. Jejunal 
contents for 16S rRNA gene amplicon sequencing were 
collected at 7 and 11d post-inoculation (pi) with E. 
maxima and 3 and 7dpi with secondary CP. Mothur software 
(v.1.48.0) was used to quality screen and cluster sequences 
into de novo operational taxonomic units (OTU) at 99% 
similarity and assigned taxonomy using the SILVA reference 
database (v.138). Alpha diversity measures were analyzed 
using R (v.4.2.3) and log-transformed OTU relative 
abundances were analyzed using the GLIMMIX procedure 
with diet, challenge, and timepoint fixed effects (SAS 
9.4, P≤0.05). Dietary anti-IL-10 did not alter baseline alpha 
diversity measures; however, chicks fed anti-IL-10 had 
undetectable or 3.3-fold reduced relative abundance of 
opportunistic pathogen-associated 
genera Enterococcus and Kurthia compared to control 
(OTU24 and 38, respectively; P≤0.002). At timepoints 
corresponding to E. maxima 7dpi or 3dpi with secondary CP, 
anti-inflammatory Eisenbergiella (OTU 25) was 
undetectable in anti-IL-fed chicks challenged with E. maxima 
± CP but was present in control-fed chicks (P<0.0001). In 
anti-IL-10-fed chicks challenged with E. maxima+CP, 
relative abundance of Eisenbergiella was increased 3.8-fold 
compared to similarly challenged controls (P<0.0001). 
Collectively, dietary anti-IL-10 did not significantly alter 
baseline jejunal microbiota. During E. maxima challenge, 
anti-IL-10 may reduce 7dpi anti-inflammatory genera 
abundance but promote their abundance in later resolution-
associated timepoints when chicks received secondary CP; 
however, further mechanistic elucidation is needed to 
associate changes with overall bird health. 

116 Synergistic Impact of Salmonella 
typhimurium and Eimeria spp. coinfection on turkey 
poults: growth performance, salmonella colonization, 
and gut permeability insights. Hamid Reza Rafieian-
Naeini*1, Hanseo Ko2, Doyun Goo3, Woo K. 
Kim4; 1University of Georgia, Poultry Science, Athens, 
Georgia, United States; 2University of Georgia, Poultry 
Science, Athens, Georgia, United States; 3University of 

Georgia, Poultry Science, Athens, Georgia, United 
States; 4University of Georgia, , Athens, Georgia, United 
States. 

Inflammation of the intestines has been shown to help 
Salmonella colonize in the intestine and penetrate through 
the intestinal wall. Coccidia parasites, (Eimeria spp.) can 
exacerbate intestinal inflammation and contribute to 
increased salmonella colonization and systemic 
dissemination in chickens. This study aimed to investigate 
the role of inflammation induced by Eimeria spp. 
and Salmonella Typhimurium in influencing growth 
performance, intestinal lesion score, gut permeability, and 
Salmonella colonization in the liver, ceca, and spleen in 
turkey poults. A total of 420 one day old male turkey poults, 
were randomly allocated into six treatments with five 
replicated cages of 14 birds/cage during 21 days of 
experimental period. Treatments consisted of NC, negative 
control; A, challenged with 8,000 oocysts of E. meleagrimitis 
(EM) and E. adenoeides (EA) at d 8; B, challenged with 
16,000 oocysts of EM and EA at d 8; C, challenged with 
nalidixic acid-resistant Salmonella typhimurium (ST) at d 0; 
D, challenged with ST at d 0, and 8,000 oocysts 
of EM and EA at d 8; E, challenged with ST at d 0, and 
16,000 oocysts of EM and EA at d 8. Birds’ mortality and 
feed intake were recorded daily, as were salmonella 
colonization, intestinal lesion score and gut permeability 
assessed at 14 and 21 days of age. Data were analyzed 
using JMP Pro 16. With Tukey’s test Multiple comparisons 
among the groups were conducted by Tukey’s test. The 
results showed that body weight at day 14 and 21 were 
higher in non-cocci challenged groups (NC, C) compare 
cocci challenged groups (A,B,D,E) (P<0.01). During days 9-
14, feed intake was significantly affected by the cocci and 
salmonella challenge (P<0.05) where groups C and NC had 
higher, and cocci groups had lower feed intake, but cocci 
and salmonella interaction had no significant effect on feed 
intake (P>0.05). Salmonella colonization in the ceca and 
spleen was affected by cocci, salmonella, and interaction 
between them (P<0.01). Groups A and B had more 
incidence of colonization, whereas group C had the lowest 
colonization in the ceca and spleen. Cocci challenge 
affected intestinal permeability (P<0.05) where the NC had 
the lowest and group E had the highest. Duodenal lesions 
demonstrated a significant association with cocci infection (p 
< 0.01), with elevated lesion scores predominantly observed 
in groups E,D, B, and A. It can be concluded that the cocci 
challenge could effectively cause intestinal inflammation and 
damage, so bacterial pathogens can easily penetrate 
intestinal walls and colonize internal organs in turkeys, but 
evidence showed that coccidiosis had a more severe impact 
on growth performance than salmonella infection in turkey. 

117 Histopathology of the turkey poult small intestine 
during Cochlosoma anatis infection. Justin Lowery*1, 
Chongxiao Chen2, Catherine Fudge2, Christina S. Sigmon3, 
Lin Walker1; 1North Carolina State University, Prestage 
Department of Poultry Science, Raleigh, North Carolina, 
United States; 2University of Georgia, Poultry Science, 
Athens, Georgia, United States; 3North Carolina State 
University, Prestage Department of Poultry Science, 
Raleigh, North Carolina, United States. 

Cochlosoma anatis, a flagellated protozoan that infects 
turkeys and causes protozoal enteritis (cochlosomiasis), has 
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become a growing concern in the commercial turkey 
industry. Previous studies have shown that C. 
anatis reduces body weight gain. It is suspected that poor 
nutrient utilization is the primary factor. Meanwhile, damage 
to the intestinal lining could contribute to the poor nutrition 
uptake but it is not well understood due to a lack of published 
knowledge. This study aimed to determine the effect of C. 
anatis infection on intestinal mucosal health. 192 day-old 
poults were placed in 16 isolator cages (12 birds/cage) and 
grown for 28 days. On D14, the bird numbers were reduced 
to 10 birds/cage. Half the birds (8 cages) were orally 
inoculated with 5x105 C. anatis cells creating an infected 
group (PC) and the rest of the cages were considered as a 
non-infected group (NC). On D28, sections of the 
duodenum, jejunum, and ileum from one bird per cage were 
collected for histological analysis. Villi height and width, as 
well as crypt depth were measured. The villi height-crypt 
depth ratio (V:C) and villus area were calculated. The 
number of Goblet cells and inter-epithelia leukocytes (ILEs), 
and lamina propria thickness were recorded to assess 
inflammation. Statistical analysis was performed in JMP Pro 
16 using a one-way ANOVA and pooled t-test with α=0.05. 
There was no difference in any tested parameters in the ilea 
between the PC and NC groups (p>0.05). However, 
statistically significant differences were seen between the 
NC and PC groups for crypt depth and the V:C in the 
duodenum and jejunum, where the crypt depth was greater 
in the PC group (p= 0.0057 and 0.0011, respectively); the 
V:C was lower in the PC group (p = 0.0250 and 0.0037, 
respectively). No differences were seen between Goblet 
cells, IELs, or lamina propria thickness between the 
treatment groups (p>0.05). These findings suggest that C. 
anatis infection only affected the morphology in the 
duodenum and jejunum in the turkey poults. Additionally, the 
innate immune system does not appear to be significantly 
activated according to the results from Goblet cell and IEL 
counts. Future research could be done to explore the 
adaptive immune response to C. anatis infection and 
parameters related to nutrient uptake and absorption. 

118 Effects of Salmonella co-infection with Eimeria 
maxima and Clostridium perfringens on growth 
performance and pathogen shedding in 
broilers. Sasikala Vaddu*1, Amit K. Singh1, Jinquan Wang1, 
Brenda Kroft1, Bharath Mallavarapu1, Deepak Subedi1, 
Sujitha Bhumanapalli1, Pranita Patil1, Rami A. Dalloul1, 
Manpreet Singh1, Harshavardhan Thippareddi1; 1University 
of Georgia, Athens, Georgia, United States. 

Avoidance of antibiotic growth promoters (AGPs) and 
anticoccidial drugs in poultry production has resulted in 
increased risk of Salmonella loads and two major enteric 
pathogens Eimeria, and Clostridium perfringens (CP). 
Understanding the interaction of these pathogens in broilers 
will aid in developing intervention strategies. A 26-d floor pen 
study was conducted to investigate Salmonella (S) shedding 
by broilers challenged with Eimeria maxima and CP (as a 
necrotic enteritis [NE] model) with or without dietary 
supplementation of AGP. Day-old Cobb male chicks 
(n=1,050) were placed into 30 pens with five replicates of six 
treatments: 1) No challenge (NC); 2) NC + bacitracin 
methylene disalicylate (BMD, 55 mg/kg feed) as AGP 
(A) (NCA); 3) Eimeria (E) and CP (NE); 4) Salmonella (S); 
5) S + NE (SNE) and 6) S + NE + BMD (SNEA). On d0, S, 
SNE, and SNEA chicks were orally challenged with 

a Salmonella cocktail (103 CFU/bird with equal populations 
of each serotype: S. Typhimurium [ST], S. Infantis [SI], 
and S. Reading [SR]). Further, NE, SNE, and SNEA birds 
were inoculated with 3,000 sporulated oocysts of E. 
maxima on d14 and 1x108 CFU/bird CP on d19. The birds 
and feed were weighed on d 0, 7, 14, 19, 21, and 26, and 
the BWG, FCR, and mortality-adjusted FCR (mFCR) were 
calculated. Pathogen load (ST, SI, SR) in the litter was 
evaluated on d 0, 2, 7, 14, and 19; ceca on d2 and d7; and 
ceca and litter (ST, SI, SR, and CP) on d21 and d26. Data 
were analyzed by one-way ANOVA (JMP® Pro 15) and 
means separated by Tukey’s test (α=0.05). 
Post Eimeria challenge (d14–19), BWG decreased in all 
the Eimeria-challenged groups (NE, SNE, and SNEA) 
compared to NC (P=0.06) and NCA (P=0.02). Similarly, at 
peak infection (d21), NE, SNE, and SNEA had lower body 
weights (P<0.0001) compared with NC and NCA. However, 
by d26 NE birds showed compensatory growth, whereas 
birds with mixed pathogen challenge (SNE and SNEA) 
showed the lowest overall BWG (P≤0.0001) and higher FCR 
(P<0.001). During the overall period (d0–26), S did not affect 
BWG and FCR compared with NC (P>0.05). However, on 
d26, Salmonella population (ST, SI, SR) in the litter was 
higher in the SNE challenge group than in S alone 
(P<0.0001). Similarly, cecal Salmonella loads in SNE were 
consistently higher by 0.5 log CFU/g on d21 and d26 
compared to treatments S and SNEA. Co-infection of 
broilers with Salmonella and subsequent exposure to E and 
CP can affect bird performance and Salmonella shedding 
(increases) compared with individual pathogen challenges. 
Feeding BMD improved bird performance in the no-
challenge group (NCA) but did not demonstrate any 
beneficial effect in the mixed-challenge birds (SNEA). 

119 The intra-amniotic administration - an emerging 
method to investigate necrotizing enterocolitis, in 
vivo (Gallus gallus). Nikolai Kolba*1, Jacquelyn Cheng1, 
Cydney Jackson1, Elad Tako1; 1Cornell University, Food 
Science, Ithaca, New York, United States. 

This study demonstrates necrotizing enterocolitis (NEC) in a 
novel in vivo (Gallus gallus) model through intra-amniotic 
administration at varying dextran sodium sulfate 
concentrations (1-15 mg/mL DSS) to induce NEC pathology 
and negative bacterial-host interactions within a premature 
gastrointestinal system. On incubation day 17, 108 broiler 
chicken viable embryos were injected intra-amniotically with 
1 mL DSS in deionized water based on equal weight 
distribution. Seven treatment groups (0.1%, 0.25%, 0.5%, 
0.75%, 1%, 1.25%, and 1.5% DSS) and two controls 
(water/non-injected controls) were administered. Upon 
hatch, blood, cecum, small intestine, and liver were collected 
for hemoglobin and intestinal permeability, intestinal 
microbiota alterations, intestinal morphometric assessment, 
and mRNA gene expression relevant to nutrient transporters 
and inflammatory proteins, respectively. Our results were 
analyzed utilizing one-way ANOVA based on a Gaussian 
distribution, revealing that intestinal permeability was 
significantly increased with DSS exposure, and negative 
intestinal morphological changes were found. There was a 
significant decrease in inflammatory cytokines and amino 
peptidase (i.e., NF-κβ, TNF-α, AP) in the DSS groups 
compared to the control groups. In the 0.50% and 0.75% 
DSS groups, villus surface area and goblet cell diameter 
were significantly decreased (p > 0.05). Furthermore, there 
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was a significant (p > 0.05) increase in pathogenic bacterial 
abundance (E. coli and Klebsiella) in the 0.75% DSS group 
compared to the controls, demonstrating cecal microbiota 
dysbiosis. However, at the 1.5% (15 mg/mL) DSS, the 
intestinal villi recovered dramatically compared to the 0.1% 
(1 mg/mL) DSS group. Our results demonstrate striking 
similarities between our observations in the G. gallus model 
and clinical NEC symptoms. This study is the first to 
demonstrate NEC symptoms using intra-amniotic DSS 
administration within chickens, offering a promising avenue 
for identifying novel therapies for NEC pathologies. 

120 Varying doses of lipopolysaccharides affect 
osteogenic differentiation in mesenchymal stem cells 
isolated from chicken cortical bone. Venkata Sesha 
Reddy Choppa*1, Guanchen Liu2, Yuguo H. Tompkins3, 
Woo K. Kim4; 1University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States; 2University of 
Georgia, Poultry Science, Athens, Georgia, United 
States; 3University of Georgia, Poultry Science, Athens, 
Georgia, United States; 4University of Georgia, Athens, 
Georgia, United States. 

Modern-day broilers have a unique physiology that enables 
them to attain rapid growth rates, but the association 
between inflammatory bone loss and skeletal disorders is 
yet to be determined. Furthermore, persistent inflammation 
biologically alters signalling molecules and ultimately affects 
osteogenic differentiation. Lipopolysaccharides (LPS) are 
gram-negative bacterial components that activate cells 
through transmembrane receptor activation and other 
molecules. Previous studies have shown several pathways 
associated with osteogenic inductive ability, but the pathway 
has yet to be deciphered, and the data related to the dose-
dependent effect is limited. Primary Mesenchymal Stem 
Cells (MSCs) were isolated from the bones of day-old broiler 
chickens, and the current study focused on the dose-
dependent variation (3.125 micrograms/ml to 50 
micrograms/ml) on osteogenic differentiation and associated 
biomarkers in primary MSCs. The doses in this study were 
determined using the cell viability (MTT) assay. The data 
were analyzed using JMP PRO 16 with one-way ANOVA, 
and means were separated using Tukey HSD (α = 0.05). The 
study revealed that osteogenic differentiation varied with 
dose, and the cells exposed to higher LPS were viable but 
lacked differentiating ability. However, this effect became 
transient with lower doses, and this phenotypic character 
was observed with differential staining methods like Alizarin 
red, Von Kossa, and Alkaline phosphatase. Additionally, 
there was higher gene expression of Interleukin-1beta 
associated with higher doses of LPS. Moreover, the 
osteoprotegerin (OPG), a decoy receptor for RANKL (a key 
factor for osteoclast differentiation), was upregulated with 
lower doses of LPS, and RANKL was also upregulated with 
lower doses. On the other hand, the master regulator of bone 
formation (RUNX2) and BMP2 expression were upregulated 
with lower doses of LPS. Sclerostin, which is usually 
expressed in the resorbing bone, was upregulated with 
increasing doses. The data from this study revealed that LPS 
at varying doses had a varying effect on osteogenic 
differentiation through several pathways. In conclusion, this 

study relates to the exposure of modern-day broilers to a 
septicemic environment and its effects on bone development 
along with possible therapeutic targets to alleviate this global 
economic and welfare concern. 

121 Isolation of Streptococcus gallolyticus from 
turkey poults challenged via different routes. LaTasha 
Gray*1, Juan D. Latorre Cardenas1, Lauren Laverty1, Kristen 
Martin1, Makenly Coles1, Roberto S. Cuesta1, Ileana Loeza1, 
Andressa Stein1, Guillermo Tellez-Isaias2, Billy M. Hargis1; 
1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 2University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States. 

Streptococcus gallolyticus (SG) is a Gram-positive cocci 
found as commensal gut flora in domestic turkeys and other 
poultry. Within the past decade, some SG isolates have 
emerged as a cause of disease in young poults between one 
and three weeks of age. SG is associated with septicemia, 
resulting in acute mortality with no premonitory signs. The 
objective of this study was to fulfill Koch’s postulates and 
evaluate multiple routes of challenge. The SG isolate used 
was obtained and reported from a clinical field case 
submitted to the UADA Veterinary Diagnostic Lab in 
Fayetteville, Arkansas. A subset of day-of-hatch poults were 
cultured upon arrival to confirm they were not infected with 
SG. Challenge groups were as follows: Group 1: negative 
control in a separate isolation room; Group 2: negative 
control in same isolation room as challenged birds; Group 3: 
intratracheal (IT; 102 CFU/0.2mL); Group 4: oral gavage 
(103 CFU/0.2mL); Group 5: aerosol challenged 
(102 CFU/0.2mL; n=12/battery cage; n=5 cages/group). On 
d7 and d14, n=3/cage (n=15/treatment) were randomly 
selected and necropsied to observe macroscopic lesions 
and sampled to collect spleen, heart, and liver for incidence 
of SG recovery. On d21, remaining poults were necropsied 
and cultured. Samples were plated on Columbia nalidixic 
acid and colistin agar (CNA) and CHROMagar orientation 
medium (5% CO2 at 40°C -18-24 hr). Suspected colonies 
were confirmed by MALDI-TOF. Incidence and lesion data 
were analyzed using Chi-square test of independence using 
Excel, testing all possible combinations to determine 
significance (P<0.05). Splenomegaly, focal heart necrosis, 
pericarditis, yolk sac retention were observed in all groups, 
except controls in separate isolation with no group related 
differences (P>0.05). On d21, increased (P<0.05) recovery 
of SG from spleens was observed in co-housed negative 
controls, as well as poults challenged by oral gavage 
(P>0.05 for d7 and d14). These results indicate that SG 
challenge caused systemic infection and was transmitted to 
non-challenged poults within the same isolation 
room. Streptococcus gallolyticus showed low pathogenicity 
for turkey poults when challenged at day-of-hatch and 
pathological changes were consistent. Weight data were 
subjected to analysis by ANOVA using JMP (P<0.05). No 
differences were found in BW or BWG on days 0, 7, 14, or 
21. Transmission to unchallenged controls between battery 
cages within the same isolation room suggests that SG is 
highly contagious and may involve the respiratory tract as a 
portal of entry. 
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Student Competition: Microbiology and Food Safety I

122 The Expression of Biofilm Associated Genes 
in Salmonella Reading Biofilms at Various Stages of 
Development. Hudson Thames*1, Diksha Pokhrel2, Thu T. 
Dinh6, Li Zhang3, Wes Schilling4, Reshma Ramachandran5, 
Shecoya White7, Anuraj Sukumaran1; 1Mississippi State 
University, Poultry Science, Mt Pleasant, South Carolina, 
United States; 2Mississippi State University, Poultry 
Science, Starkville, Mississippi, United States; 3Mississippi 
State University, Poultry Science, Mississippi State, 
Mississippi, United States; 4Mississippi State University, 
Starkville, Mississippi, United States; 5Mississippi State 
University, Poultry Science, Starkville, Mississippi, United 
States; 6Tyson Foods, Springdale, Arkansas, United 
States; 7Mississippi State University, Food Science, 
Nutrition, and Health Promotion, Mississippi State, 
Mississippi, United States. 

One of the primary food safety concerns in the poultry 
industry is Salmonella biofilm formation on food contact 
surfaces. Recently, Salmonella Reading has contributed to 
multiple outbreaks in turkey meat. However, there are limited 
data on the characteristics of this strain of bacteria. 
Therefore, the objective of this in vitro study was to 
determine the relative expression of biofilm-associated 
genes in Salmonella Reading (outbreak strain) in planktonic 
cells and in biofilms at various stages of development. The 
relative expression of biofilm-associated genes in S. 
Reading was determined at three stages, 24 h planktonic 
cells, 4 d old biofilms, and 5 d old biofilms subjected to 
nutrient deprivation for 24 h, with planktonic cells at 12 h of 
incubation serving as the control. Five biofilm-associated 
genes were selected for analysis in this 
study: csgD, bapA, bcsA, adrA, and 
luxS. Salmonella Reading 0330 were cultured in tryptic soy 
broth at 37°C for 12 h and 24 h before being pelleted for RNA 
extraction. One ml of the 24-h culture was also serially 
diluted in TSB to 8 log CFU/mL and pipetted into wells of a 
24-well plate containing stainless steel coupons. The 
coupons were incubated at 37°C in an Eppendorf Shaker 
Series incubator at 200 rpm for 4 d and 5 d respectively. The 
coupons were supplemented with 1 mL of fresh TSB for the 
first 3 d of incubation. However, after 4 d, the remaining 
coupons were deprived of any fresh media supplement. 
RNA was extracted from the samples at each time point 
using the RNeasy Mini Kit. RNA was converted to cDNA by 
PCR using the Invitrogen SuperScript IV VILO Master Mix, 
and cDNA from each sample was amplified using qPCR with 
primers developed using Geneious Prime. The relative 
expression of each gene was analyzed by the 
2−△△Ct method, and all values were normalized to 16S. Data 
were analyzed in GraphPad Prism using a Student’s t-test at 
a significance level of 0.05. There was no difference in the 
expression of any of the 5 genes between 12-h and 24-h 
planktonic cells (P = 0.56). However, all 5 genes were 
downregulated in mature biofilms at 4 d of incubation (P = 
0.01). A 185-fold downregulation in bcsA was observed at 4 
d of incubation (P < 0.01). However, biofilms deprived of 
nutrients for an additional 24 h exhibited an upregulation of 
4 of the 5 genes, as there was no difference between the 
controls and biofilms at 5 d (P = 0.14). These results suggest 
that the expression of these genes is more related to nutrient 
availability than to the stage of biofilm formation. 

123 Construction and Characterization of 
Bioluminescent Salmonella Reading Outbreak and Non-
outbreak Strains. Abubakar S. Isah*1, Hossam 
Abdelhamed2, Anuraj T. Sukumaran1, Aaron S. Kiess4, 
Claudia D. Castaneda3, Reshma Ramachandran1; 
1Mississippi State University, Poultry Science, Starkville, 
Mississippi, United States; 2Mississippi State University, 
Comparative Biomedical Sciences, College Veterinary 
Medicine, Mississippi State, Mississippi, United 
States; 3Engrain LLC, Manhattan, Kansas, United 
States; 4North Carolina State University, Prestage 
Department of Poultry Science, Raleigh, North Carolina, 
United States. 

Salmonella is a Gram-negative bacterium that causes 
Salmonellosis. Salmonella rarely causes clinical disease in 
poultry and most infected birds remain asymptomatic 
carriers. In humans however, it is a major foodborne 
pathogen causing sporadic outbreaks worldwide with 
contaminated poultry and poultry products as major sources 
of infection. Salmonella 
enterica subspecies enterica serotype Reading recently 
emerged as a major foodborne pathogen following large 
multistate outbreaks in North America through the 
consumption of contaminated turkey products. This 
necessitates the close monitoring of this newly emerged 
serotype in poultry and poultry products. The aim of this 
study was to construct bioluminescent S. Reading that can 
be used in food safety monitoring of the pathogen using 
bioluminescence imaging. For this purpose, pBS-
slpGFPluxABCDE plasmid carrying luxABCDE operon and 
ampicillin resistance gene was cloned with chloramphenicol 
resistance gene and transformed into outbreak and non-
outbreak strains of S. Reading by electroporation. The two 
strains were successfully transformed with the new plasmid 
and colonies were confirmed by the visualization of 
bioluminescence using an in vivo imaging system (IVIS) and 
their resistance to chloramphenicol. Strains were 
characterized in terms of bioluminescence properties and 
plasmid stability. The bioluminescence emitted by both the 
strains were quantified as 
108 photons/second/cm2/steradian. Further, plasmid stability 
was assessed by daily subculturing the bioluminescent 
strains in LB medium without antibiotics. The growth curves 
of the parent and bioluminescent strain were also evaluated 
in LB only and LB supplemented with chloramphenicol 
media by comparing the optical densities (OD600) for 24h 
using the BioTek Cytation1 machine. The results showed 
that the plasmid stability in the bioluminescent bacteria 
under non-selective condition was 8 days for both outbreak 
and non-outbreak strains. Further, the growth curves in LB 
medium were similar between the parent and 
bioluminescent bacteria for both outbreak (P=0.87) and non-
outbreak (P=0.82) strains. As expected, in LB supplemented 
with chloramphenicol medium, the growth of the parent 
strains was suppressed leading to significant difference in 
growth curve between the parent and bioluminescent 
bacteria for both the strains (P<0.05). In conclusion, the 
stable bioluminescent S. Reading strains developed in this 
study could be used for real-time tracking and reducing 
contamination of this foodborne pathogen in live poultry and 
poultry products. 
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124 Evaluation of YidR as a Salmonella Enteritidis 
vaccine in layer pullets. Allison Milby-Blackledge*1, Yuhua 
Z. Farnell2, Luc R. Berghman3, J A. Byrd4, Christi L. 
Swaggerty4, Marjory Rodrigues5, Rodrigo Bicalho5, Morgan 
Farnell6; 1Texas A&M University, Poultry Science, College 
Station, Texas, United States; 2Texas A&M University, 
Poultry Science, College Station, Texas, United States; 
3Texas A&M University, Poultry Science, College Station, 
Texas, United States; 4USDA/ARS, College Station, Texas, 
United States; 5FERA Diagnostics and Biologicals, College 
Station, Texas, United States; 6Texas A&M University, 
Poultry Science, College Station, Texas, United States. 

Salmonella enterica serovars cause over one million cases 
of foodborne illness in the United States annually. The 
development of a novel vaccine could improve food safety 
by reducing Salmonella in chickens. We hypothesized that 
the subcutaneous administration of YidR, a recombinant 
protein that is conserved in Gram negative bacteria and has 
successfully provided immunity in cattle and mice, will 
reduce Salmonella Enteritidis (SE) cecal colonization and 
improve immune function in layer pullets. The objectives of 
this study were to assess the effects of YidR on SE cecal 
colonization and serum cytokine expression. This study 
consisted of one 35-day experiment and one 49-day 
experiment. Day-of-hatch pullets were evenly distributed 
across two battery cages and randomly assigned into six 
treatments with 8 replicate pens per treatment. A commercial 
oil-in-water emulsion adjuvant was used with the YidR 
peptide to create the vaccine. Treatments were as 

follows: Experiment 1- negative control, adjuvant control, 
YidR control, ½ X, 1X, and 2X YidR with 
adjuvant; Experiment 2- negative control, adjuvant control, 
YidR control, booster control, 1X YidR with adjuvant, and 1X 
YidR with adjuvant and booster. Pullets were orally gavaged 
with SE at 28 days and 42 days for experiment one and two, 
respectively. Birds were euthanized one week post infection. 
Cecal colonization and serum pro-inflammatory 
cytokines- interferon gamma (IFNγ), interleukin-2 (IL-2), IL-
6, IL-16, IL-21; anti-inflammatory/regulatory cytokines- 
IFNα, IL-10; chemokines- regulated 
on activation, normal T-cell expressed and secreted 
(RANTES), macrophage inflammatory protein-1β (MIP-1β), 
MIP-3α; colony-stimulating factors- macrophage colony-
stimulating factor (M-CSF); and growth factors- vascular 
endothelial growth factor (VEGF) were evaluated. Data were 
analyzed via a one-way ANOVA with an α = 0.05. No 
significant SE reductions in either experiment were found 
with respect to the adjuvant control. Decreased expression 
of IL-2 was detected in the 1X YidR with adjuvant (p = 
0.0329) treatment compared to the adjuvant control in 
experiment one, suggesting T cell activity was lower. No 
other significant differences were observed in cytokine 
expression. Overall, these data suggest that YidR was not 
efficacious in reducing SE or modulating the immune 
response. Future research may evaluate YidR against 
other Salmonella serovars, consider different time points, 
and use other adjuvants. 
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Student Competition: Metabolism and Nutrition: General Nutrition II

125 Layer’s choice: Egg production and quality in 
laying hens provided varying dietary metabolizable 
energy. Jo Ann Chew*1, Thiago L. Noetzold1, Martin J. 
Zuidhof1; 1University of Alberta, Department of Agricultural, 
Food & Nutritional Science, Edmonton, Alberta, Canada. 

The objective of this study was to understand the egg 
production and egg quality of laying hens when provided the 
choice of diets containing various dietary metabolizable 
energy (ME) levels during the pullet phase. Lohmann Brown-
Lite pullets (n=184) were randomly assigned to a 2 × 4 
factorial arrangement of treatments with 2 levels of feed 
restriction: non-restricted (NR) and restricted (R); and 3 
levels of dietary ME: Low (2,600 kcal/kg), Standard (Std; 
2,800 kcal/kg), or High (3,000 kcal/kg). The fourth treatment 
(Choice) enabled birds to choose from the three diets. 
Restricted birds followed the lower range of the breeder-
recommended target BW trajectory. All birds were raised in 
floor pens from 0 to 89 weeks of age and fed with multi-
feeder precision feeding stations that allocated feed 
individually. Therefore, each bird was an experimental unit. 
All birds were photostimulated at 18 weeks of age. Data 
collection included egg production, egg weight, egg mass, 
specific gravity, relative yolk, albumen and shell weight, and 
yolk to albumen ratio every 4 weeks. The effect of feed 
restriction, diet ME, age, and their interactions were 
analyzed as a 3-way ANOVA. Means were separated using 
Tukey’s multiple range test and differences were reported 
where P < 0.05. In the Choice treatment, R birds had greater 
egg production than NR birds (83.4 vs 79.5 %, 
respectively, P < 0.001). There was no effect of feed 
restriction and diet ME on total number of eggs laid. In Low 
and Std ME treatments, NR birds had greater egg weight 
than R birds (61.5 vs 59.8 and 61.6 vs 59.6 g, 
respectively, P < 0.001), while birds fed R and High ME had 
greater egg weight than NR birds (59.4 vs 58.7 g, P < 0.001). 
No differences were found in egg weight in Choice birds. 
While birds in the Low, Std, and High ME diets had greater 
egg mass when fed NR, Choice birds fed R had greater egg 
mass than NR (53.8 vs 52.1 g/d, respectively, P < 0.001). 
Birds fed Low and Std ME had greater relative yolk weights 
when fed R than NR, while Choice birds were opposite (25.7 
vs 24.9 %, respectively, P < 0.001), and no feed restriction 
difference was observed in High ME birds. High ME and 
Choice birds had greater relative albumen weights when fed 
R than NR (64.8 vs 64.4 and 65.3 vs 64.3 %, 
respectively, P < 0.001). Low, Std, and High ME birds had 
similar yolk to albumen ratios between NR and R treatments. 
However, Choice birds fed NR had a greater yolk to albumen 
ratio than R birds (0.40 vs 0.38, respectively, P < 0.001). 
When given a choice of varying dietary ME, R birds had 
greater egg production than NR birds, however, relative yolk 
weight and yolk to albumen ratio were greater in NR than R 
birds. 

126 Effect of Graded Levels of Aflatoxin B1 on Broiler 
Bone Quality and Jejunal Calcium and Phosphorus 
Transporter Gene Expression. Deependra Paneru*1, 
Milan K. Sharma2, Jinquan Wang1, Woo K. Kim1; 1University 
of Georgia, Department of Poultry Science, Athens, Georgia, 
United States; 2University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States. 

Aflatoxin B1 (AFB1), a mycotoxin found in contaminated 
feed, is a potential contributing factor to broiler bone related 
health and welfare issues including lameness. An 
experiment was conducted to investigate the effects of 
graded levels of AFB1 on growth performance and bone 
quality in broiler chickens. A total of 360 one-day-old male 
broiler chicks (Cobb500) were randomly allocated into five 
treatment groups fed with 0, 100, 200, 400 and 800 ppb of 
AFB1 contaminated feed, with 6 replicated cages and 12 
birds in each cage during 19 d period. Tibia, femur, and 
jejunum segments were collected on d 8 and 19 for bone 
ash, 3-D structural analysis, and jejunal gene expression on 
Ca and P transporters and Vitamin D receptors, respectively. 
The collected data were analyzed using one-way ANOVA 
with the PROC GLM in SAS. P-values less than 0.05 were 
considered statistically significant. Orthogonal polynomial 
contrasts were used to assess the linear or quadratic effects 
of AFB1 contamination on broiler bone quality and jejunal 
gene expression. The results indicated that the tested levels 
of AFB1 up to 800 ppb did not compromise growth 
performance, however, increasing the AFB1 level in the diet 
linearly reduced the bone characteristics and the expression 
of Ca and P transporters and vitamin D receptors on day 19. 
Tibia ash weight (P=0.0077) was linearly decreased with 
increasing levels of AFB1 on d 19. In femur bone, trabecular 
bone mineral density (P=0.0214) and content (P=0.0331) 
were linearly reduced in response to the increasing dose of 
AFB1. Moreover, poor cortical bone traits were observed in 
the 800 ppb AFB1 treatment group, which led to a decrease 
of overall total metaphyseal bone quality. Similarly, the 
mRNA levels of calbindin-D28k (CALB1; P=0.0277), 
calcium-sensing receptor (CaSR; P=0.0016), sodium-
calcium exchanger 1 (NCX1; P=0.0023), sodium/phosphate 
cotransporter 2B (NaPi-IIb; P=0.0174), plasma membrane 
Ca2+-ATPase 1 (PMCA1; P=0.002), and vitamin D receptor 
(VDR; P<0.0001) were downregulated in the AFB1 
treatment groups compared to the control. In conclusion, 
AFB1 contamination in feed negatively impacted the overall 
bone quality in broiler chickens by impairing bone 
mineralization and interfering with the absorption and 
utilization of calcium and phosphorus. 

127 Determination of TMEn, standardized amino acid 
digestibility, phosphorus digestibility, and phosphorus 
bioavailability of palm kernel meal. Jennifer Blair*1, Pam 
Utterback1, Jason Emmert1, Carl Parsons1; 1University of 
Illinois Urbana-Champaign, Urbana, Illinois, United States. 

Three experiments were conducted to evaluate the 
nutritional value of palm kernel meal (PKM) from Colombia, 
Costa Rica, Indonesia, Mexico, and Thailand. Extensive 
chemical analysis were initially conducted to determine 
nutritional composition of 10 PKM. Three experiments were 
then conducted to evaluate PKM when fed to chickens. The 
first experiment was conducted to determine nitrogen-
corrected true metabolizable energy (TMEn) in 4 replicate 
conventional roosters and standardized amino acid (AA) 
digestibility in 4 cecectomized roosters for 12 PKM. Roosters 
were fasted for 26 h prior to crop intubation with 25 g of 
sample and excreta were collected for 48 h. Data were 
analyzed by one-way ANOVA. In Experiment 2, P 
bioavailability of 2 PKM samples from Mexico (M-PKM) and 
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Costa Rica (CR-PKM) was determined based on tibia bone 
ash, relative to KH2PO4. From 8 to 18 d-of-age, P-deficient 
corn-soybean meal diets supplemented with 0.05 and 0.1% 
P from KH2PO4 or 15 and 30% M-PKM and CR-PKM were 
fed to 6 replicate pens of 5 chicks. Data were analyzed using 
a one-way ANOVA and multiple regression analyses. In 
Experiment 3, a broiler chicken assay was conducted to 
determine apparent ileal P digestibility for M-PKM and CR-
PKM at 2 dietary Ca levels in 2x2 factorial treatment 
arrangement. Diets were fed from 18 to 22 d of age. Semi-
purified diets containing 45% M-PKM or CR-PKM as the sole 
source of P were fed at a Ca:total P ratio of 1.4 and 3.6. The 
latter ratio was increased by adding limestone to increase 
dietary Ca from 0.3% to 0.75%. Data were analyzed as a 2-
way ANOVA with PKM and Ca:total P ratio as main effects. 
Chemical composition results (%), mean (range), were as 
follows: CP, 13.7 (11.2-16.6); fat, 7.5 (5.9-10.5); NDF, 64.4 
(60.8-67.3); Ca, 0.4 (0.2-0.5); P, 0.7 (0.6-0.8); phytic acid, 
1.3 (1.1-1.6). In Experiment 1, TMEn differed among PKM 
(P<0.05) and ranged from 1,644 – 2,439 kcal/kg DM for the 
12 PKM. Standardized digestibility of AA varied among 
samples (P<0.05), e.g., digestibility of Lys varied from 35 to 
60%. In Experiment 2, multiple regression of bone ash 
(mg/tibia) on supplemental P intake yielded a P 
bioavailability of 21 and 40% relative to KH2PO4 for M-PKM 
and CR-PKM, respectively. In Experiment 3, apparent ileal 
P digestibility was 38 and 24% in M-PKM and was 48 and 
30% in CR-PKM at Ca:total P ratios of 1.4 and 3.6, 
respectively (main effect of PKM and Ca level, P<0.05). In 
conclusion, chemical composition, TMEn, and AA 
digestibility varied greatly among PKM from different 
countries and bioavailability and digestibility of P varied with 
dietary Ca level and method of determination. 

128 Effects of methionine supplement sources and 
crude protein on Ross 708 male broiler 
performance. Darby Boontarue*1, Fernanda L. Castro2, 
Jinlei Wen2, Courtney Poholsky3, Brendan Liebross4, John 
W. Boney5; 1Penn State University, , State College, 
Pennsylvania, United States; 2Evonik Corporation, 
Kennesaw, Georgia, United States; 3Penn State University,  
Howard, Pennsylvania, United States; 4The Pennsylvania 
State University, Animal Science, Manalapan, New Jersey, 
United States; 5Penn State University, Animal Science, 
University Park, Pennsylvania, United States. 

Nutritionists have access to various ingredients that fulfill 
methionine (Met) requirements of broilers. Amino acids (AA), 
such as DL-methionine, are nearly 100% bioavailable while 
methionine hydroxy analogs are shown to be relatively less 
bioavailable. Thus, this experiment aimed to determine the 
efficacy of using a 65% DL-methionine and 35% limestone 
dilution product (65DLM) compared to a methionine hydroxy 
analog (MHA) product when included in a diet deficient in 
total sulfur AA. A total of 3,072 Ross 708 male broilers 
received diets varying in Met source (none, MHA, or 65DLM) 
and crude protein (CP) (Standard or Reduced 2%). 
Treatments were arranged in a 2 x 3 factorial in a 
randomized complete block design. Each treatment was fed 
to 16 replicate floor pens with 32 broilers/pen across a 3-
phase feeding program from d1-42. Broiler performance was 
measured during the starter (d1-10), grower (d11-24), 
finisher (d25-42), and overall (d1-42) periods. On d 24 and 
42, litter was collected to determine litter moisture and three 
birds/pen were selected for footpad lesion scoring (FLS). On 

d42, three broilers +/- 10% of the average pen weight were 
selected for processing yield. Performance, litter moisture, 
and processing metrics were analyzed by two-way ANOVA 
using the GLM procedure of SAS. FLS were analyzed via 
descriptive statistics by using the frequency procedure of 
SAS. Broilers receiving Standard CP (SCP) with either MHA 
or 65DLM consumed 1,676 g more feed and gained 1,300 g 
more than Reduced CP (RCP) with no Met during d1-42 
(P<0.001). Additionally, a d1-42 FCR interaction indicated a 
0.3 FCR improvement (P=0.007) for broilers consuming 
SCP with either MHA or 65DLM compared to broilers 
consuming RCP with no Met. Overall, RCP-fed birds, 
regardless of Met source, showed reduced performance 
than their counterpart SCP treatments. At d24 and d42, both 
main effects impacted litter moisture (P<0.05). Birds fed 
SCP diets increased litter moisture when compared to birds 
fed RCP diets. Likewise, birds fed either MHA or 65DLM had 
higher litter moisture content than birds provided a diet with 
no Met supplementation. On d42, 23 SCP-fed birds had FLS 
other than “0” while only five RCP-fed birds had FLS other 
than “0”. Breast weight was highest when 65DLM was 
included in SCP diets and reduced when MHA was provided 
in either RCP or SCP diets. Breast weight was intermediate 
when 65DLM was provided in RCP diets and were lowest 
when Met was not supplemented in RCP diets (P=0.003). 
Overall, this experiment indicates that 65 parts of DLM can 
replace 100 parts of MHA in formulation where broilers 
maintained performance and improved breast weight. 

129 Supplemental dietary microalgae may be used to 
mitigate climate impacts of broiler production. Tao 
Sun*1, Sahil Kalia1, Xin Gen Lei1; 1Cornell University, Animal 
Science, Ithaca, New York, United States. 

Broiler production, similar to other animal agriculture, 
contributes to greenhouse gas (GHG) emissions of CO2, 
CH4, and N2O. This study was to investigate the potential of 
feeding various microalgal biomasses in mitigating the GHG 
emissions from the chicken excreta. A total of 108 (day-old) 
Cobb male chicks were housed in an environmental control 
room (6 cages/treatment, 3 chicks/cage) and fed a corn-
soybean meal basal diet supplemented with five microalgal 
biomass (Nannochloropsis oceanica, C417-LEA, C018-
LEA, H117-LEA, and C417-H1) (provided by Duke 
University Marine Laboratory) at 17.5% between day 6 to 21. 
Growth performance was measured weekly. The animal 
excreta was collected from plastic pans beneath the meal 
wire floor in each cage (6 pans/treatment). At day 21, the 
excreta was weighed, sampled, and stored till analysis. Gas 
emission from excreta was analyzed weekly up to the fourth 
week using the gas concentration analyzer (G2508, Picarro, 
CA). Between the measurement, the excreta samples were 
stored at room temperature (around 25oC). The total track 
digestibility of nutrients was analyzed using 0.3% chromium 
oxide as an indirect marker in the diets. The data were 
analyzed by one-way ANOVA and Duncan’s multiple 
comparisons. All microalgae supplementations at 17.5% 
decreased body weight gain by 26 to 49% (P < 0.05), without 
effect on feed intakes. The feed use efficiency (gain/feed) 
was decreased (P < 0.05) by 12 to 35%. On day 21, the N. 
oceanica, C018-LEA, and C417-H1 treatments lowered (P < 
0.05) the emission of N2O and NH3 by 55% to 136%. 
Meanwhile, CO2 production was reduced (P < 0.05, 48% to 
271%) by all microalgae diets on day 7, 14, and 21. The total 
track nitrogen retention was increased (P < 0.05, 35 to 61%) 
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by feeding N. oceanica and C417-H1, but decreased by 
feeding C018-LEA (P < 0.05, 20%). In conclusion, although 
feeding chicks 5 types of microalgae at 17.5% of diet 
reduced growth performance, they showed a potential of 
mitigating the climate impact of broiler production by 

decreasing excreta emissions of CO2, CH4, and N2O, and 
NH3. [Supported by DOE (DE-EE0007091), USDA (2019-
69012-29905), and Cornell University (Hatch grants NYC-
127419 and NYC-127302)]. 
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Student Competition: Metabolism and Nutrition: Feed Additives

130  Evaluation of butyric acid in broilers raised 
without antibiotics and on used litter. Cooper Fritzlen*2, 
Haitham Yakout1, Mike Persia3; 1Adisseo, Raleigh, North 
Carolina, United States; 2Virginia Tech, Blacksburg, 
Missouri, United States; 3Virginia Tech, Blacksburg, Virginia, 
United States. 

An experiment was conducted to determine the effects of 
butyric acid (BA) on performance, and intestinal health of 
broilers raised on used litter. Used litter was generated by 
housing 30 chicks vaccinated with 0.1 ml of 
CocciVac® B52in 454g of feed offered for 2 days and raised 
for 21d. Day-old male Ross 708 broiler chicks (0.08 m2) were 
housed in floor pens and assigned to one of six treatments 
(trt): positive control (PC) fed a diet without BA on clean pine 
shavings, negative control (NC) fed the same diet on used 
litter, and four trts fed a similar diet containing 500ppm 
(500BA), 1,000ppm (1000BA), 500ppm 0-8d and 250ppm 8-
42d (500/250BA), or 1,000ppm 0-8d and 250ppm 8-42d 
(1000/250BA) BA and raised on used litter. Each treatment 
was replicated with 12 pens of 35 birds. Body weight gain 
(BWG) and mortality-corrected feed conversion ratio 
(FCRm) were reported for the 0-8d, 0-25d, and 0-42d 
periods. On D15, 1 bird per pen was orally gavaged with 
8.32mg/kg fluorescein isothiocyanate-dextran (FITC-d) and 
one hour later 1 ml of blood was collected to assess 
intestinal permeability via serum FITC-d. Data were 
analyzed using ANOVA, and if P ≤ 0.05, means were 
separated using Fisher’s LSD (JMP Pro 16). From 0-8d, the 
NC birds (100.7g) resulted in reduced BWG (P ≤ 0.01) in 
comparison to the PC birds (107.5g). However, this 
difference was lost as the NC birds were not different from 
the PC birds for BWG from 0-25d (1026 vs. 1066g; P = 0.11) 
or 0-42d (2803 vs. 2825g; P = 0.95). There were no 
differences in FCRm between NC and PC birds from 0-8d (P 
= 0.58), 0-25d (P = 0.95), or 0-42d (P = 0.65). Treatment of 
broilers with BA resulted in increased BWG of 107.1, 105.4, 
108.3, and 106.1g for 500BA, 1000BA, 500/250BA, and 
1000/250BA, in comparison to the NC birds from 0-8d (P ≤ 
0.01) and was not different from the PC birds (P > 0.05). The 
supplementation of BA was able to improve FCRm to 0.883, 
0.881, 0.851, and 0.857 for 500BA, 1000BA, 500/250BA, 
and 1000/250BA, respectively, in contrast to the PC (0.931) 
and NC (0.944) from 0-8d (P ≤ 0.01). As with BWG, the 
responses in FCRm were lost over time, as 0-25d (P = 0.64) 
and 0-42d (P = 0.95) periods resulted in no differences. 
Consistent with the performance data after 8 days, there 
were no differences in serum FITC-d concentration when 
measured at 15 days (P > 0.05). Although the used litter was 
unable to maintain a performance difference over the entire 
42-day experimental period, it did reduce the performance of 
the NC from 0-8d when the birds are most susceptible. 
Under these mild conditions, BA was able to ameliorate 
negative performance effects with the reused litter model 
during the 8-d starter period when an additional challenge 
was provided. 

131 Individual and combined effects of phytase and 
butyric acid on jejunum histomorphometry, cecal 
microbiome, and jejunum tight-junction gene 
expression of YPM x Ross 708 male broilers. Joseph P. 
Gulizia*1, Maria Tereza Bethonico Terra1, Zubair Khalid2, 

Jose I. Vargas1, Susan M. Bonilla1, Jose R. Hernandez1, 
Sureerat Thuekeaw3, James Krehling1, Ruediger Hauck12, 
Kenneth Macklin1, William A. Dozier, III1, Klint McCafferty4, 
Wilmer J. Pacheco1; 1Auburn University, Department of 
Poultry Science, Auburn, Alabama, United States; 2Auburn 
University, Department of Pathobiology, Auburn, Alabama, 
United States; 3Chulalongkorn University, Department of 
Animal Husbandry, Faculty Veterinary Science, Pathumwan 
District, Bangkok, Thailand; 4USDA-ARS Poultry Research 
Unit, , Mississippi State, Mississippi, United States. 

The use of antibiotic growth promoters (AGP) in poultry diets 
has decreased, which has emphasized a need for AGP 
alternatives. The objective of this 42-d study was to evaluate 
the effects of phytase, butyric acid (BA), and their 
combination as AGP alternatives on broiler intestinal health 
and physiology. A total of 2,880 d-old YPM x Ross 708 male 
broilers were distributed randomly in 72 floor pens (40 
birds/pen) and assigned to 1 of 9 treatments with 8 replicates 
per treatment. This experiment was a 2 x 2 x 2 + 1 factorial 
arrangement including 2 levels of phytase (500 or 1,500 
FTU/kg), 2 levels of BA (0 or 0.5 g supplement/kg diet), 2 
levels of BMD 50 (0 or 55 ppm), and a negative control 
receiving no phytase, BA or BMD. Jejunum and cecal 
samples were collected on d 28 and 42 to assess jejunum 
villus length (VL), crypt depth (CD), tight-junction gene 
expression, and cecal microbiome diversity. The cecal 
microbiome was investigated by 16S rRNA next-generation 
amplicon sequencing and analyzed using the Qiime2 
pipeline. Data were analyzed as a 2 x 2 x 2 factorial 
arrangement (phytase x BA x BMD) and as independent 
orthogonal contrasts using SAS PROC GLIMMIX. Means 
were separated using the PDIFF option and considered 
significant at P ≤ 0.05. Broilers fed a diet with 500 FTU/kg of 
phytase had a higher d 28 VL and CD compared to 1,500 
FTU/kg (P < 0.05). Dietary inclusion of 0.5 g/kg of BA 
increased d 28 and d 42 VL and lowered d 42 CD compared 
to 0 g/kg (P < 0.05). Broilers consuming a diet with BMD had 
a lower d 42 VL, CD, and VL:CD ratio compared to broilers 
fed a diet without BMD (P < 0.05). Regardless of phytase 
inclusion, broilers fed a diet with BA had a higher d 42 VL 
and VL:CD ratio compared to BMD (P < 0.05). Broilers fed a 
diet with BMD had a higher Pielou’s evenness of cecal 
microbiome compared to those consuming diets devoid of 
BMD on d 28 (P < 0.05). Pielou’s evenness was not 
influenced by phytase inclusion alone (P > 0.05); however, 
when combined with BA, 1,500 FTU/kg of phytase increased 
d 42 Pielou’s evenness compared to 500 FTU/kg (P < 0.05). 
Other indicators of microbial alpha diversity were not 
significantly different. Day 28 tight junction genes (CL-1, CL-
4, CL-5, and ZO-2) were upregulated when broilers were fed 
a diet with BA combined with 1,500 FTU/kg of phytase 
compared to 500 FTU/kg (P < 0.05). Overall, broiler 
intestinal health and physiology can be altered by feed 
additives such as phytase, BA, and BMD. Furthermore, the 
combination of BA and 1,500 FTU/kg of phytase can 
increase evenness of the cecal microbiome and upregulate 
jejunum tight junction gene expression. 

132 Role of a precision-biotic on Dekalb White laying 
hens at peak production. ElsiAnna Rodewald*1, Brooke 
Jasek2, Li Zhang1, Stacey Roberts3, Pratima 
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Adhikari1; 1Mississippi State University, Poultry Science, 
Starkville, Mississippi, United States; 2DSM Nutritional 
Products, Cave Springs, Arkansas, United States; 3Versova, 
Sioux Center, Iowa, United States. 

The objective of this study was to determine the effect of two 
levels of a new precision biotic (Symphiome) in conjunction 
with varying crude protein levels (CP) for performance 
parameters and blood biomarkers in layers from 24 to 40 
weeks of age. A total of 448, 22-week-old Dekalb White 
pullets were placed in the caged-layer facility at the Poultry 
Research Center of Mississippi State University. A total of 
112 cages with 4 hens per cage were utilized and arranged 
into 14 blocks. Each block consisted of 2 replications of 4 
treatments for a total of 28 replications per treatment. 
Feeding of the test diets began when the pullets reached 24 
weeks of age. A total of four diets were fed: 1) an industry 
standard positive control (PC) diet with a formulated CP level 
of 17.5%, 2) a negative control (NC) diet with a formulated 
CP level of 15.5%, 3) NC diet with 500 ppm Symphiome and 
4) NC diet with 700 ppm Symphiome. Data was analyzed by 
one-way ANOVA with PROC GLM SAS 9.4. Differences 
were considered significant at P≤ 0.05. Hen day egg 
production (HDEP) was significantly different (P<0.0001) 
between the treatments, birds fed the PC diet had the 
highest HDEP, followed by those fed 700 ppm Symphiome 
in the NC. Birds fed the NC had similar HDEP to those fed 
the NC with 500 ppm Symphiome. Significant differences 
were also observed for average egg mass (EM) (P=0.0099) 
where birds fed the PC diet had the highest EM, with those 
fed the NC with 700 ppm Symphiome being statistically 
similar to the PC. There were no significant differences 
(P=0.3271) between treatments for feed conversion in terms 
of grams of feed per gram of egg (GF/GE). Hens fed NC with 
700 ppm Symphiome were similar to that of the PC diet for 
GF/GE, while birds fed a NC diet with 0 and 500 ppm 
Symphiome had a higher FCR. In summary, reducing the CP 
level from 17.5% to 15.5% decreased HDEP, EM, and 
increased GF/GE. However, including Symphiome at 700 
ppm in a 15.5% CP diet, resulted in similar performance to 
the PC diet at 17.5% CP. 

133 Supplemental probiotics in layer diets improved 
the egg quality, tibia traits, and cecal microbiota, but not 
the laying performance. Elijah O. Oketch*4, Myunghwan 
Yu1, Jun Seon Hong1, Nuwan Chamara Chathuranga1, 
Eunsoo Seo3, Hans Lee2, JungMin Heo1; 1Chungnam 
National University, Animal Science and Biotechnology, 
Daejeon, , Korea (the Republic of); 2Kemin Animal Nutrition 
and Health, Gyeonggi-do, Korea (the Republic 
of); 3Chungnam National University, Animal Bioscience and 
Biotechnology, Daejeon, Korea (the Republic of); 
4Chungnam National University, Animal Science and 
Biotechnology, Daejeon, Korea (the Republic of). 

Two hundred and sixteen Hy-Line Brown hens were used to 
investigate the efficacy of Bacillus-based probiotics to 
improve the laying performance, egg quality, cecal 
microbiota balance, and tibia traits over 12 weeks. The birds 
were housed in enriched cages and divided into three groups 
with 12 replicates and 6 birds per cage. Birds were fed one 
of three mash diets including a standard diet (Control); 
Control plus probiotic at the recommended industry level of 
3 × 108 CFU/g feed (Enterosure); Control plus probiotic at an 
overdose level of 3× 109 CFU/g feed (Enterosure+). Laying 

performance was assessed on days 28, 42, 56, 70, 84, and 
98. The egg quality analyses were conducted on days 42, 
70, and 98. On day 98, the cecal microbiota 
including Lactobacillus, Bifidobacterium, Enterococcus, 
and Clostridium; and tibia traits including weight, length, 
volume, density, total ash, Ca, and P content were 
measured. Collected data were analyzed using the one-way 
ANOVA technique of IBM SPSS Statistics Windows, Version 
26. Statistical significance was noted at P < 0.05 and 
tendencies for significant effects were measured at 0.05 < P 
< 0.10. Significant means were separated using Tukey’s 
multiple range test. The laying performance was unaffected 
(P < 0.05) with probiotics. Improvements were noted (P < 
0.05) for the egg-breaking strength, shell color and 
thickness, albumen height, and yolk color with the feeding of 
both probiotic-supplemented diets at day 42. On day 70, the 
shell thickness, yolk color, and percentages were improved 
(P < 0.05) with supplemental probiotics in both Enterosure 
and Enterosure+ diets relative to Control. On day 98, the 
egg-breaking strength, shell color and thickness, albumen 
height, and Haugh units were higher, but yolk cholesterol 
was reduced (P < 0.05) with probiotics in the Enterosure and 
Enterosure + diets. In addition, probiotics in the 
supplemented diets led to improvements (P < 0.05) in the 
tibia Ca, ash, weights, and density of birds. Tendencies for 
improved P values (P = 0.061) were also noticed with 
probiotics. Furthermore, improvements (P < 0.05) for 
the Bifidobacterium and Lactobacillus; but marginally 
reduced Clostridium populations (P = 0.076) were noted 
with probiotics in the Enterosure and Enterosure+ diets. 
Conclusively, the cecal colonization of intestinal microbiota 
that are considered beneficial directly contributed to the 
improved egg quality and tibia characteristics of the 
probiotic-supplemented hens. No further improvements in 
the measured parameters were noticed with probiotic 
supplementation at the overdose rate relative to the 
recommended level. Therefore, the current probiotic at the 
recommended industry level of 3 ×10^8 CFU/kg of feed is 
appropriate. 

134 Not Presented. 

135 The effect of dietary supplementation of a direct 
fed-microbial on Pekin duck growth and welfare. Jessica 
Rocha*1, Hector Leyva-Jimenez3, Yemi Burden3, Brian P. 
Dirks3, Gregory Archer2; 1Texas A&M University, Poultry 
Science, College Station, Texas, United States; 2Texas 
A&M University, Poultry Science, College Station, Texas, 
United States; 3United Animal Health, Inc., Research and 
Development, Sheridan, Indiana, United States. 

This study evaluated the effect of supplementing a direct-fed 
microbial (DFM) in the feed on the performance and welfare 
of Pekin ducks. A complete randomized design was used to 
distribute 5 dietary treatments, each consisting of 10 
replicate pens and 25 straight-run day-of-hatch ducks/pen. 
The treatments include a commercial-type basal diet (Con), 
or the basal diet supplemented with 125 ppm (A-125), 250 
ppm (A-250), 500 ppm (A-500), and 750 ppm (A-750) DFM 
(Amnil®, United Animal Health, US). The animal trial lasted 
for 35 d with a 2-phase feeding program (Starter 0-14 d and 
Grower 14-35 d). The starter feed was offered as crumbles 
and the grower feed as a pellet. Feed and water were offered 
ad libitum throughout the trial. Body weight (BW) and feed 
consumption (FC) of birds from 0 to 35 d of age were 
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measured for each pen and mortality corrected feed 
conversion ratio (FCR) was calculated. On d 14 and 35 
performance was evaluated. Gait scores (GS), and footpad 
lesions (FPL) were measured at 35 d to evaluate duck 
welfare. Data were analyzed using the GLM model of 
Minitab. Fisher’s LSD was used for mean separation (P 
< 0.05). At 14 d, treatment A-250 had a lower (P = 0.01) 
average daily feed intake (ADFI) (68.4 g/d) compared to 
treatments NC (75.37 g/d), A-125 (73.31 g/d), and A-750 
(73.42 g/d). The FCR was numerically improved in all DFM-
supplemented treatments by an average of 2%, 7%, 5%, and 
4% for A-125, A-250, A-500, and A-750 respectively, when 
compared to NC at 14 d. Cumulatively (0-35 d), NC had 
higher (P = 0.01) ADFI than all other treatments. 
Additionally, FCR for the NC was higher (P = 0.02) than all 
other treatments supplemented with DFM. A quadratic 
response in FCR (P = 0.03) was observed with increasing 
inclusion levels of the DFM to the NC diet at 35 d. When the 
FCR was adjusted to a common BW (3.31 kg) an 8.6, 3.8, 
5.7, and 5.6-point difference was observed between the NC 
and the A-125, A-250, A-500, and A-750, respectively. 
Although no statistical differences were observed in GS and 
FPL (P > 0.05), ducks fed the different levels of DFM showed 
improved walking ability and reduced FPL overall. In 
conclusion, these results indicate that DFM supplementation 
in the feed can improve duck growth and feed efficiency, and 
potentially duck welfare. 

136 In ovo probiotic application improves embryonic 
development and modulates microbiome acquisition in 
broiler chicks. Mairui Gao*1, Yuying Ren1, Si Lu1, Veera 
Venkata Praveen Raja Kosuri1, Ragini Reddyvari1, Mary 
Anne Amalaradjou1; 1University of Connecticut, Department 
of Animal Science, Storrs, Connecticut, United States. 

In broilers, optimum embryonic growth exerts significant 
effects on post-hatch performance. Further, microbiota 
associated with the egg plays a critical role in seeding the 
growing embryo and hatchling thereby influencing post-
hatch gut microbiome composition and function. Therefore, 
to promote overall performance in broilers, it is critical to 
support embryonic development and initial microbiome 
acquisition. Hence, we evaluated the application of in ovo 
probiotics to promote embryonic growth and support 
microbiome acquisition in the naïve chick gut. In ovo 
probiotic application promotes embryonic growth and 
modulates microbiome acquisition in hatchlings. The 
experiment was set out as a completely randomized study 
with two independent trials. In each trial, eggs were sprayed 
with phosphate buffered saline (control) or Lactobacillus 
paracasei DUP 13076 [LP; ~9 log CFU/egg] on D0, D3, D7, 
D10, D14 and D18 of incubation. Morphometric 
measurements including yolk-free-body-mass (YFBM), yolk 
sac weight and breast weight were measured throughout 
incubation and in the hatchling. Morphometric data were 
analyzed using Wilcoxon test, and p<0.05 was considered 
as significant. In addition, eggshell and intestine samples 
were collected during incubation and from the hatchling for 
microbiome characterization. Data analyses were performed 
within R following DADA2 Pipeline and differentially 
abundant taxa were identified using DESeq2 R package. 
Overall, in ovo probiotic application significantly (p<0.05) 
improved embryonic development and growth. Specifically, 
YFBM and breast weight were consistently heavier in the LP 
group compared to the control. On D20 and D21, YFBM in 

the LP group was 5.86%, and 11.53% heavier than the 
control, respectively. Similarly, LP application significantly 
increased breast muscle weight by 27.11%, 47.30% and 
49.27% on D19, D20 and D21, respectively. In addition, as 
hypothesized, probiotic application significantly modulated 
microbiome acquisition in the growing embryo and hatchling. 
Beta diversity of the hatchling gut (ileum and cecum) 
microbiome in the LP group was significantly different from 
the control (p<0.05). Specifically, in the hatchling gut, over 
ten bacterial genera 
including Bacillus, Enterococcus, Clostridium and Brevibaci
llus were more abundant in the LP group. This is significant 
since members of these genera are shown to play a role in 
nutrient metabolism, nutrient utilization, and overall growth. 
Probiotic application to fertile eggs could be used to promote 
embryonic growth and microbiome acquisition in hatchlings 
thereby supporting subsequent performance in broilers. 

137 Evaluation of feeding male Ross x Ross 708 
broilers diets varying in phytogenic feed additive 
inclusion strategies throughout a 56 d growout. Jorge 
Urrutia*1, Dalton Dennehy2, Li Zhang3, Megan Koppen4, 
Kelley G. Wamsley5; 1Mississippi State University, Poultry 
Science, Mississippi State, Mississippi, United 
States; 2Mississippi State University, Poultry Science, 
Mississippi State, Mississippi, United States; 3Mississippi 
State University, Poultry Science, Mississippi State, 
Mississippi, United States; 4Delacon, Lake Elmo, Minnesota, 
United States; 5Mississippi State University, Mississippi 
State, Mississippi, United States. 

Phytogenic feed additives (PFA), while costly, have 
antimicrobial and antioxidant properties that can improve 
broiler gut health and ultimately performance and processing 
metrics. Strategic inclusion practices may justify PFA 
investment, especially as ingredient costs vary. The current 
objective was to evaluate the impact of feeding male Ross x 
Ross 708 broilers diets varying in PFA (Biostrong 510, 
composed of pungent, bitter substances, essential oils, and 
saponins) inclusion strategies throughout a 56 d grow-out. 
Corn and soybean meal based basal diets were formulated 
to meet or exceed breeder recommendations for each phase 
(0-14, 14-28, 28-42, 42-55 d). From 0-42 d, birds were fed 
either TRT 1 (Basal+No PFA) or TRT 2 (Basal+PFA; 0.015% 
PFA top-dressed at the expense of corn). From 42-56 d, 
birds fed TRT 1 remained on that feed; however, pens of 
TRT 2 birds within a common block were equally and 
randomly assigned TRT 2 (Basal+0.015% PFA top-
dressed), TRT 3 (Basal+No PFA), or TRT 4 (0.15% PFA 
formulated into diet). For TRT 4, the diet was similar in 
ingredient/nutrient composition as the basal, except PFA 
was formulated into the diet accounting for 50% of the 
manufacturer recommendation for nutrient release of AME, 
CP, and digestible AA. This was a randomized complete 
block design using 64 pens (0.074 m2/bird). From 0-42 d, 
TRT 1 had 16 replications and TRT 2 had 48 replications; 
however, from 42-56 d, all 4 TRT had 16 replications/TRT. 
Data were analyzed using ANOVA and means separated 
using Fisher’s LSD at P≤ 0.05. From 0-42 d, a significant 
FCR response was observed (P=0.029) demonstrating that 
birds fed TRT 2 had a lower FCR than those fed TRT 1 by 3 
pts. Overall (0-56 d), no differences were observed for any 
live performance variables (P>0.05), except for d 56 total 
antioxidant capacity (TAC; blood serum; P=0.041). Birds fed 
TRT 3 had a higher TAC (better) vs. TRT 1 and 2, while 
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those fed TRT 4 were similar to all TRT. A trend (P=0.103) 
was observed for 0-55 d BW gain, wherein birds fed TRT 3 
and 4 had numerically higher gain vs. TRT 1 and 2. 
Processing metrics were obtained from 7 birds +/- 100 g of 
the average BW/pen. These data demonstrated that birds 
fed TRT 3 and 4 had a higher carcass and total breast weight 
vs. TRT 1 and 2 (P<0.05). An economic analysis using feed 
intake, ingredient costs/phase/TRT, and common chicken 
part prices based on meat produced/TRT, indicated that 
while TRT 3 diets were the second most costly, they were 
also the most profitable. Additionally, TRT 4 had the highest 
diet cost but was the second most profitable. Future 
research should evaluate differing formulations and 
ingredient pricing to maximize potential profitability for PFA 
inclusion. 

138 Evaluation of Spirulina supplementation on the 
growth performance, intestinal histology, bone breaking 
strength, serum alkaline phosphatase activity in 
coccidia-challenged broiler chickens. Emmanuel O. 
Alagbe*1, Hagen Schulze2, Olayiwola Adeola1; 1Purdue 
University, Animal Sciences, West Lafayette, Indiana, 
United States; 2Livalta, Peterborough, United Kingdom. 

The objective of this study was to investigate the effect of 
Spirulina (SP) on the growth performance, histology, bone 
breaking strength, and serum alkaline phosphatase activity 
in coccidia-challenged broiler chickens. On d 1 post 
hatching, broiler chickens were assigned to 2 diets 
supplemented with SP at 0 or 5 g/kg in a randomized 
complete block design. The experiment lasted from d 1 to 26 
post hatching. The birds were pooled within each diet (0 or 
5 g/kg SP) to equalize the average BW and divided into 2 
challenge groups (coccidia challenge or no-challenge) within 
each dietary SP, from d 14 to 26 post hatching. This resulted 
in a 2 × 2 factorial arrangement of treatments with 2 levels 
each of SP and challenge, 8 replicate cages of 10 birds per 
cage. On d 15 post hatching, the birds in the coccidia 
challenge (CC) group were orally gavaged with 1 mL solution 
containing 25,000, 25,000, and 125,000 oocysts of E. 
maxima, E. tenella, and E. acervulina, respectively, while 
the birds in the no-challenge group had a sham PBS gavage. 
Data were analyzed using the MIXED procedure of SAS. On 
d 21 post hatching, birds were weighed, and the two median 
birds per cage were euthanized for sample collection. On d 
26 post hatching, all birds were weighed and euthanized, 
and samples were collected. There was a tendency 
(interaction; P = 0.059) for SP supplementation to restore 
the BW gain of CC birds to that of non-challenged birds 
without SP, from d 21 to 26. Regardless of coccidia 
challenge, dietary SP supplementation improved (P < 0.05) 
the BW, BW gain and G:F of birds from d 14 to 21. 
Additionally, from d 21 to 26, SP enhanced (P < 0.05) the 
BW and showed a tendency (P = 0.06) to improve G:F of 
broiler chickens. There was no effect of SP supplementation 
on ileal histology; however, the CC significantly increased 
(P < 0.05) crypt depth and decreased (P < 0.05) villus height 
to crypt depth ratio on d 21 and 26. Bone breaking strength 
decreased (P < 0.05) with CC but not with SP 
supplementation on d 21 and 26. The coccidia challenge 
reduced (P < 0.05) serum alkaline phosphatase activity on d 
21. Excreta oocyst count was significantly reduced (P < 
0.05) with SP supplementation on d 26 but not on d 21. In 
summary, dietary Spirulina improved the growth 
performance of birds irrespective of their challenge state and 

tended to restore BW gain on day 26 in coccidia-challenged 
birds; dietary Spirulina also mitigated intestinal oocyst 
multiplication. 

139 Exploring the modulatory effects of brown 
seaweed on the gut microbiota and morphology of 
broiler chickens challenged with heat stress. Fisayo 
Oretomiloye*1, Deborah I. Adewole2; 1Dalhousie University, 
Animal Science and Aquaculture, Valley, Nova Scotia, 
Canada; 2Dalhousie University, Animal Science and 
Aquaculture, Truro, Nova Scotia, Canada. 

Brown seaweed (Ascophyllum nodosum) is known for its 
prebiotic roles and can improve animal intestinal health by 
enhancing the growth of beneficial microbes and inhibiting 
pathogenic ones. However, the gut health-modulatory roles 
of brown seaweed on chickens challenged with heat stress 
(HS) are rarely studied. The current study examined the 
effects of brown seaweed meal (SWM) and extract (SWE) 
on the ceca microbiota and gut morphology of chickens 
challenged or unchallenged with HS. 336 one-day-old Ross 
308 broiler chicks were randomly assigned to either a 
thermoneutral (TN; 24 ± 1oC); or HS room (HS; 32-34oC, 8 
hr./day from day 21 to 27). All birds in each room were 
randomly allotted to four dietary treatments – control (CON), 
CON + 1 ml/L seaweed extract (SWE) in drinking water, 
CON + 2 ml/L SWE in drinking water, and CON + 2% 
seaweed meal (SWM) in feed. Each treatment was assigned 
to six replicate cages with seven birds/replicate. On d 14 and 
28, one and two birds per cage were euthanized, 
respectively, to collect the ceca content for gut microbiota 
analysis. Intestinal tissues (duodenum, jejunum and ileum) 
were collected and fixed for morphological examination. The 
cecal microbiota proportions and intestinal morphological 
dataset were subjected to ANOVA using GLM of Minitab LLC 
(2019) software. On day 14, 2% SWM increased (P=0.047) 
the relative abundance of Faecalibacterium in the ceca and 
duodenal villus width (VW) compared to the NC. All brown 
seaweed treatments improved jejunal villus height (VH) and 
VH:CD compared to the control diet. On day 28, HS 
significantly reduced (P<0.05) the relative abundance 
of Firmicutes and Actinobacteria, ileal VH, VW, VH:CD, and 
duodenal VH, VH:CD. Among the HS group, 2% SWM and 
2 ml SWE significantly increased (P<0.05) the relative 
abundance of Lactobacillus, Sellimonas, 
and Fournierella compared to the NC diet. Among the HS 
group, birds fed with 2% SWM had higher ileal VH, VH:CD 
compared with other dietary treatments. Conclusively, 
dietary supplementation of 2% SWM ameliorated heat 
stress-induced intestinal impairment by promoting the 
abundance of beneficial microbes and improving gut 
morphology in broiler chickens. Our results imply that 2% 
SWM can enhance nutrient absorption and improve the gut 
health of heat-stressed chickens. 

140 Dietary Turmeric Powder Supplementation 
significantly affects serum antioxidant activity, 
oxidative stability, and physicochemical traits of eggs in 
laying hens. Paul Worlanyo Adanu*1, Mark Toth1, Márta 
Erdélyi1, Zsolt Ancsin1, Kristian Milan Balogh1, Miklos 
Mezes1; 1Hungarian University of Agriculture and Life 
Science (Former, Szent Istvan University), Hungary, 
Doctoral School of Animal Sciences, Budapest, Hungary. 
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The poultry industry globally is confronted with many 
challenges, including the high cost of animal feed. Feeding 
is arguably the most effective means of controlling the cost 
of production and product quality. This research aimed to 
investigate the effects of dietary turmeric powder 
supplementation (TP) on the antioxidant status of laying 
hens, the oxidative stability of eggs, the laying performance, 
and the most important physicochemical traits of eggs. One 
hundred 40-week-old Hyline brown layers were randomly 
grouped into four treatments of twenty-five birds per 
treatment in deep litter housing. Dietary Turmeric Powder 
used for the experiment contained 2.5% curcumin. The first 
group (TP0) was the control with no treatment. The 
remaining groups had 0.10% (TP0.1), 0.25% (TP0.25), and 
0.50% (TP0.50) turmeric powder supplementation. This 
investigation was carried out in 21 days. The experiment was 
conducted at the poultry science research farm of the 
Doctoral School of Animal Sciences, Hungarian University of 
Agriculture and Life Science. Live weight gain or loss was 
calculated from the weight measured at the beginning and at 
the end of the experiment. Daily egg numbers were recorded 
and 20 eggs per treatment on days 1, 3, 7, 14, 18, and 21 
were collected for measurement of defined parameters. Six 

blood samples (3ml) from each group were taken from the 
vena axillary on days 1, 3, 14, and 21 for measurement of 
antioxidant status. The oxidative stability in the yolk was 
measured for eggs laid on days 1, 7, 14, and 21. The data 
was subjected to an analysis of variance in a completely 
randomized design using Kruskal-Wallis program with a 
significant level of p≤0.05. The results of this inquiry showed 
that dietary turmeric powder supplementation improved egg 
production and egg mass significantly. Treatment with 
0.50% TP recorded the highest egg weight value and egg 
mass, but with no significant difference in body weight, 
eggshell strength, thickness, and Haugh unit across the 
groups. The study also showed that Blood serum and 
oxidative stability were significantly affected in the groups 
fed with TP at different levels of supplementation. The 
Supplementation of turmeric powder at different levels 
improved egg production, egg weight, mass, and egg yolk 
colour. The improved antioxidant effect enhanced the 
defense system of the birds leading to improved production. 
The increase in oxidative stability will improve the shelf-life 
of eggs. 
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Student Competition: Microbiology and Food Safety II

141 Evaluation of egg carton type 
on Salmonella survival and cross contamination. 
Matthew Hughes*1, Abigail McConnell1, Montana Riggs1, 
Madalyn Jennings1, Juan Figueroa1, Marco A. Reina 
Antillon2, Dianna Bourassa1; 1Auburn University, Poultry 
Science, Auburn, Alabama, United States; 2Auburn 
University, Poultry Science, Auburn, Alabama, United 
States. 

With the increase in backyard flock owners in recent years, 
there has been an increase in the reuse of egg cartons. With 
carton reuse, Salmonella could survive on eggshells and 
packaging materials leading to cross contamination. This 
study was aimed to evaluate plastic, polystyrene foam, and 
pulp carton types on the transfer of Salmonella Enteritis (SE) 
from the egg to the carton and whether SE can transfer from 
the carton to a new set of eggs. Unwashed eggs were 
obtained from a commercial layer facility and refrigerated at 
4°C until the start of the trial. Eggs were inoculated with 
106 CFU of SE and placed into two cartons of each of the 
three carton types: plastic, polystyrene foam, and pulp. All 
cartons were refrigerated at 4°C for 7 days. At day 7, one 
carton of each type was sampled. The eggs in the other 
carton were replaced with new unwashed noninoculated 
eggs and were refrigerated at 4°C for an additional 7 days 
before sampling. Carton samples were taken by aseptically 
cutting out each carton egg well and placing each into a 
sterile bag. Egg and carton samples were rinsed with 
buffered peptone water and then rinsates plated on Aerobic 
Plate Count (APC) petriflim and XLT4 plates 
for Salmonella evaluation. Bacterial counts were log 
transformed and statistical analysis was performed in SAS 
using ANOVA for bacterial counts or Chi-Square for 
enrichments with statistical differences at P≤0.05. When 
comparing APC at day 0, day 7, and day 14, there were no 
differences between carton types at day 0 (0.33 
log10 CFU/mL) or day 7 (1.64 log10 CFU/mL). However, at 
day 14, plastic had the lowest APC (1.42 log10 CFU/mL) 
compared to pulp and foam (2.05 and 1.94 log10 CFU/mL, 
respectively, P=0.0021). Although SE was enumerated, 
counts were not detected on any carton wells at any 
timepoint. SE counts were detected on the inoculated eggs 
at day 7 (1.32 log10 CFU/mL). At day 7 following 
enrichments, both pulp (58%) and foam (75%) carton wells 
had a higher prevalence of SE than plastic wells (0%, 
P=0.0005). At day 14, pulp carton wells had a higher 
prevalence of SE (50%) than foam (8%) and plastic wells 
(0%, P=0.0041). At day 14, Salmonella did not transfer from 
the carton wells to the eggs. These results show that SE can 
transfer to a carton from an inoculated egg for pulp and foam 
carton types. However, SE did not transfer from the carton 
to a new set of eggs. These results demonstrate that pulp 
and foam cartons may be of greater concern if reused. 

142 Hatching egg sanitation using probiotics to 
control Salmonella Enteritidis. Veera Venkata Praveen 
Raja Kosuri*1, Sulthana Humayoon Muttathukonam1, Ragini 
Reddyvari1, Mairui Gao1, Yuying Ren1, Mary Anne 
Amalaradjou1; 1University of Connecticut, Department of 
Animal Science, Storrs, Connecticut, United States. 

Poultry and eggs have been implicated in multiple instances 
of foodborne salmonellosis in the US. Contaminated fertile 

eggs serve as a route for Salmonella Enteritidis (SE) 
transmission from infected birds. SE contamination in fertile 
layer eggs can result in SE-positive chicks at hatch. 
Therefore, controlling SE in fertile eggs can prevent 
subsequent contamination in hatchlings & grow out pullets. 
Chemical disinfection of egg surface is common but 
ineffective against internalized pathogens. As a natural & 
organic-friendly alternative, probiotics were evaluated for 
sanitizing hatching eggs to reduce SE in the eggs & growing 
embryos. We hypothesized that the probiotic application on 
hatching eggs will control SE in the embryo, thereby 
reducing SE positivity in hatchlings. Fertile white leghorn 
eggs (n=555) inoculated with a five-strain mix of SE (~7 log 
CFU/egg) were subjected to different spray treatments 
including PBS (Control), Lactobacillus rhamnosus NRRL-B-
442 (LR; ~8 log CFU/egg), Lactobacillus paracasei DUP 
13076 (LP; ~8 log CFU/egg) & peracetic acid (PAA; 0.4%). 
On day 10, eggs were reinoculated with SE to simulate 
potential contamination scenario in the hatchery. The eggs 
were incubated in a hovabator for 18 days & sampled at 
regular intervals. At each sampling time, surviving SE & 
probiotic populations on the egg surface, inner shell 
membrane & internal contents were enumerated. The 
experiments were set out as a completely randomized 
design with two independent trials. Data was analyzed using 
SAS studio 3.81 & p<0.05 was considered significant. LR, 
LP & PAA spray treatments significantly reduced SE 
populations on the egg surface throughout incubation 
compared to control (p<0.05). On day 18, treated samples 
were negative for SE by enrichment while ~2.5 log CFU of 
SE was recovered from the control eggs. Although PAA was 
effective in surface decontamination, trans-shell migration of 
SE was significantly higher in this group compared to LR and 
LP. SE counts on the inner shell membrane on day 18 were 
~4.5 and 3 log CFU/egg in control & PAA, respectively, while 
below detection limits in LR and LP. In addition, sampling of 
internal contents including embryos revealed < 20% SE 
positivity in LR & LP group when compared to 60-70 % 
positivity in the PAA & control samples. These results 
demonstrate that probiotic application not only reduced 
surface contamination but also reduced trans-shell migration 
of SE. Hence, probiotic spray application could be used as a 
potential egg sanitation intervention to reduce SE 
contamination in hatching eggs & growing embryos. 

143 Determining the potential of cecal colonization 
and liver invasion of antibiotic 
resistant Salmonella enterica Infantis in commercial 
broiler chicks. Dhananjai Muringattu Prabhakaran*1, 
Muhammad Bilal Islam1, Claire Peichel2, Grace Dewi3, 
Shijinaraj Manjankattil4, Anup Kollanoor Johny5; 1University 
of Minnesota, Twin cities, Animal Science, St. Paul, 
Minnesota, United States; 2University of Minnesota, Animal 
Science, St. Paul, Minnesota, United States; 3University of 
Minnesota, St. Paul, Minnesota, United States; 4University 
of Minnesota, Animal Science, St. Paul, Minnesota, United 
States; 5University of Minnesota, Animal Science, St. Paul, 
Minnesota, United States. 

Salmonella Infantis is among the top ten serotypes 
of Salmonella associated with foodborne outbreaks in the 
US and has emerged as a problematic serotype in poultry 
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production, causing foodborne outbreaks. Developing 
pathogen challenge models for evaluating appropriate 
antibacterial interventions in poultry is required. Since 
poultry challenge models are expensive to develop, in vitro 
studies are warranted to select ideal candidate strains for 
use in vivo studies. After preliminary studies with multiple 
strains (sensitive and drug-resistant strains) in broth assays, 
we validated the growth potential of two drug-resistant 
strains of S. Infantis alone (AR0923 – resistant to 8 
antibiotics; AR0919 – resistant to 11 antibiotics) and in 
combination in cecal contents in vitro. Ten mL of cecal 
contents were inoculated with both strains separately and in 
combination at 10^5 CFU/mL and incubated for 24 hours at 
42oC. After incubation, broth dilution assays were 
performed. S. Infantis populations were enumerated on days 
0, 3, and 7. Three replicates per treatment were used in an 
experiment and the experiment was repeated two times. To 
follow, we developed a 48-hour challenge model in 
commercial broiler chicks to determine the potential for cecal 
colonization and liver invasion of the two strains, 
independently or in combination. Seven birds per treatment 
(4 treatments: No challenge control; AR0923 challenge; 
AR0919 challenge, AR0923+AR0919 challenge) were 
included and the study repeated two times (n=14 
birds/treatment). Each bird was challenged with a respective 
strain at arrival with an inoculum of ~5log10CFU/bird. They 
were euthanized after 48 hours for sample collection. Data 
were analyzed using PROC-MIXED procedure of SAS 
(P<0.05). Although the combination group exhibited 
significantly increased growth over 24 hours in the cecal 
contents, compared to AR0923, all strains and their 
combinations remained at 8.5 log10 CFU/ml on days 3 and 
7. Similarly, in the in vivo experiments, no significant 
difference in colonization was observed between the strains 
after 48 hours of challenge. AR0923 disseminated to 78.5% 
of the liver samples whereas AR0919 and the combination 
disseminated to 42.8% of livers, suggesting AR0923 could 
be more invasive in broiler chicks than AR0919. Results 
indicate that the experiments in cecal contents could yield 
similar results as with the 48-hour in vivo broiler challenge 
model, since no differences in the colonization ability of 
either strains or their combination were observed in both 
models. Studies in adult birds are underway to determine if 
the strains resulted in differences in cecal colonization and 
dissemination to livers (USDA NIFA FSD #2020-67017-
30787; MnDRIVE GFV Fellowship) 

144 Quantification of Salmonella Infantis transfer 
from transport drawer flooring to broiler chickens 
during different lairage times. Marco A. Reina Antillon*2, 
Abigail McConnell1, Juan Figueroa1, Montana Riggs1, 
Madalyn Jennings1, Fanny Contreras1, Matthew Hughes1, 
Jeff Buhr3, Dianna Bourassa1; 1Auburn University, Poultry 
Science, Auburn, Alabama, United States; 2Auburn 
University, Poultry Science, Auburn, Alabama, United 
States; 3USDA-ARS, US National Poultry Research Center, 
Athens, Georgia, United States. 

Transportation is a potential point of cross contamination 
between broiler flocks. The objective of this study was to 
quantify the transfer of Salmonella from transport drawer 
perforated flooring to broiler chickens during different lairage 
times. Perforated plastic transport drawers (1.20x1.27x0.23 
m) and their corresponding metal modules typical for 
controlled atmosphere stunning systems were used for this 

study. The internal area of each drawer was reduced to 
approximately 1 m2 to accommodate only 15 birds. Then the 
available area was inoculated with 100 g of 7 log10CFU/g 
of Salmonella Infantis fecal content slurry and held at room 
temperature (21°C) for 1 h prior to three different cleaning 
treatments. Treatments were pressure washing combined 
with a commercial disinfectant (A), pressurized steam 
followed by forced hot air (B), and no cleaning (C). The 3 
drawers per treatment were classified as top, middle, or 
bottom as their position in module. Then the birds were 
introduced and held for 2, 4, or 6 h. At each timepoint, 5 birds 
were removed from each drawer, euthanized, carcasses 
rinsed, and counts of Salmonella were obtained from the 
rinsates. Negative samples were enriched and later 
confirmed positive or negative. After two repetitions of the 
trial, counts were log transformed and the effects of 
treatment, time, and drawer position were analyzed by 
ANOVA with Tukeys HSD for mean separation. Significant 
differences were found among treatments, times, and 
drawer positions (P<0.0001). For the treatments, all were 
significantly different where C showed the highest transfer 
(2.47±0.06 log10CFU/mL), followed by A (1.72±0.08 
log10 CFU/mL), and then B (1.32±0.09 log10 CFU/mL). For 
time, the highest transfer was at 2 h, followed by 4 h, and 
then by 6 h (2.09±0.09, 1.90±0.10, 1.51±0.08 log10 CFU/mL 
respectively). For drawer position, the top drawers showed 
the least amount of transfer, followed by the middle drawers, 
and then by the bottom drawers (2.17±0.06, 1.93±0.08, 
1.41±0.11 log10 CFU/mL, respectively). Despite obtaining 
lower transfer counts from the application of pressure 
washing combined with a commercial disinfectant (A) and 
pressurized steam followed by forced hot air (B) when 
compared to non-cleaning (C), most carcasses were positive 
for Salmonella. Cleaning and disinfecting transport drawers 
with the evaluated methods reduced but did not eliminate the 
transfer of Salmonella to subsequent birds. As 99.6% of 
birds were contaminated after being introduced into the 
drawers, this study evidence that transport cages and 
drawers are a critical point of cross-contamination during 
transportation and lairage, and new procedures need to be 
considered to efficiently control this step of the process. 

145 Protocol development for understanding poultry 
chilling antimicrobial efficacy in various conditions. 
Stephen Casarella*1, Stephanie Richter1, Daniel 
Sabo2; 1GTRI,Atlanta, Georgia, United States; 2Georgia 
Tech Research Institute, Atlanta, Georgia, United States. 

To understand the optimal antimicrobial and chemical 
conditions for the best pathogen reductions, a standard 
protocol for product inoculation and pathogen recovery must 
be developed. The protocol must provide understanding of 
bacterial reduction from control groups and highlight 
differences in test conditions. This abstract details the 
projects selection of Salmonella strain 
and Salmonella recovery method. The first decision used 
two nalidixic-acid (NA) resistant marker strain 
of Salmonella: Typhmurium (ST) and Enteritis (SE). We 
examined advantages/disadvantages of two recovery 
methods; stomaching in paddle mixer or hand-shaking 
between the two strains. The day before testing, two 
overnight transfer vials of each strain were prepared. 100 µL 
of thawed stock was added to 40 mL tryptic soy broth 
containing 100 ppm NA. Wing parts were brought to room 
temperature, challenged in a PBS solution for 10 seconds 
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(half in ST at 107 and half in SE at 104), drained on a drying 
rack for 2 mins, covered and incubated at 37 C for 60 
minutes to allow for surface attachment (stock 
concentrations differ due to the growth rate differences over 
transfer time). After the 60 mins, each sample was 
individually placed in a plastic bag containing 50 mL 
neutralizing buffered peptone water (nBPW). The bags were 
agitated for 60 secs by either hand shaking or stomaching. 
Each sample had three dilutions, each dilution plated on 
aerobic count Petriflim® in duplicate, totaling 6 
plates/sample. Plates were incubated at 37 C 24 hours for 
ST and 48 hours for SE. Plate were counted using a colony 
doc-it imaging station with same ID template for each plate. 
Plates best fitting counting range of 10-150 cfu/mL were 
selected from the dilutions per sample. Counts were 
averaged and dilution factor was included in final counts. 
The results for ST and SE recovery was averaged from six 
samples per group (24 total), statistical analysis used one-
way ANOVA with Tukey’s HSD. Average Salmonella: ST 
stomach 5.733 log10 cfu/ml, ST shake 5.614 log10 cfu/ml, 
SE stomach 2.882 log10 cfu/ml, SE shake 2.093 log10 
cfu/ml, Tukey HSD p-value 0.420. The p-values indicate no 
difference between the two recovery methods. Stomaching, 
while eliminating human error, suffers from many wing 
bones piercing the bags. Hand shaking bags 
for Salmonella recovery was applied for all further 
tests. Salmonella Typhmurium was selected as the strain 
due to faster growth times for both overnight transfers and 
higher plate counts. This research helped define a test 
protocol for our larger study testing the impact of peracetic 
acid at various pHs for Salmonella reduction during chilling. 

146 Isolation and classification of bacteriophage 
sourced from poultry associated samples. Juan 
Figueroa*1, Steve Kitchens2, Stuart Price2, Jeff Buhr3, 
Dianna Bourassa1; 1Auburn University, Poultry Science, 
Auburn, Alabama, United States; 2Auburn University, 
Pathobiology, Auburn, Alabama, United States; 3USDA-
ARS, US National Poultry Research Center, Athens, 
Georgia, United States. 

Salmonella spp. are commonly associated with poultry and 
is one of the bacteria responsible for numerous cases of 
foodborne illness. Due to the continued need for the 
reduction of pathogens on poultry products, there is a 
growing interest in alternative treatments. Bacteriophages 
(phages) stand out as a promising alternative antimicrobial 
agents with high efficiency for the food industry, including 
poultry. The objective of this study was to isolate and 
classify Salmonella Infantis-targeted bacteriophages from a 
range of poultry associated samples. A total of 14 samples 
were collected from various points of the poultry production 
and processing chain, including housing (litter), processing 
facility (scalder water, dissolved air flotation (DAF) water, 
DAF fat, and carcass/parts rinsing), and broiler 
gastrointestinal tract (ceca). Two sets of each sample were 
directly utilized (liquid samples) or suspended in buffered 
peptone water (solid samples). One set was seeded with 100 
ml of S. Infantis inoculum (OD600= 1.0) per 40 mL sample 
and the other was not inoculated. Both sets were incubated 
at 37°C for 24 h. These were centrifuged and filtered to 
separate the supernatant from debris and bacteria. 
Supernatants were spotted on S. Infantis to identify 
presumed bacteriophage lysis. Single plaque propagation 
was performed on potential phage-containing samples to 

classify plaques. Plaque clearance and size were 
categorized and evaluated. Statistical analysis was 
performed in SAS using the Kruskal-Wallis Test to analyze 
the comparison of classification aspects among diverse 
samples. Significance was determined at P≤0.05 and a 
tendency was determined at P≤0.10. Phage were isolated 
from all scalder water (3/3), DAF water (3/3), and ceca (1/1) 
samples, half of the litter (1/2) and DAF fat (1/2) samples, 
and none of the carcass/parts rinse (0/3) samples. A 
tendency was observed in the clearance of plaques obtained 
from single plaque propagation, where scalder water 
samples tended to have clearer plaques compared to other 
samples (P=0.0963). However, when plaques were present, 
there was no significant difference among samples when it 
came to the size of plaques. The results of this study suggest 
that bacteriophage that target Salmonellamay be isolated 
from multiple different poultry sourced environments for 
future application. Both characterization of phage isolated 
from various points of the poultry production and processing 
chain and potential efficiency of these phage as an 
antimicrobial agent in poultry should be further evaluated. 

147 In-water supplementation of Trans-
cinnamaldehyde nanoemulsion reduces colonization 
of Salmonella Enteritidis in broiler chickens. 
Trushenkumar M. Shah*1, Chetna T. Shah1, Chen Zhu1, Atul 
Walunj1, Jodie T. Allen1, Brindhalakshmi Balasubramanian1, 
Ana l. Rodrigues1, Kimberly Rankin1, Neha Mishra2, Indu 
Upadhyaya3, Kumar Venkitanarayanan1, Abhinav 
Upadhyay1; 1University of Connecticut, Animal science, 
Storrs, Connecticut, United States; 2University of 
Connecticut, Pathobiology, Storrs, Connecticut, United 
States; 3University of Connecticut, Extension, Windsor, 
Connecticut, United States. 

Salmonella Enteritidis (SE) is a foodborne pathogen of 
global concern that causes severe diarrhea in humans. 
Chickens act as a reservoir host for SE, wherein the 
pathogen colonizes the ceca leading to carcass 
contamination during slaughter and subsequent human 
infections. Several multi-drug resistant SE strains have been 
isolated from poultry and poultry products fuelling the 
research for developing antibiotic alternatives for controlling 
SE in chickens. Trans-cinnamaldehyde (TC) is a Generally 
Recognized as Safe status phytochemical that exerts 
significant anti-Salmonella efficacy in chickens. However, 
the challenge working with TC oil is its low solubility in water. 
To overcome this challenge and enhance dispersion of 
hydrophobic TC oil in water, TC nanoemulsions (TCNE) 
were prepared with food grade Gum Arabic and lecithin 
emulsifiers. Thereafter, the efficacy of in-water 
supplementation of TCNE in reducing SE cecal colonization 
in 28-day-old broiler chickens was studied. 
In two separate trials, 192 day of hatch broiler chickens 
(Cornish cross; 16 birds/treatment/trial) were purchased and 
randomly allocated to 12 groups. The groups were Control, 
emulsifier control, TC 0.03, TC 0.06, TCNE 0.03, TCNE 0.06 
for challenge (to be infected with SE) and non-challenge (no 
infection), respectively. Starting day 8 (after 7 days of 
acclimatization), birds in groups TC 0.03, 0.06 and TCNE 
0.03, 0.06 were supplemented with TC oil and 
nanoemulsion, respectively, in drinking water till day 28. On 
day 14, the birds in the challenge groups were inoculated 
with a four-strain cocktail of SE (approximately 9 log 
CFU/bird) by oral gavage. On day 21 and 28, 8 birds from 
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each group were sacrificed followed by SE enumeration in 
cecal contents and liver tissue. In addition, cecal contents 
and tissue were stored for microbiome analysis and 
histopathology analysis. Weekly body weight gain, feed and 
water intake was measured. Data were analysed using one 
way ANOVA. Differences between the means were 
considered significantly different at P<0.05. 
TCNE had a size of ~ 100 nm, PDI of <0.3 and Zeta potential 
of -30 mV. Administration of TC nanoemulsion in drinking 
water at 0.03 and 0.06 % reduced SE colonization by ~ 2 
logs CFU/g of cecal content in both trial 1 and trial 2 as 
compared to respective controls (P<0.05). No reduction in 
feed consumption, water intake or body weight gain was 
observed in any treatment groups as compared to controls 
(P>0.05). Results suggest that TC nanoemulsion could 
potentially be used to control SE colonization in broiler 
chickens. Follow up analysis on the effect of treatments on 
gut histopathology and cecal microbiome is currently 
underway. 

148 Effect of continuous exposure to Trans-
cinnamaldehyde on induction of resistance 
in Salmonella Enteritidis. Jodie T. Allen*1, Brindhalakshmi 
Balasubramanian1, Trushenkumar Shah Sr1, Abhinav 
Upadhyay1; 1University of Connecticut, Animal Science, 
Storrs, Connecticut, United States. 

Antibiotic-resistant Salmonella has been associated with 
numerous outbreaks in the U.S. and is a significant concern 
in poultry production. Generally Recognized as Safe status 
phytochemical Trans-cinnamaldehyde (TC) has been 
extensively researched in the past two decades as a 
potential antibiotic alternative for the poultry industry. 
However, whether exposure to TC leads to resistance 
development in S. Enteritidis (SE) has not been explored. 
This study investigated the effect of continuous exposure 
of S. Enteritidis to sub-inhibitory concentration (SIC) of TC at 
37°C for 20 days. In addition, the effect of SIC of TC on 
expression of antimicrobial genes critical for resistance 
development in SE was investigated. Poultry-derived 
isolates, S. Enteritidis 12 and 28 were cultured in presence 
or absence (control) of SIC (1/3 MIC of minimum inhibitory 
concentration) of TC, ampicillin (AMP), ciprofloxacin (CIP) 
and nalidixic acid (NA) in sterile TSB at 37°C for 24 h. After 
24 h, the S. Enteritidis strains were sub-cultured by adding 
50 μL of overnight growth strain to 10 mL fresh TSB, followed 
by incubation under the same conditions. The process was 
repeated for 20 days. The MIC of TC was estimated on days 
0, 5, 10, 15 and 20 to determine MIC shifts against SE 12 
and SE 28. On day 0 and 20, RNA was extracted from TC 
and AMP exposed samples of SE 12, followed by cDNA 
synthesis, and RT-qPCR analysis. All experiments had 
triplicate samples, repeated thrice, and analyzed using one-
way ANOVA at p<0.05. 
Results revealed that subculturing with SIC of TC for 20 days 
did not result in MIC increase in SE 12 and 28 as compared 
to control (P>0.05). However, S. Enteritidis 12 and 28 
exposed to SICs of AMP, CIP, and NA increased MIC by 5th 
day of passage (P<0.05). For SE 12 strain, the MIC 
increased by 5, 7 and 15-fold on 20th day when exposed to 
NA, AMP and CIP respectively, as compared to control 
(P<0.05). For SE 28 strain, the MIC increased by 3-fold on 
20th day when exposed to all antibiotics as compared to 
control (P<0.05). Gene expression results revealed that TC 
downregulated antimicrobial resistance genes when 

exposed to the compound for 24h (day 0) as compared to 
control (P<0.05). By 20th day, TC downregulated genes that 
play a key role in DNA replication processes (gyrA and parE) 
as compared to AMP, in which these genes were 
significantly upregulated (P<0.05). In addition, AMP resulted 
in a 1-to-2-fold increase in the expression of acrA, mdtK as 
compared control (P<0.05). Results suggest that exposure 
to SIC concentration of TC does not induce resistance 
in S. Enteritidis. However, further investigation exploring the 
effect of extended exposures (>20 days), dose, or strain 
variability is warranted. 

149 Assessment of Salmonella and Campylobacter 
among various stages of No-Antibiotics-Ever (NAE) 
commercial broiler complex. Yagya Adhikari*1, Matthew 
A. Bailey1, James Krehling1, Kaicie S. Chasteen1, Luis R. 
Munoz1, Cesar Escobar Lobo1, Leticia A. Orellana Galindo1, 
Pankaj Gaonkar2, Steve Kitchens2, Stuart Price2, Dianna 
Bourassa3, R. J. Buhr4, Ken Macklin5; 1Auburn University, 
Poultry Science, Auburn, Alabama, United States; 2Auburn 
University, Department of Pathobiology, Auburn, Alabama, 
United States; 3Auburn University, Poultry Science, Auburn, 
Alabama, United States; 4USDA ARS, PMSP, Athens, 
Georgia, United States; 5Mississippi State University, 
Department of Poultry Science, Starkville, Mississippi, 
United States. 

Salmonella and Campylobacter continue to be the leading 
causes of foodborne infections in the United States and have 
a huge economic impact in the poultry industry. With the aim 
to isolate these pathogens, and to determine potential risk 
factors among various stages of commercial broiler 
complex, a total of 840 samples for Salmonella, and 531 
samples for Campylobacter were collected from inside and 
outside the farmhouses and company support facilities. 2 
pullet farms, 4 breeder farms, a hatchery, 9 broiler farms, 
transport and a processing plant were selected and sampled 
from a No-Antibiotics-Ever (NAE) complex. All the samples 
were analyzed with a 3M-Molecular Detection System 
(MDS) for rapid screening, and suspect positive samples 
were further processed for confirmation of results and 
identification. From pullet farms, 5 MDS Salmonella positive 
and 6 MDS Campylobacter positive samples were identified. 
Among these, one sample 
for Salmonella and Campylobacter tested culture positive. 
From breeder farms, there were 57 
MDS Campylobacter positive samples, 7 of which tested 
positive on culture; none of the samples tested positive 
for Salmonella with MDS. Broiler farms had 13 MDS positive 
samples for both Salmonella and Campylobacter. Among 
these, 7 and 2 samples tested culture positive 
for Salmonella and Campylobacter respectively. The 
hatchery had 17 MDS Salmonella positive and 2 
MDS Campylobacter positive samples. From these, 5 
samples tested culture positive for Salmonella while none 
tested culture positive for Campylobacter. Finally, from 
processing plant, 3 and 11 samples 
for Salmonella and Campylobacter respectively tested 
positive with MDS and culture. Salmonella serotypes 
identified were rough_O:r:1,5 from a pullet farm and 
serotypes S. Barranquilla, S. Kentucky, S. Liverpool and S. 
Luciana were identified from broiler farms, transport and 
processing plant. Similarly, serotypes S. Enteritidis 
and S. Typhimurium were identified from hatchery. Based 
on MDS results, odds ratios were calculated for various 
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stages of production and sample types using one-way 
ANOVA. There was a significantly higher chance (P<0.05) 
of occurrence of Campylobacter in breeder and processing 
plant samples. Boot swabs, swabs, carcass rinses, and soil 
samples were significant (P<0.05) for 
detecting Campylobacter among 11 different sample types. 
However, both stages and sample types were not useful for 
predicting Salmonella (P>0.05). The results indicate that 
both the inside and outside environments of farms and 
facilities have risk factors that may lead to foodborne 
pathogen entry into the poultry production chain at various 
points. Future analysis of sequence data will help to 
elucidate transmission between production stages. 

150 Association of Campylobacter from bile with 
cecal counts, gall bladder size, and bile color. Abigail 
McConnell*1, Madalyn Jennings1, Matthew Hughes1, Juan 
Figueroa1, Marco A. Reina Antillon2, Jeff Buhr3, Dianna 
Bourassa1; 1Auburn University, Poultry Science, Auburn, 
Alabama, United States; 2Auburn University, Poultry 
Science, Auburn, Alabama, United States; 3USDA-ARS, US 
National Poultry Research Center, Athens, Georgia, United 
States. 

Campylobacter is one of the top foodborne pathogens 
associated with poultry products. When birds are withdrawn 
from feed, research has shown that the gall bladder 
increases in size with the length of time the birds are off feed. 
This poses a risk for rupture during processing, and it has 
been suggested that leakage of bile may contribute 
to Campylobactercontamination. However, information on 
the potential contamination of Campylobacter from bile is 
lacking. This study sought to determine 
if Campylobacter can be isolated from bile in the gall bladder 
of broilers and if the level of Campylobacter present in ceca, 
the size of the gall bladder, or color of the bile is indicative 
of Campylobacter positive bile samples. Gall bladders and 
the corresponding paired ceca were collected from the 
evisceration line of commercial processing plant on three 
different days (feed withdrawn and from different flocks). For 
each of 3 repetitions, n=10 gall bladder/ceca pairs were 
collected for a total of 30 gall bladder and 30 ceca samples. 
Bile was extracted using a sterile needle and syringe and the 
cecal contents were extracted using manual expression. 
One gram of the ceca contents from each sample was added 
to 9 mL of phosphate buffered saline, vortexed, and diluted. 
Bile and cecal contents were plated for enumeration on 
Campy Cefex agar and allowed to incubate for 48 hours at 
42oC in a microaerobic atmosphere. Bile samples were 
enriched with one part bile and one part 3M Campylobacter 
enrichment broth and then incubated. After incubation, the 
samples were confirmed positive or negative using the 3M 
Molecular Detection Assay. The relationship between 
ceca Campylobacter counts and positive bile samples were 
analyzed using Student’s t-test and gall bladder size (mm2) 
were analyzed with the ANOVA procedure of SAS. 
Statistical significance was considered at P ≤ 0.05. There 
was no significant association between positive bile samples 
and cecal Campylobacter counts (P=0.3532) or between the 
size of the gall bladder and positive bile samples (P=0.3598). 
Through visual observation it appeared that there was a 
color difference between the positive and negative bile 
samples, most discernible after 48 hours of incubation in 
3M Campylobacter enrichment broth with positive samples 
having a more yellow appearance. These data indicate that 

the likelihood of bile being positive for Campylobacter may 
not be related to levels of Campylobacter in the ceca or size 
of the gall bladder, however bile color may be indicative of 
the presence of Campylobacter, particularly following 
enrichment. The suggestion that leakage of bile has a 
significant impact on carcass Campylobacter contamination 
does not appear to be valid. 

151 Recovery of Campylobacter injected into 
hatching eggs that are cold-stored and incubated 
through day 18 of incubation. Caitlin Harris*12, L. N. 
Bartenfeld Josselson2, Jeff Buhr2; 1University of Georgia, 
Poultry Science, Athens, Georgia, United States; 2USDA-
ARS, National Poultry Research Center, Athens, Georgia, 
United States. 

Campylobacter spp. are important foodborne pathogens and 
in poultry flocks, horizontal transmission 
of Campylobacter has been confirmed while there is debate 
on whether vertical transmission through the egg can occur. 
Increased knowledge on the potential for egg transmission 
is beneficial when developing interventions, therefore the 
objective of this study was to evaluate the ability 
of Campylobacter to translocate from egg contents into the 
embryo during incubation. Three experiments were 
performed comparing recovery from eggs that were cold-
stored (48 h) and incubated until D5 (Experiment 1; n=88), 
D15 (Experiment 2; n=191), or D18 (Experiment 3; n=212) 
of incubation. For all experiments, eggs were injected with 
103 CFU Campylobacter coli into the albumen or yolk, and 
sampling of egg contents and viable embryos was 
performed during cold-storage (CS) and incubation. On D0, 
CSD1, CSD2, and D1, eggs contents were sampled, 1:1 
diluted using buffered peptone water, and direct and 
enriched plated on Campy Cefex plates with 100ppm 
gentamycin in duplicate. On D5, D15, and D18, viable 
embryos were aseptically removed and sampled separately 
from egg contents; Campylobacter recovery from egg 
contents and embryos was performed with microbiological 
methods and 3M™ Molecular Detection System. Direct plate 
counts were recorded as Log10 CFU and analyzed using 
ANOVA and Tukey’s for means comparison; enriched 
results were analyzed with Wilcoxon test with Dunn’s 
Method for means comparison to determine significance 
(p≤0.05). Combined results from all experiments showed 
there was 100% recovery from both albumen and yolk 
injection sites on D0 and CSD1 with enrichment. For egg 
contents, Campylobacter recovery from yolk injected eggs 
was significantly higher than albumen injected eggs for 
CSD2 (63% vs. 100% enriched), D1 (0% vs. 77% enriched), 
D5 (34% vs. 94% enriched), and D15 (3% vs. 18% 
enriched). On D5, 4 live embryos from yolk injected were 
sampled, and all 4 were Campylobacter positive. On D15 of 
incubation, 18% of the yolk injected eggs had embryos that 
were Campylobacter positive, with 4 of the embryos that 
were Campylobacter positive with enrichment had egg 
contents that were negative. There was no recovery from 
egg contents or embryos of either injection sites on D18. 
There were no Campylobacter positive embryos recovered 
from the albumen injected eggs, but 9 out of 32 yolk injected 
eggs had positive embryos (D5+D15+D18). These results 
indicate that Campylobacter vertical transmission appears 
to be unlikely as Campylobacter may not be able to survive 
in the egg contents or embryo during the entire incubation 
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period, but if it does occur, the location of the initial 
contamination is more likely the yolk contents. 

152 Insect as Vectors of Enteric Pathogens and 
Antimicrobial Resistance Genes on Broiler 
Facilities. Elizabeth B. Holda*2, Kirsten M. Zwally1, Brandon 
N. Lyons3, Isaac S. Perez3, Kamaryn S. Beamsley2, Mollie 
Cobb2, Travis Williams2, Mark C. Mattine2, Giri 
Athrey2; 1Texas A&M University, Animal Science, College 
Station, Texas, United States; 2Texas A&M University, 
Poultry Science, College Station, Texas, United 
States; 3Texas A&M University, Entomology, College 
Station, Texas, United States. 

The spread of antimicrobial resistance (AMR) is one of the 
foremost health challenges today due to widespread use of 
antibiotics. Antimicrobial resistance genes (ARGs) are 
inherited vertically and horizontally among microbital taxa, 
making it challenging to prevent their spread. How 
pathogens and ARGs move across agricultural and human 
landscapes has yet to be understood. Insects are known 
mechanical vectors of pathogens, and their movement can 
spread ARG across environments. In this study, we 
determined whether insects act as vectors of ARGs in 
poultry environments. Insects and environmental samples 
were collected from four broiler farms in Texas. We assayed 
various insect species and feed, water, litter, and feces for 
ARG. We used Jug and sticky traps to collect insects inside 
and outside of four poultry houses, with the addition of 
sweeping nets to collect airborne insects. We captured 4429 
insects in total across our sites. We dissected and pooled 
gastrointestinal (GI) tracts from insect species by date and 
site. We generated 58 GI tract pools spanning different 
species, followed by DNA isolation from the GI using the 
QIAGEN Powerfecal and Microbiome kits. We also isolated 
DNA from environmental samples (a total of 95). DNA 
isolates were prepared for sequencing, and 153 libraries 
were shotgun sequenced on the Illumina NovaSeq platform. 
The sequencing resulted in over 900GB of processed data, 
which were used to assemble the metagenomic 
communities and to screen for AMRs. We also screened 
insect samples for enteric pathogens using conventional 
microbiological testing. The processed sequence data were 
quality filtered with trim_galore, followed by metagenomics 
assembly using Megahit. The assemblies were then binned 
into putative taxa using MetaBat2. The binned assemblies 
were then annotated using Prokka, followed by AMR and 
virulence factor identification with Abricate. We found that 
multiple insect species (blowflies, houseflies, and darkling 
beetles) carry numerous pathogens of human interest, 
including enteric pathogens. Furthermore, we found a major 
overlap in the ARGs among insect species and 
environmental samples, which were also shared across 
different locations. The identified ARGs range from those 
resistant to common antibiotics to more serious ones such 
as carbapenem resistance genes. Our data highlight the 
important role that insects play in the persistence and 
movement of pathogens and ARGs in agricultural 
landscapes. 

153 Identifying and evaluating the effects of missing 
gut microbes in intensively raised broiler 
chickens. Camila Schultz Marcolla*1, Tingting Ju1, 
Benjamin Willing1; 1University of Alberta, Edmonton, 
Alberta, Canada. 

Broiler production systems rely on several practices to 
prevent contamination of flocks with pathogens. We 
hypothesized that these practices hinder the proper 
colonization of the gut with bacteria that co-evolved with 
chickens in nature, which can influence gut health, immune 
development, and disease resistance. We aimed to identify 
bacteria that are normal inhabitants of the broiler gut that 
might be missing from the cecal microbiota (CM) of broilers 
raised in intensive production systems (IPS), and to evaluate 
the effects of introducing these commensal bacteria to day-
old chicks. First, we used 16S rRNA sequencing to 
characterize the CM of broilers raised in IPS and in extensive 
production systems (EPS). Then, we performed CM 
transplantation (CMT) and introduced defined microbial 
communities (DC) to day-old chicks to identify species that 
are effective colonizers of the gut and to evaluate the effects 
of microbial inoculations on CM development and broiler 
immune responses. One-way ANOVA, Kruskal-Wallis, 
LEFSe/ANCOM, DESEq, Limma-Voom and PERMANOVA 
methods were used for statistical analysis. Our results 
indicated that the CM of broilers in both systems were 
dominated by Firmicutes, Bacteroidetes and Proteobacteria; 
however, Bacteroidetes dominated the CM of broilers from 
EPS, whereas Firmicutes dominated that of broilers from 
IPS. The CM of broilers in EPS was shown to be more 
phylogenetically diverse (p < 0.001) and distinct from that of 
broilers in IPS (p = 0.001). In addition, core microbes 
ubiquitous in broilers from EPS were shown to be depleted 
in broilers from IPS. We 
identified Megamonas, Phascolarctobacterium and several 
Bacteroidetes as effective colonizers of the broiler gut, which 
were able to establish after a single exposure. The CMT and 
DC treatments increased the abundance of Bacteroidetes 
and reduced the abundance of Enterobacteriaceae in the 
CM of inoculated birds in comparison to non-inoculated 
controls (p < 0.001). Microbial inoculations increased 
microbial diversity (p < 0.001), promoted increased 
propionate (p < 0.012) and valerate (p < 0.001) 
concentration in cecal contents, and modulated IL-6 (p < 
0.01), IL-10 (p = 0.002) and IFN-γ (p < 0.03) in cecal tissues. 
We concluded that broilers from IPS are missing core 
microbes, 
namely Alistipes, Bacteroides, Barnesiella, Parabacteroide
s, and Megamonas that are ubiquitously present in broilers 
from EPS. These bacteria can effectively colonize the broiler 
ceca after a single exposure and can potentially modulate 
microbiota composition and immune responses. These 
results will guide further studies aiming to develop next-
generation probiotics that can be introduced to broilers by a 
single-exposure treatment in early life. 
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Student Competition: Management and Production II

154 The impact of light flicker and strain on 
aggressive behaviours, fear, and stress levels of table-
egg production pullets reared to 16 weeks of 
age. Samantha E. McPhee*1, Tory Shynkaruk2, Denise 
Beaulieu3, Jennifer Brown1, Tina Widowski4, Trever Crowe5, 
Karen Schwean-Lardner6; 1University of Saskatchewan, 
Animal and Poultry Science, Saskatoon, Saskatchewan, 
Canada; 2University of Saskatchewan, Animal and Poultry 
Science, Saskatoon, Saskatchewan, Canada; 3University of 
Saskatchewan, Animal & Poultry Science, Saskatoon, 
Saskatchewan, Canada; 4University of Guelph, Animal 
Biosciences, Guelph, Ontario, Canada; 5University of 
Saskatchewan, Mechanical Engineering, Saskatoon, 
Saskatchewan, Canada; 6University of Saskatchewan, 
Animal and Poultry Science, Saskatoon, Saskatchewan, 
Canada. 

There are few published studies on how light flicker affects 
poultry. This study determined the impact of flicker 
frequency (F) and strain (S) on pullet aggressiveness, fear, 
and stress. We hypothesized that pullet ability to visualize 
the 30 Hz F will result in increased incidences of aggressive 
behaviour and increased fear and stress responses. In 
addition, it is hypothesized that 90 Hz, which humans cannot 
see but pullets may be able to, will increase stress response 
behaviours, and finally that S would react differently to the 
flicker. Three F (30, 90, 250 Hz) and 2 Lohmann S (Brown-
Lite (LB), LSL-Lite (LW)) were tested (3×2 factorial, 
randomized complete block (trial as block; n=2) design). 
Pullets (n=2,688 per S) were reared in floor pens (3 
pens/S/room: 90 Hz = 6 rooms, and 5 rooms for 30 and 250 
Hz) from 0-16 wk. Behaviour was recorded (1 pen/S/room) 
at 4, 8, 12, and 16 wk then scan sampled at 20-min intervals. 
At 7 wk, blood samples were taken for serum corticosterone 
(CORT: RIA block 1; ELISA block 2; analyzed separately). 
At 7 and 15 wk, novel object tests (NOT) were performed (2 
pens/S/room). Data were analyzed using Proc Mixed (SAS 
9.4) with Tukey’s range test to separate means (differences 
significant when P ≤ 0.05). Behaviour was analyzed using 
repeated measures. With respect to aggressiveness, a F×wk 
interaction was noted (P<0.05) showing pullets reared under 
30 Hz spent a higher % of time engaging in aggressive 
behaviours at 4 and 16 wk. At 8 wk, pullets spent the most 
% of time performing aggressive behaviour under 90 Hz and 
the least % of time under 250 Hz and at 12 wk, those under 
90 Hz spent the least % time while those under 250 Hz spent 
the most % time. CORT, conducted to assess acute stress 
levels, differed by analyses methodology. In block 1, pullets 
reared under 90 Hz had higher CORT than those reared 
under 250 Hz (P < 0.05) and LB had higher concentration 
than LW (P < 0.0001). No effects were found in block 2. A 
F×S interaction occurred at 7 wk for the NOT, a measure of 
fear. At this time, LB pullets took longer and LW pullets 
reared under 30 and 250 Hz took the least time to peck at 
the novel object (P=0.03). This suggests that S reacted 
differently to F based on fear levels. There was no difference 
at 15 wk. To conclude, obvious flicker (30 Hz) increased 
aggressive behaviour at an early age and the end of the 
pullet phase. The 90 Hz treatment had a variable effect on 
% of time spent in aggressive behaviours at mid-pullet ages. 
Flicker may have affected stress levels because the 
moderate F (90 Hz) resulted in higher stress levels than the 

high, non-visible F (250 Hz). Fear levels were less clear and 
S showed clear differences in their response to the F. 

155 Effects of LED light flicker on turkey hen 
performance to 11 weeks of age. April E. Hammond*1, 
Trever Crowe4, Kailyn Buchynski1, Tory Shynkaruk2, 
Jennifer Brown1, Karen Schwean-Lardner3; 1University of 
Saskatchewan, Animal and Poultry Science, Saskatoon, 
Saskatchewan, Canada; 2University of Saskatchewan, 
Animal and Poultry Science, Saskatoon, Saskatchewan, 
Canada; 3University of Saskatchewan, Animal and Poultry 
Science, Saskatoon, Saskatchewan, Canada; 4University of 
Saskatchewan, Mechanical Engineering, Saskatoon, 
Saskatchewan, Canada. 

The objective of this study was to determine the impacts of 
white LED light flicker at three distinct frequencies (30, 90, 
195 Hz) on the productivity traits of Nicholas Select turkey 
hens reared to 11 weeks of age. This experiment was 
designed as a one-way factorial design in a randomized 
complete block (block=trial; 2 trials). Birds were raised in 9 
light-tight rooms (6.7m x 10m) (n=364 birds/room) with 
photoperiods starting at 23L:1D (hours light:hours dark) at 
placement and gradually decreasing to 18L:6D by 9d with 
darkness provided in one continuous period. Light intensity 
gradually decreased from 40 to 10 lux during the same age 
period. Rooms contained 4 drinker lines (3 cups/line) and 12 
tube feeders. Birds were fed commercial diets ad 
libitum throughout the trial. Data collected included body 
weight (0d,wk 4, 8, 11) and feed intake for each period. Body 
weight gain and feed efficiency were calculated from 0d-
4wk, 4-8wk, 8-11wk, and 0-11wk. Flock uniformity was 
calculated by weighing a sub-sample of birds (10wk;30 
birds/room). All dead and culled birds were recorded and 
sent to an independent pathology lab for determination of 
cause of death. Data were analyzed using Proc Mixed (SAS 
9.4) with means separation by Tukey’s range test when 
differences were considered significant (P<0.05). Data that 
were not normally distributed were log+1 transformed. Block 
was removed when it was not significant. Birds in the 30 Hz 
treatment weighed less than those in the 195 Hz treatment 
at 8wk (P=0.0252). Birds had higher weight gain (P=0.0027) 
in the 30 Hz treatment and lower weight gain in the 90 Hz 
treatment (8-11wk). Average feed consumption was less in 
the 30 Hz treatment from 0d-4wk and 4-8wk (P=<0.0001 
and P=0.0013, respectively). Feed to gain and flock 
uniformity did not differ by treatment. When corrected for 
mortality, feed to gain was higher in the 90 Hz treatment 
compared to 30 Hz from 8-11wk (P=0.0483) and 0-11wk 
(P=0.0401). The percent mortality plus culls was lower in the 
195 Hz treatment (P=0.0163) during the 0d-4wk period but 
no other differences were noted. Mortalities and culls caused 
by round heart were higher in birds raised under the 30 Hz 
treatment from 4-8wk (P=0.040). From 0d-11wk, there were 
more mortalities and culls due to infectious causes in birds 
raised under the 90 Hz treatment (P=0.0490). These results 
suggest that there is an effect of 30 Hz flicker on early stage 
growth and productivity, however, birds appear to adjust and 
demonstrate compensatory gain during later periods. The 
higher mortality in the 90 Hz treatment during the period 
suggests that flicker frequencies indiscernible by humans 
may have some effect on turkeys during that time frame. 
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156 Evaluation of the effect of AquaBeads® 
supplementation at placement on 24h crop fill and 10-
day performance of turkey poults. Abdiel Atencio*1, Jay 
Palmer2, William Thomas2, Aaron Forga1, Marcela Arango1, 
Maria Trujillo Peralta1, Alessandro Rocchi1, Shawna 
Weimer1, Danielle Graham1; 1University of Arkansas, 
Poultry Science, Fayetteville, Arkansas, United 
States; 2ClearH2O, Westbrook, Maine, United States. 

AquaBeads® are a moisture gel bead containing hydration 
supplement that can be topically applied to starter feed at 
the time of chick placement. The bright green color of the 
AquaBeads® provides a visual stimulus to accelerate the 
early discovery of feed for improved health and growth 
performance of chickens. To date, there is little information 
regarding the effect of AquaBeads® supplementation on 
performance in turkey poults. The purpose of the present 
study was to evaluate the impact of AquaBeads® 
supplementation at placement on 24-hour crop fill (%), 10-
day body weight (BW), d0-10 body weight gain (BWG) and 
feed conversion ratio (FCR) in turkey poults. At d0, 720 day-
of-hatch turkey poult hens were neck tagged, individually 
weighed, and randomly allocated to one of three treatment 
groups: 1) a non-treated control that did not receive 
AquaBeads® supplementation (NC), 2) a group that 
received AquaBeads® supplementation (AquaBeads®), or 
3) a group with the ability to frequent a feed flat with or 
without AquaBeads® supplementation as a preference 
(AquaBeads® preference). Poults (n=30/pen; n=8 replicate 
pens/treatment) were placed on fresh pine shavings in 4x4ft 
floor pens with two cardboard feed trays (14” W x 22” L x 2” 
H), each containing 1.5kg of turkey starter feed with or 
without 1.5g AquaBeads®/poult (22.5g/each flat for 
AquaBeads®; 45g/single flat for AquaBeads® preference). 
Average BW(g) at d10 and BWG(g) from d0-10 were 
significantly (P<0.05) higher in the AquaBeads® (124.44 ± 
1.65; 72.08 ± 1.61) and AquaBeads® preference (124.29 ± 
1.63; 71.36 ± 1.63) groups compared to the non-treated 
control (118.16 ± 1.75; 65.19 ± 1.73). Crop palpation was 
conducted 24h post-placement to evaluate % crop fill by 
treatment (n=40/group). No significant (P<0.05) differences 
were observed between all treatment groups after 24h ad 
libitum access to feed with and without AquaBeads®. There 
were no significant (P<0.05) differences in FCR between all 
groups from d0 to d10. However, there was a numerical 
improvement associated with AquaBeads® 
supplementation compared to the non-treated control. The 
addition of AquaBeads® to both feed flats resulted in a 5-
point improvement in FCR (FCR 1.83 ± 0.06) compared to 
the non-treated control (FCR 1.88 ± 0.05). A 9-point 
improvement in FCR was observed for the AquaBeads® 
preference group (FCR 1.79 ± 0.02) compared to the non-
treated control. These data indicate that consumption of 
AquaBeads® did not negatively affect BW at d10, BWG from 
d0-10, 24h crop fill, or d0-10 FCR during the course of this 
trial. 

157 Assessing the Efficacy of Conventional and 
Novel Low Flow Water Monitoring Methods on Two 
Commercial Broiler Strains. Travis Tabler*1, Kirsten M. 
Shafer3, Maricela Maqueda1, Sara Orlowski2; 1University of 
Arkansas, Fayetteville, Arkansas, United States; 2University 
of Arkansas, Poultry Science, Springdale, Arkansas, United 
States; 3University of Arkansas, Poultry Science, 
Springdale, Arkansas, United States. 

This study aimed to evaluate the efficacy of conventional and 
novel water monitoring methods on the growth performance 
of two commercially available broiler strains. Specifically, we 
sought to determine the impact of three water monitoring 
methods on the growth performance of broiler strains, 
representing the modern commercial broilers marketed for 
the tray pack and high-yield markets, respectively. Four 
hundred eighty male chicks from the two commercial strains 
were randomly assigned to one of the 24 available floor 
pens. In this 2x3 factorial design, there were 12 and 8 
replicates for each fixed factor level of strain and method, 
respectively. The water monitoring methods assessed 
included a 5-gallon bell drinker (Bell), a gravity-fed system 
(Gravity), and a novel low-flow water monitoring system 
(Low-Flow). For the duration of the 42-day trial, feed intake 
(FI), water intake (WI), and body weights (BW) were 
measured weekly. These data were used to calculate the 
body weight gain (BWG), feed conversion ratio (FCR), water 
conversion ratio (WCR), and water-to-feed ratio (W:F). 
ANOVA tests were conducted to determine the main effects 
of different water monitoring methods and broiler strains on 
growth performance. There were no significant interactions. 
The study reported significant main effects of strain or water 
method on all growth performance variables, save for FCR. 
Strain A reported a higher BWG (p < 0.001), FI (p < 0.001), 
and WI (p < 0.001) than strain B, despite no significant 
difference in FCR (p = 0.08) between the strains. There was, 
however, a significant difference in WCR (p < 0.05) between 
the two strains, with strain A reporting a 13-point increase. 
The Bell waterer resulted in higher BWG (p < 0.001), WI (p 
< 0.001), WCR (p < 0.001), and W:F (p < 0.001) than both 
the Gravity and Low-Flow systems, with no differences 
reported for FI (p = 0.266) or FCR (p = 0.138). The Low-Flow 
system reported the lowest numeric mean for WI and WCR, 
suggesting it is the most effective system for resource 
conservation and measurement accuracy. This study 
contributes novel, detailed data that characterizes broiler 
performance and assesses the performance of water 
monitoring methods. Results illuminate the potential for the 
novel low-flow water monitoring system to play a pivotal role 
in the future of resource sustainability in the poultry industry 
through its ease of use, scalability, and value in accurately 
measuring water-related production measures. 
Implementing the novel low-flow water monitoring system 
into poultry breeding programs could help accurately select 
water-efficient birds, promoting a better, more sustainable 
future. 
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Metabolism and Nutrition: Enzymes I

158 The past, present and future of exogenous 
enzymes in poultry nutrition. Doug Korver*1,2 1University 
of Alberta, Agricultural, Food & Nutritional Science, 
Edmonton, Alberta, Canada; 2Alpine Poultry Nutrition, Inc., 
Edmonton, Alberta, Canada. 

Feed represents a major portion of the overall costs of 
poultry production. As such, optimizing feedstuff nutrient 
utilization is critical for the poultry industry. Exogenous feed 
enzymes are a highly successful tool to increase nutrient 
digestibility and utilization, decrease nutrient pollution and 
allow for the use of non-traditional feedstuffs in poultry 
feeding. Since the first enzyme was isolated almost a 
century ago, advances in technology have led to the 
widespread application of microbially-produced enzymes in 
the livestock feeding industry. Mechanisms can be direct 
liberation of otherwise inaccessible nutrients or indirect 
(liberation of prebiotic or post-biotic molecules, elimination of 
immune-response inducing molecules such as antigens, 
inflammatory stimulators). Initially, feed enzyme research 
focused on the destruction of specific antinutritional factors 
present in common poultry feedstuffs – phytate and soluble 
non-starch polysaccharides. These enzymes released 
nutrients from the bound form (phytate), or decreased the 
intestinal viscosity associated with the high water-binding 
capacity of arabinoxylans and β-glucans. Subsequently, 
exogenous enzymes were used to augment activities 
already present in the bird such as amylase and protease. 
More recently, enzymes have been used to degrade 
components of the diet (e. g. β-mannans) or gut microbiome 
(e. g. peptidoglycans) that induce detrimental activation of 
the immune response. A potential limiting factor to feed 
enzyme use is the opposition to the use of genetically 
modified organisms by some consumers and regulatory 
agencies. Most commercial enzymes are produced by 
genetically modified yeast or bacteria; increased opposition 
could lead to consumer and legislative pressure against their 
use. However, enzyme technology has been used to great 
benefit to society even in various legislatively restrictive 
jurisdictions. In the future, further refinements to existing 
commercial enzyme applications can be expected. 
Increases in potency, thermostability, shelf life and 
advances in technology that reduce production costs will 
increase the benefit per unit cost to poultry producers. 
Further development of additional nutrient-releasing enzyme 
activities will also increase feedstuff nutrient utilization. New 
and advanced enzyme technologies will allow for the use of 
previously marginal ingredients such as food processing co-
products. Reduction of the immune-stimulating potential of 
feed components and the gut microbiome will increase post-
absorptive efficiency of nutrient utilization for productivity. As 
feed costs continue to rise, increasing nutrient utilization and 
co-product inclusion will help to mitigate these economic 
impacts. 

159 Broiler age and sampling time have an influence 
on the apparent ileal digestibility of calcium and 
phosphorus from phytase. Carrie L. Walk2, Oluyinka 
Olukosi*1, Shravani Veluri1; 1University of Georgia, Poultry 
Science, Athens, Georgia, United States; 2DSM Nutritional 
Products, Kaiseraugst, , Switzerland. 

Two experiments were conducted to determine the impact of 
sampling time and broiler age on the apparent ileal 
digestibility (AID) of Ca, and P. Cobb 500 male chicks (N = 
600) were used in each experiment. Birds were allocated to 
60 cages with 10 birds/cage (Exp 1, 8-11 d) or 120 cages 
using 5 birds/cage (Exp 2, 21-24 d). Six diets were arranged 
as a 2 × 3 factorial arrangement. Each treatment had 10 (Exp 
1) or 20 (Exp 2) replicates. There were five sampling times 
(8, 12, 24, 48, and 72 h) within each treatment (120 
birds/sampling time) for each experiment. The diets were a 
low (LOW) or standard (STD) Ca level and 3 phytase levels 
(0, 300, or 3,000 (FYT/kg). Total Ca: non-phytate P (nPP) 
was 3.3. The LOW diets contained 0.61% Ca and 0.18% 
nPP (Exp 1) or 0.51% Ca and 0.16% nPP (Exp 2). The STD 
diet had 0.87% Ca and 0.26% nPP (Exp 1) or 0.77 and 
0.23% nPP (Exp 2). Ileal digesta was collected from the 
lower half of the ileum and pooled across replicates to 
produce 5 samples/treatment/sampling time. Data were 
analyzed as a 2 × 3 factorial arrangement, split by sampling 
time and experiment. Means were separated using 
contrasts. In the younger broilers (Exp 1), there was no effect 
of Ca, phytase, or an interaction on the AID of Ca at 8, 12, 
or 24 h. By 48 h, phytase linearly (P < 0.05) increased the 
AID of Ca in birds fed the LOW diet and decreased (linear, 
P < 0.05) the AID of Ca in birds fed the STD diet. By 72 h, 
phytase linearly (P < 0.05) decreased the AID of Ca, and 
feeding the STD Ca diet decreased (P < 0.05) the AID of Ca. 
The AID of P increased (quadratic, P < 0.05) as phytase 
increased, which was noted at 8, 12, and 24 h. By 48 h, 
phytase increased the AID of P in quadratic or linear (P < 
0.05) manner in birds fed the LOW or STD diet, respectively 
(interaction, P < 0.05). By 72 h, phytase quadratically (P < 
0.05) influenced the AID of P, particularly in birds fed the 
LOW diet (interaction, P < 0.05). In the older birds (Exp 2), 
the STD diet decreased (P < 0.05) the AID of Ca and P at 8, 
24, 48, or 72 h. Phytase increased (linear or quadratic, P < 
0.05) the AID of Ca at 8, 12, and 24 h. Phytase had no effect 
on the Ca AID in the LOW diets at 48 h, and a decrease 
(quadratic, P < 0.05) in the AID of Ca with phytase in the 
STD diet was observed. There was no phytase effect on the 
Ca AID by 72 h. The AID of P increased (linear or quadratic, 
P < 0.05) with phytase to a greater extent in birds fed the 
STD diet (interaction, P < 0.05) at 8 h. Phytase increased 
(linear, P < 0.05) the AID of P at 12, 24, 48, and 72 h. In 
conclusion, sampling too early or too late influences the 
effect of phytase and total Ca on the AID of Ca or P, and the 
optimal sampling time differs for Ca and P and by the 
broiler’s age. 

160 Effects of phytase dose on 21-day broiler chicken 
performance and tibia ash. Mike Persia*1, Katie 
Kirkpatrick1, Cooper Fritzlen1, Andrew Brown2, Jose Charal2, 
Milan Hruby2; 1Virginia Tech, , Blacksburg, Virginia, United 
States; 2ADM Animal Nutrition, Decatur, Illinois, United 
States. 

An experiment was conducted to evaluate the effects of 
various doses of phytase on the performance and tibia ash 
of 21-day old broiler chickens. In total, 1,750 male Ross 708 
broilers were housed in 1.37 m x 1.37 m mini-pens with 14 
replicate pens of 25 chicks (750 cm2/bird) for each of the 5 
treatments. The treatments included a positive (PC) that was 
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formulated to contain 0.92% Ca and 0.45% available P (aP) 
and a negative control (NC) diet that was formulated to 
contain 0.71% Ca and 0.22% aP. Crude protein, key 
digestible amino acids and metabolizable energy values 
across the two formulations were similar. In addition to the 
two controls, phytase (a non-coated and intrinsically heat 
stable bacterial-origin 6-phytase: ADM Animal Nutrition, 
Decatur, IL) was added to the NC diets to generate diets with 
750, 1,500 and 2,250 FTU/kg. Body weight (BW) and feed 
offered and refused were measured at 0 and 21 d. Feed 
intake and BW corrected feed conversion ratio (FCRc) were 
calculated over the 0 to 21 d period. On day 21, 8 birds per 
pen were selected, euthanized and ileal digesta from the 
distal half of the ileum was collected and pooled for P and 
Ca ileal digestibility determination and the right leg from each 
bird was removed for tibia ash determination. Data were 
analyzed using SAS (P ≤ 0.05) and means were separated 
using Fishers LSD test. When analysis was completed, a 
significant difference was noted for initial BW, therefore, 
initial BW was used as a covariate for performance and 
growth measurements. Overall, broilers fed the NC resulted 
in reduced BW in comparison to the PC broilers (557 vs. 810 
g), while the three treatments with phytase all increased BW 
in comparison to both the NC and PC fed broilers (842, 843 
and 841 g, respectively; P ≤ 0.01). The NC fed broilers 
resulted in a worsened FCRc of 1.475 in comparison to PC 
broilers (1.281; P ≤ 0.01). Inclusion of 750, 1,500 and 2,250 
FTU phytase to the NC diets resulted in improved FCRc over 
both the PC and NC fed broilers (1.238, 1.245 and 1.244, 
respectively; P ≤ 0.05) with the exception of the 1,500 FTU 
fed broilers that was still similar to the PC (P = 0.06). The NC 
diet reduced tibia ash percentage (32.6%) compared to the 
PC fed broilers (44.9%; P ≤ 0.01). Addition of all 
concentrations of phytase returned tibia ash percentage 
similar to that of the PC fed birds (44.4, 44.4 and 45.1%, 
respectively; P > 0.05). All concentrations of the phytase 
were able to restore the performance and tibia ash lost due 
to Ca and P removal from the PC diet and in this case all 
concentrations showed extra-phosphoric performance 
effects in broiler performance without continued increases in 
broiler tibia ash percentage. 

161 Evaluation of the efficacy and phosphorus 
equivalence of a fourth generation phytase for growth 
performance, bone mineral content, bone strength and 
bone development on broilers. Froylan Abraham S. 
Rodrigez*12, Silvestre Charraga2, Christiane Matias2, Carlos 
L. Coello1, Ernesto Á. González1, José A. Menocal1, Vitor 
Fascina2; 1UNAM, Poultry Production and Nutrition, 
Tlajomulco, Jalisco, Mexico; 2DSM Nutritional Products, 
Animal nutrition and health, El Salto, Jalisco, Mexico. 

Since the use of the firsts phytases in animal feed, they had 
been improved to make them more efficient in phosphorus 
utilization, this has resulted in an increased reduction of the 
use of inorganic phosphorus and environmental emissions 
with a lower feed cost. The objective of this work was to 
evaluate the efficacy and phosphorus (P) equivalence of a 
fourth generation phytase taking in consideration growth 
performance, tibia ash, P and Ca content, bone breaking 
strength, bone length, bone weight and chondral epiphysis 
growth. A total of 2,360 one day old (Ross 308) male 
chickens were allocated in 40 pens of 59 birds each in a 
completely randomly design with 5 treatments and 8 
replicates until 42 days of age. Four feeding phases were 

used in the experiment. All birds received the same 
Prestarter diet which met available P (avP) requirement until 
seventh day, treatments used in remain feeding phases 
were: T1) avP deficient diet on 0.21%; T2) avP deficient on 
0.14%; T3) avP deficient on 0.07%; T4) diet which met avP 
requirements; T5) as T1 with the addition of 1,000 FYT 
from Citrobacter braky phytase. Diets were based on corn-
soybean meal. Variables were weekly body weight (BW), 
feed intake (FI), feed conversion rate (FCR) and mortality; at 
21 days of age tibia ash, P and Ca content, bone breaking 
strength, tibia length, tibia weight, and chondral epiphysis 
length (ChEL) were measured. Data were subjected to 
ANOVA according to the GLM procedure and when 
differences were observed (P<0.05) a multiple comparison 
of means was performed by Tukey test (α=0.05). Linear 
regression analysis was performed for treatments 1 to 4. 
Equations of variables with a linear effect (P<0.05) were 
used to calculate P equivalence of Citrobacter 
braky phytase. At 21 days a linear effect (P<0.001) was 
observed for T1 to T4 for BW (0.8352+0.567331*avP, 
R2=0.89), FI (1.1074+0.5930*avP, R2=0.699), FCR (1.4070-
0.3430*avP, R2=0.508), Tibia ash (43.3207+39.8868*avP, 
R2=0.7117), Tibia P (8.93+14.3571*avP, R2=0.6109), Tibia 
weight (3.2252+6.9321*avP, R2=0.41052) and Tibia length 
(5.979+2.9*AvP, R2=0.294). Equivalence of avP for T5 at 21 
days of age was of 0.190% considering BW, Tibia ash and 
P, Tibia length and Tibia weight. At 42 days T5 outperformed 
BWG, FCR and FCR of the highest addition of inorganic 
phosphorus so no avP equivalence was obtained suggesting 
this was an extra phosphoric effect of the phytase. Mortality 
showed a linear effect (P < 0.001) at day 42 of age (11.3266-
47.177*avP, R2=0.441) with no differences between T4 and 
T5. Results shows that fourth generation Citrobacter 
braky phytase had an equivalence of 0.190% of AvP added 
at 1,000 FYT with an additional effect in performance at 42 
of age. 

162 Comparative efficacy of three bacterial phytases 
in broilers at hatch to 14 days of age. Qian Zhang*12, Jose 
Otavio Sorbara2, Carrie L. Walk2, Kostas Stamatopoulos2, A. 
Smith3; 1DSM China Animal Nutrition Research Center, 
Bazhou, Hebei, China; 2DSM Nutritional Products, 
Kaiseraugst, , Switzerland; 3DSM Nutritional Products (UK), 
Heanor, Derbyshire, United Kingdom. 

A battery cage study was conducted to evaluate the efficacy 
of three commercially available bacterial phytases in 
improving growth performance, bone mineralization, mineral 
digestibility, and phytate hydrolysis of broilers from hatch to 
14 d of age. 528 day-old Ross 308 male broilers were 
obtained, weighed, and allocated to one of 12 dietary 
treatments. The treatments consisted of 3 levels of non-
phytate P (nPP) and total Ca (0.45 and 0.90, 0.32 and 0.80, 
or 0.20 and 0.80%, respectively) and 3 doses (500, 1,500 or 
3,000 U/kg) of a Citrobacter braakii derived phytase (PhyC), 
a hybrid enzyme created from three bacterial sources 
(PhyH) or a Trichoderma reesei derived phytase (PhyT). 
The phytases were supplemented into the diet containing 
the lowest nPP and Ca. The experimental diets were corn-
wheat-SBM-rapeseed meal based, and contained 0.25% 
phytate P. There were 11 birds/cage and 4 cages/treatment. 
On d 14, the ileal digesta were collected from 5 birds/cage, 
the right tibia was taken from 4 birds/cage and separated to 
create 8 replicates/treatment. Data from all treatments were 
analyzed by one-way ANOVA. Means were separated by 
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Tukey’s HSD test and significance was accepted at P ≤ 0.05. 
Birds fed the lowest nPP and Ca gained less compared with 
birds fed the highest nPP and Ca. Phytase supplementation 
at all doses, improved weight gain comparable to birds fed 
the highest nPP and Ca but not different from birds fed the 
lowest nPP and Ca, except for 3,000 U/kg of PhyC, which 
was significantly higher (P < 0.05) than birds fed the lowest 
nPP and Ca. Also, compared to birds fed the lowest nPP and 
Ca, supplementation with increasing concentrations of 
inorganic phosphate and all three phytase products 
significantly increased tibia ash (P < 0.05). The three 
phytases supplemented at 1,500 or 3,000 U/kg had tibia ash 
comparable to the highest nPP and Ca diet. Among the three 
phytases on the improvement of tibia ash: PhyC showed 
higher values compared to the other two phytases at equal 

dosage (except for a lower value than PhyT at 1,500 U/kg). 
Additionally, the significant improvements (P < 0.05) of ileal 
mineral digestibility and inositol phosphate (IP3-6) profile 
were observed with the increase of phytase concentrations. 
On average of the improvements by phytase product, an 
increase of ileal P digestibility in PhyC (+5.2%) and PhyT 
(+6.6%), and a decrease of ileal IP3-6 concentrations in 
PhyC (-19.1%) and PhyT (-21.1%) were observed when 
compared to PhyH. In summary, PhyC was superior, PhyT 
was intermediate, and PhyH was relatively less efficacious 
with a comprehensive consideration of growth performance, 
tibia mineralization, ileal P digestibility and IP3-6 hydrolysis 
of broilers from hatch to 14 days of age. 
  



 

2023 PSA Annual Meeting Abstracts 80 
 

Extension & Instruction

163 Decision tree app development to support water 
quality improvement in the poultry industry. Mohammad 
Afrouziyeh1, Valerie Carney*2, Susan Watkins3; 1University 
of Alberta, Edmonton, Alberta, Canada; 2University of 
Alberta, Edmonton, Alberta, Canada; 3University of 
Arkansas, Department of Poultry Science, Fayetteville, 
Arkansas, United States. 

Good quality water free of pathogens and containing 
acceptable levels of contaminants, i.e. minerals, supports 
poultry flock health and livability, improves productivity while 
reducing the use of therapeutic treatments, and this 
contributes to the sustainability of commercial poultry 
production. Established water quality and quantity standards 
provide guidance to poultry producers for evaluating and 
correcting parameters that can impair productivity of flocks 
and equipment. However, producers have lacked an 
unbiased resource to guide them through interpreting the 
analyses for their water supplies as well as a source of 
information which explains options for correcting challenges. 
Plus, basic information about managing water additives like 
vaccines or sanitizers can be confusing or difficult to access. 
Since each farm has a unique water supply and system, 
producers need access to more than just a “chart” of facts 
but rather a systematic decision process which will lead them 
through understanding their specific issues and needs and 
provide them with the information and tools to make sound 
decisions based on the most current scientific knowledge 
available. Poultry Innovation Partnership has developed a 
Mobile-Friendly Web App structured as a decision tree to 
assess water quality-related risks and provide a risk 
mitigation report tailored to the specific water inputs. The app 
consists of two main parts. The first part was based on a 
table of 63 questions in 5 sections and multiple-choice 
answers for the end user to answer. These questions gather 
information on observational, mineral, microbiological, on-
farm water testing procedures, and water system 
maintenance. Based on the answers provided, 
recommendations are generated in each section which 
indicate if solutions are recommended and what actions 
should be implemented, if any. The second part links users 
to water quality information prepared by industry experts and 
video protocols on water sampling, microbial treatment and 
water sanitation, waterline cleaning between and during 
flocks, biofilm cleaning, vaccination through drinking water, 
well shock chlorination, and on-farm water test tools. This is 
the first one source poultry water quality guide. Poultry 
Innovation Partnership beta tested the app with 30 poultry 
producers in Alberta. In a survey evaluation with a response 
rate of 73% (22/30), 75% of respondents answered “yes” 
and 18% answered “maybe” when asked the question “Will 
you use the PIP water app?” Official launch is scheduled for 
March 2023. 

164 Podcast as a medium for extension 
programming. Zachary Williams*1, Toree Williams1; 
1Michigan State University, Animal Science, Holt, Michigan, 
United States. 

During the Covid-19 pandemic delivery of extension 
programming through traditional methods became 
problematic due to restrictions set on public gatherings. 
Poultry extension delivery has typically relied on traditional 

delivery method of in person meetings and written articles. 
However, in some states travel and meetings became 
extremely difficult during pandemic due to state and 
university restrictions on travel and meeting. Technology has 
advanced tremendously, and startup costs have decreased 
significantly. Startup cost was under $1,000, editing software 
is open sourced and free. Society has evolved to be more 
mobile, and many people use their phones and other small 
handheld devices more than computers or printed materials, 
over 90% of US citizens own a cellphone with 85% of those 
being smartphones. During that time extension personnel 
investigated the possibility of developing a poultry science 
related podcast. Initial research found very few poultry 
science podcasts, and almost no university extension poultry 
podcasts. The objective was to determine if podcasting 
technology can be an effective delivery method for extension 
programming. The podcast format and content were 
developed and launched in 2022 with the first episode 
published on April 26, 2022. As of March 2023, and the 
writing of this abstract 9 episodes have been published with 
an average of 66 downloads per episode and a total of 592 
downloads. The podcast was initially made for poultry 
industry in Michigan and Midwestern United States, although 
the listening audience has grown much beyond those 
boundaries. The podcast has been downloaded on 6 
continents, 33 countries and 235 cities. In current format the 
podcast is aimed at farmers, live production employees, and 
veterinarians. Download data indicates that approximately 
86% of listeners are using mobile phones to listen. Apple 
podcast application accounts for 38% of downloads, with 
unknown Apple apps at 23%, Spotify at 11%, website at 8% 
and “other” accounting for 20%. Topics and guests are 
selected by host based on current topics, industry needs and 
are as practical as possible. Guests can be an advantage 
over extension articles written by extension faculty, as 
outside guests can be experts on numerous topics and less 
research is needed lessoning the burden on host. Guests 
have been a mix of university and industry, providing the 
unique insights from both. With a limited number of poultry 
science extension specialists and a growing industry the 
need for longer reach and greater impact by less people is 
needed now more than ever. A recorded podcast is one tool 
that extension faculty should consider when trying to reach 
regional, national, and even international audiences. 

165 Demonstrating Small-Scale Poultry Processing to 
Locals in North Carolina. Christina S. Sigmon*2, Lin 
Walker2, Yan Campbell2, Richard Goforth1, Jonas Asbill1, 
Lauren Greene1, Becky Spearmen1, Margaret Ross1; 1NC 
Cooperative Extension, Poultry Science, Raleigh, North 
Carolina, United States; 2NC State University, Poultry 
Science, Raleigh, North Carolina, United States. 

Since 2010, the Prestage Department of Poultry Science at 
North Carolina State University has been collaborating with 
NC County Extension Agents on holding small-scale poultry 
processing demonstrations at local extension offices across 
North Carolina. The processing demos were started by the 
Extension Agents after multiple inquiries were made by 
locals who wanted to raise and process their own birds and 
the lack of small scale processing equipment in the state. 
The number of demos has increased each year with 5 taking 
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place in 2022 and 4 so far in 2023. The equipment used at 
each extension office was purchased using local funds, 
Animal Agriculture Program Teamwork group funds, or other 
secured grants. Currently there are 11 mobile processing 
units across NC that can be rented by locals for their 
personal use. The agenda for these demos have similarities 
and differences. The similarities include instructing 
participants on how to properly exsanguinate, scald, pluck, 
eviscerate, and chill the poultry carcasses. One of the 
differences between these demos is incorporating an 
embryology lesson in the classroom by a local teacher and 
4-H agent. The hatched broiler chicks were grown by local 
farmers, an FFA group, or a 4-H group. Both FFAers and 4-
Hers participated in caring and showing the chickens. In 
2016, 8 counties participated in this program for the Coastal 
Plains Chicken Project. In 2021, 12 counties participated in 
this program. Then the chickens are taken to an Extension 
Office for the processing demo. An inspector from Meat and 
Poultry Inspection Division (MPID) was present at some of 
these demos to ensure we processed and chilled the birds 
properly. They also provided a classroom portion to explain 

how locals can become poultry-exempt operators and sell 
their meat within North Carolina. Evaluations were given to 
the participants for their feedback on the presentations and 
demonstration. The 2021 Lenior Co. evaluation results 
showed that 100% of the participants were either “Satisfied” 
or “Very Satisfied” with the overall quality of the training 
workshop. 80% of the participated responded that their 
knowledge after the workshop was from “Moderate” to “Very 
High”. Some of the demos had no classroom portion, and 
the local participants brought their own poultry of different 
species to process. Regardless of the agenda, the 
carcasses were either delivered to local Food Banks or taken 
home by the participants. The demos done in 2023 have 
provided more than 200 carcasses to Food Banks and 
Senior Centers. This activity creates a win-win learning 
situation while providing food to the local public, Food Banks 
and Senior Centers. 
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Immunology, Health and Disease: Feed Additives I

166 Role of Feed Additives for Improving Health and 
Controlling Disease in Poultry. Lisa Bielke*1; 1North 
Carolina State University, Prestage Department of Poultry 
Science, Raleigh, North Carolina, United States. 

During the last 25 years, the science of controlling disease 
via feed additives has grown tremendously in terms of 
efficacy and availability of options, including direct fed 
microbials, immune potentiators, organic acids, phytogenics, 
monoglycerides, and others. Alongside developing research 
strategies to invent new additives, scientists must also 
implement methodologies to study these additives and apply 
them to production systems. Important to this process is the 
need to understand mechanisms of action for potential 
products, establish research models for diseases and 
conditions of concern, and methodically apply knowledge 
into a variety of management systems. Furthermore, 
scientists in academia and industry positions need to work 
together to create a body of knowledge within their field that 
demonstrates both the advantages and limitations of feed 
additives in order to effectively develop products and 
strategies to apply in commercial production. This 
presesntation will review the history of feed additives, 
mechanism of action for selected classes, and strategies for 
researching compounds in a field with emerging diseases 
and changing consumer focus. 

167 The effect of gut microbiota-derived carnosine on 
mucosal integrity and immunity in broiler chickens 
challenged with Eimeria maxima. Inkyung Park*1, 
Hyoyoun Nam1, Doyun Goo2, Samiru S. Wickramasuriya3, 
Alexandra H. Smith5, Hyun Lillehoj4; 1USDA-ARS, Beltsville, 
Maryland, United States; 2University of Georgia, Poultry 
Science, Athens, Georgia, United States; 3USDA-
Agricultural Research Service, Beltsville, Maryland, United 
States; 4USDA, Beltsville, Maryland, United States; 5Arm & 
Hammer, Waukesha, Wisconsin, United States. 

Two studies were conducted to evaluate the effects of gut 
microbiota-derived carnosine on maintaining intestinal 
homeostasis against avian coccidiosis. In the first study, 
an in vitro culture system was used to investigate the effects 
of carnosine on the proinflammatory cytokine response of 
chicken macrophage cells (CMCs), gut integrity of chicken 
intestinal epithelial cells (IECs), differentiation of quail 
muscle cells (QMCs) and primary chicken embryonic muscle 
cells (PMCs), and anti-parasitic effect against Eimeria 
maxima. Cells to be tested were seeded in the 24-well plates 
and treated with carnosine at concentrations of 0.1, 1.0, and 
10.0 µg. CMCs were first stimulated by lipopolysaccharide 
to induce an innate immune response, and QMCs and PMCs 
were treated with 0.5 and 2% fetal bovine serum, 
respectively before they were treated with carnosine. After 
18 h of incubation, cells were harvested and RT-PCR was 
performed to measure gene expression of proinflammatory 
cytokines of CMCs, tight junction (TJ) proteins of IECs, and 
muscle cell growth markers of QMCs and PMCs. In the 
second study, in vivo trials were carried out to study the 
effect of dietary carnosine on disease parameters in broiler 
chickens infected with E. maxima. One hundred and twenty 
male broiler chickens (0-day-old) were allocated into the 
following four treatment groups: (1) basal diet without 
infection (NC), (2) basal diet with E. maxima (PC), (3) 

carnosine at 10.0 mg/kg feed with E. maxima (HCS), and (4) 
carnosine at 1.0 mg/kg feed with E. maxima (LCS). Body 
weights (BW) and average daily gain (ADG) were measured 
on 0, 7, 14, 20, and 22 days. All groups except the NC 
chickens were orally infected with E. maxima on day 14. 
Jejunal samples were collected for lesion score, and the 
transcriptomic analysis of cytokines and TJ proteins. Data 
were analyzed using the Mixed procedure in SAS. In vitro, 
carnosine did not affect the expression of TJ proteins in IECs 
and decreased gene expression level of IL-1β in the LPS-
stimulated CMCs. In vivo, HCS increased BW and ADG of 
chickens in E. maxima infected groups and reduced jejunal 
lesion score and fecal oocyst shedding. Jejunal IL-1β, IL-8, 
and IFN-γ expression were suppressed in HCS group 
compared to PC. Claudin-1 and occludin were also 
increased by HCS. In conclusion, these results demonstrate 
the beneficial effects of dietary carnosine on intestinal 
immune responses and barrier integrity in broiler chickens 
challenged with E. maxima. Furthermore, the present finding 
supports a notion to use microbial metabolites as novel feed 
additives to enhance resilience in animal agriculture. 

168 A saponin-aluminosilicate blend promotes 
resilience to coccidiosis in broilers. Madri Brink1, Jordyn 
Samper*1, Brecht Bruneel1, Arno van der AA1, Cooper 
Fritzlen2, Mike Persia2; 1Orffa Additives B.V., Breda, 
Netherlands; 2Virginia Tech, Blacksburg, Virginia, United 
States. 

The use of feed additives to control Eimeria infections and 
improve intestinal health can assist in combating negative 
effects of coccidiosis when antibiotics are removed from the 
diet. A trial was completed to study the effect of a blend 
of Quillaja saponaria extract, a source of triterpenoid 
saponins, and an aluminosilicate (Excential Sapphire Q, 
Orffa Additives B.V.) in broilers raised on used litter. A total 
of 1152 one-day-old Ross 708 male broilers were divided 
over four treatments, each with 12 replicates: a positive 
control reared on clean litter, with no additive or coccidiostats 
in the feed (PC); a negative control reared on used litter, with 
no additive or coccidiostats in the feed (NC); a NC with 60 
ppm coccidiostat (salinomycin) added to the feed (NC+sal); 
a NC with the saponin-aluminosilicate blend (containing 30 
ppm Quillaja saponaria extract) in the feed (NC+SapQ). 
Used litter was generated by housing chicks that received a 
10x dose of Coccivac® B52 via feed for two days and raised 
until 18 days of age to allow birds to shed oocysts. Litter was 
then mixed and redistributed into pens. Body weight gain 
(BWG) and mortality corrected feed conversion ratio 
(FCRm) were measured from 0-16d, 0-29d, and 0-42d. 
Fresh excreta was collected and pooled on days 11-13, 17-
19, and 21-23. Results were analyzed using ANOVA with 
significance set at 0.05. In case of significant effects, Tukey’s 
multiple comparisons test was used to determine differences 
among treatment means. The BWG between 0-16d and 0-
29d (P = 0.009 and P = 0.018, respectively) was lower for 
NC compared to PC, and higher for NC+sal than the NC. A 
significant effect was observed for BWG between 0-42d (P 
= 0.030) where BWG was higher in the NC+sal fed birds 
compared to the NC, with the NC+ SapQ and PC groups 
being intermediate between NC and NC+sal. The FCRm did 
not differ significantly between 0-16d and 0-29d (P = 0.127 
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and P = 0.225, respectively). A trends was observed for the 
0-42 d FCRm (P = 0.054), though the post hoc test revealed 
that the NC+sal treatment had (P = 0.04) improved FCRm 
(1.55) compared to the NC (1.60), and the NC+SapQ fed 
birds were intermediate between the two groups, with a 
FCRm of 1.56. In 22-24 day oocyst shedding a trend was 
observed (P = 0.063). The post hoc test revealed that oocyst 
shedding was the lowest in PC (15,584 oocysts/g) and 
highest in NC (198,028 oocysts/g). Notably, Eimeria oocysts 
shed were similar for NC+sal (119,401 oocysts/g) and 
NC+SapQ (116,165 oocysts/g) fed birds. It can be 
concluded that the combination of Quillaja saponaria extract 
and aluminosilicate could potentially ameliorate the negative 
effects of coccidiosis using a reused litter model. 

169 Evaluation of the effectiveness of different 
anticoccidial formulations on the performance 
parameters and intestinal lesion score of broilers 
experimentally challenged with coccidiosis. Rafael 
Neme*1, Ellen Fukayama4, Maria Carolina Tonelli2, Mariana 
Rosetti2, Lizandra Amoroso3; 1BITA, Research and 
Development, Ribeirão Preto, SP, Brazil; 2M.Cassab, 
Animal Health, São Paulo, SP, Brazil; 3FCAV - UNESP, , 
Jaboticabal, SP, Brazil; 4BITA, Technical Director, Ribeirão 
Preto, SP, Brazil. 

The aim of this trial was to evaluate different anticoccidials 
additives on the performance and intestinal lesion score of 
broilers experimentally challenged with a standardized 
inoculum (1 ml/bird by gavage at 14 days) containing three 
Eimerias (E. maxima, E. acervulina and E. tenella). A total of 
900 one day old chicks were housed in a completely 
randomized design in 5 treatments with 6 replicates of 30 
birds. The experimental period was 42 days, and the feeds 
were formulated according to the nutritional guidelines for 
each life stage. The performance of the birds was carried out 
at 14, 21, and 42 days for Weight Gain (WG), Feed Intake 
(FI) and Feed Efficiency (FE), and the intestinal lesion score 
was performed at 21 days. The groups were T1: Negative 
Control (NC without anticoccidial), T2: Salinomycin (72), T3: 
Monensin (132), T4: Salinomycin + 3-Nitro (72/44) and T5: 
Monensin + 3-Nitro (121/44), all the doses in ppm. The data 
were submitted to a variance analysis by the software SAS 
Studio (2022) - Tukey 5%. For the variables WG and FE at 
14 days of age, no difference was found between the 
treatments. At this age only T3 showed lower feed intake 
(p<0.0037). For the variable WG at 21 days, a difference 
(p<0.0001) was detected between the groups, with the NC 
having the worst result, followed by the ionophores groups 
and the best results being for associations with 3-Nitro. At 
42 days only the 3-Nitro associations showed a higher WG 
(p<0.0004). The feed intake at 21 days showed the same 
behavior as the WG at this age, with 3-Nitro associations 
having higher intakes (p<0.0005). At the end of the study a 
difference (p<0.0244) was detected only between 
treatments T3 vs T5 for FI, with these treatments having the 
lowest and highest consumption respectively. For the FE 
variable, the NC showed the worst result at 21 days, 
evidencing the negative effect of the inoculum (p<0.0001). 
Treatments T3, T4 and T5 showed the best results for FE, 
with T2 being intermediate to these treatments. At the end of 
the study, it could be observed that the T4 treatment 
delivered the best FE, being better than all groups and 
negative control (p<0.0019). When analyzing the score of 
intestinal lesions for coccidiosis, the worst result was NC 
(2.83), followed by T3 (2.58), T2 (2.08) and the best results 

for the treatments T4 (1.42) and T5 (0.75), respectively. It 
can be concluded in this study that the strains of Eimeria 
isolated in the field and used as a challenge in this test 
caused losses in the performance of the birds and that the 
ionophores used in association with 3-Nitro showed the best 
results for WG, FI and intestinal lesions. For the variable FE 
at the end of the trial, the T4 treatment delivered the best 
result. 

170 Growth, organs weight, plasma biochemistry, and 
antibody titers against infectious bronchitis and 
Newcastle diseases in broiler breeder pullets fed 
enzymatically treated yeast from hatch through to 22 
weeks of age. Anderson N. Maina*1, Hagen Schulze3, Elijah 
Kiarie2; 1University of Guelph, Animal Bioscience, Guelph, 
Ontario, Canada; 2University of Guelph, Animal 
Biosciences, Guelph, Ontario, Canada; 3Livalta, 
Peterborough, United Kingdom. 

Effects of feeding enzymatically treated yeast (ETY) on 
growth, select organ weight, plasma biochemistry and the 
concentration of antibody titers against infectious bronchitis 
(IBD) and Newcastle diseases (ND) vaccination were 
investigated in broiler breeder pullets. A total of 480 d old 
Ross 708 pullets were placed in 24-floor pens (20 birds/pen) 
based on body weight (BW) in two rooms. Two diets, a 
control or Control+0.05 % ETY, were formulated to meet 
specifications in three phases: Starter (0-4 WOA), grower (5-
18 WOA) and pre-lay (19-22 WOA) and allocated using a 
completely randomized block design. Birds had free access 
to water and were fed as per breeder guidelines based on 
biweekly average pen BW. Starting at 2 WOA, half of the 
birds/pen were wing tagged for individual BW to calculate 
uniformity (CV). The pen BW was monitored biweekly for 
growth trajectory. On 18 WOA, pullets were given routine 
booster IBD and ND vaccines, and five days post-
vaccination, one bird/pen was bled via the wing vein for 
antibody titers. At 22 WOA, one bird/pen was bled for plasma 
biochemistry and subsequently euthanized, weighed and 
dissected for empty gizzard and small intestine, spleen, liver, 
bursa, and breast weight. Pen was the experimental unit; 
Proc Glimmix statistical model had fixed effects of diet, time 
(biweekly), and associated interactions as the fixed effects 
for BW CV and diet for the rest of the parameters. In the 
starter phase, birds fed ETY were lighter and gained less 
(P=0.039) than control birds. However, there were no diet 
effects (P>0.05) on growth and BW in the grower, pre-lay 
phase and overall. The BW at 22 WOA was 2216.7 and 
2112.2 g/bird for the control and ETY birds, respectively. The 
suggested BW at this age in breeder guidelines was 2245 
g/bird. Diets had no effects (P>0.05) on BW CV, gizzard, 
small intestine, liver, spleen, bursa weights, plasma 
biochemistry, and antibody titers. However, a tendency 
(P=0.051) was observed for the spleen, with ETY birds 
exhibiting 25% heavier spleen than control birds. Plasma 
concentration of aspartate aminotransferase (AST) tended 
(P=0.078) to be lower for ETY birds than for control birds. 
The BW CV at 22 WOA was 12% for control and ETY birds. 
In conclusion, the parameters assessed showed no negative 
consequences of feeding ETY and the birds’ growth was 
commensurate with breeder guidelines. However, the trends 
of ETY on the spleen and plasma AST may indicate modest 
modulation of immunity and metabolism. The impact of the 
provision of ETY during the broiler breeder pullet phase on 
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reproductive performance and chick quality should be 
investigated. 

171 Glycerides of lauric acid supplementation in the 
chicken diet enhances the humoral and cellular immune 
response to infectious bronchitis virus. Amine Mellouk1, 
Tim Goossens1, Wanderley Quinteiro-Filho*1, Virginie 
Michel1, Nuria Vieco2, Olga Lemâle1, Haitham Yakout3, 
Jessika Consuegra1; 1Adisseo, Sint-Niklaas, Belgium; 
2Adisseo, Malicorne, France; 3Adisseo, Raleigh, North 
Carolina, United States. 

Glycerides of lauric acid (GLA) have been reported to have 
immune modulatory properties, aside from having anti-
microbial effects. In the current study, we aim to determine 
the effects of GLA supplementation to chickens’ diets on the 
humoral and cellular immune response to an infectious 
bronchitis virus (IBV) in vivo model. One-day-old Ross 308 
male broilers were raised in modular cages and randomly 
distributed in 3 experimental group: non-vaccinated and 
supplemented with GLA at 3 kg/T (GLA+IBV-), 
vaccinated via eye-nose drops with live attenuated IBV 
without GLA supplement (GLA-IBV+) or vaccinated and 
supplemented with GLA (GLA+IBV+). Blood/serum and 
spleen samples were collected at day 7 and day 28, 
respectively. Antibody quantification was done by indirect 
ELISA on broiler serums. Cellular immune response was 
evaluated by chicken IFN-gamma ELISpot after 24h ex vivo 
stimulation of splenocytes with Concanavalin A (Con A) or 
IBV peptide N-261-280. Cytokine quantifications were 
performed by multiplex ELISA (Luminex®) on spleen protein 
lysate. Analytical values were analyzed with one-way 
ANOVA and Tukey’s honestly significant difference (HSD). 
Statistical significance was considered at p < 0.05. 
In the GLA+IBV+ tissues, we observed the following, as 
compared to the tissues of the other two groups. Early (day 
7) specific anti-IBV titers were significantly increased, 
showing a better primary immune response. At day 28, 
splenocytes numbers were significantly decreased, but 
peripheral blood mononuclear cells numbers were not 
affected. Macrophages markers MCSF and secretion of IL-6 
cytokine were significantly reduced. Basal cytokines 
secretions of pan (IL-2 and IL-16), Th1 (IFN-γ) and Th17 (IL-
21) T cell response remained unaffected. However, after 
exposure to IBV antigens or Con A, the 
GLA+IBV+ splenocytes displayed significantly higher IFN-γ 
activation and effector abilities, as shown by an increase of 
spot numbers and surfaces in the ELISpot assay. 
In summary, first we show here that GLA supplementation in 
the feed improves the intensity and the kinetics of primary 
humoral immune response of IBV-vaccinated broilers. 
Second, GLA enhanced the levels of global and specific 
cellular immune response mediated by Th1 and Cytotoxic T 
lymphocytes. Altogether, we show in vivo how glycerides of 
lauric acid supplementation in the diet might enhance 
chicken resilience against pathogenic challenges by 
strengthening their immune response. 

172 The effect of a blend of 1-Monoglycerides on 
performance, intestinal morphology and immune 
response in broilers challenged or not with Eimeria spp. 
and Clostridium perfringens. Ricardo M. Hayashi*1, Ana 
Caselles1, Paulo Bennemann1, Manuela Parini2, Bruna L. 
Belote3, Diogo Taschetto4, Andre Favero4, Sergio L. Vieira5, 
Liris Kindlein5; 1SAN Group Biotech, Campinas, Brazil; 2Silo 

International, Firenze, Italy; 3ISI Institute, Londrina, 
Brazil; 4Granja Santa Lívia, Garibaldi, Brazil; 5UFRGS, Porto 
Alegre, Brazil. 

Monoglycerides (MGL), esterified adducts of a fatty acid and 
a glycerol molecule have shown either bacteriostatic or 
bactericidal effects against G+ and G- bacteria with 
immunomodulatory effects. They are pH independent, less 
susceptible to enzymatic breakdown and active through 
intestine and systemically. A trial was conducted to evaluate 
the effect of a blend of nine MGL (Celtz® GH 110 - SAN 
Group) in broilers challenged or not with Eimeria spp. 
and Clostridium perfringens on performance, intestinal 
morphology, and immune response. A total of 1,408 one-
day-old male chicks (Cobb 500) were housed in a 
commercial farm (64 floor pens of 1,5m x 1,5m, reused litter) 
from 1 to 42 days of age, distributed in a completely 
randomized design of 8 treatments, 8 replicates with 22 birds 
each. It was used a 2x4 factorial design (challenged or not 
versus no product; MGL at 750g/ton; MGL at 1,000g/ton; and 
enramycin 10 ppm at pre-initial and grower, 5 ppm at 
finisher). Mash diet based on corn-soy all vegetable feeds in 
a 3-phase feeding program (starter: 0 to 21d; grower: 22 to 
35d, finisher: 36 to 42 d) were used. Feeds and water were 
provided ad libitum. At day 3, only challenged groups 
had Eimeria live vaccine 20x the manufactured 
recommendation dose. At day 10, 11 and 12, a pathogenic 
strain of Clostridium perfringens type A from field was 
offered at 1 x 108 CFU/mL/bird/day by oral gavage. At day 
21, 1 bird per replicate (8/treatment) was sampled for 
cytokines quantification (serum for TNF-α and IL-6) and ileal 
integrity by ISI histology method. Non-parametric data was 
compared by Kruskal Wallis test and parametric data was 
compared by ANOVA, followed by Tukey test. Challenge 
model was able to worsen all performance parameters from 
1 to 42 days (P<0.05), but no significant differences were 
observed in products comparison (P>0.05). However, 
without challenge model, MGL at 750g/ton improved 
numerically weight gain (2,985 vs 3,900) and feed 
conversion (1,672 vs 1,652) compared to control, while in 
challenge conditions, MGL 1,000 g/ton improved weight gain 
(2,877 vs 2,993) and feed conversion (1,706 vs 1,688) 
compared to control (P>0.05). In challenge conditions, MGL 
750g/ton had lower IL-6 compared to control group (P<0.05). 
In histological analysis following ISI method, MGL at 
750g/ton presented an improvement of villus health 
compared to control and enramycin group (P<0.05), mainly 
for causing less scores in thickness and presence of 
inflammatory infiltration in lamina propria, congestion, and 
presence of oocysts (P<0.05). MGL, mainly at 750g/ton, 
influenced positively IL-6 modulation and improved intestinal 
health parameters in different challenged conditions. 

173 A comparison between two application strategies 
of a dual strain waterline probiotic during a mild necrotic 
enteritis challenge. Sasha van der Klein*1, Alexander 
Yitbarek12, Kirsty Gibbs1; 1Danisco Animal Nutrition & 
Health, Oegstgeest, Select One, Netherlands; 2McGill 
University, Animal Science, Ste-Anne-de-Bellevue, Quebec, 
Canada. 

The incidence of necrotic enteritis (NE) in broilers is 
increasing globally due to the reduced use of antibiotics. 
However, there is little comparison data on effective 
application strategies of antibiotic alternatives. This study 
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compared daily and alternate day application of a dual strain 
probiotic administered via the waterline 
containing Lactobacillus acidophilus AG01 
and Bifidobacterium animalis subsp. Lactis AG02 under 
mild NE challenge. The study included four treatments: a 
non-challenged control (NC), a challenged control (CC), and 
the CC supplemented either every day (ED) or alternate 
days (AD) with the dual probiotic at a dose of 1 x 
108 CFU/bird/application day. Male Cobb500 birds were 
placed on reused shaved litter. All treatments except the NC 
received a 10 x dose of COCCIVAC®-B52 (Merck Animal 
Health) on d 14, followed by three applications via oral 
gavage of 1 x 108 CFU CP (netB+ strain) at d 18, 19 and 20. 
Diets were corn/soy based and fed ad libitum in three 
phases; starter (0-14 d), grower (15-28 d), and finisher (29-
42 d). Feed intake and bodyweight (BW) were measured at 
d 0, 14, 21, 28, and 42, and mortality corrected FCR was 
calculated. NE lesion scores were recorded on d 21 and d 
28 on 5 birds per pen using a 0-4 scoring system. Data were 
analyzed by one-way ANOVA and means were separated 
by Tukey’s HSD. The NE challenge reduced d 42 BW by 
9.4% (P < 0.001), increased FCR by 4.8 % (P < 0.001), but 
did not reduce livability significantly (98.7% to 97.5%, P = 
0.34). At d 28, NE induction was 60% in the CC vs 13% in 
the UC and overall NE lesion scores were significantly 
increased (0.87 vs 0.13, respectively, P < 0.001). Lesion 
score of only NE positive birds (score > 1) was higher in the 
CC (1.44) compared to the UC and the DFM treatments at d 
28 (1.00, P <0.05). These results indicate the model induced 
mild NE challenge. The application of the probiotic ED or on 
AD statistically improved performance (P<0.05) compared to 
the CC and was comparable to the UC: BW at d 42 was 
2937g, 2660g, 2885g, and 2912g and overall FCR was 1.84, 
1.93, 1.85, and 1.84 for the NC, CC, AD, and ED treatments 
respectively. The ED and AD application decreased the 
overall lesion score to 0.33 and 0.25, respectively. In 
conclusion, both ED and AD application of dual probiotic 
improved bird performance and reduced NE lesions, 
however ED application yielded numerically better 
performance, lower NE induction levels, and lower lesion 
scores vs AD. These results were obtained under a single 
challenge period and very mild NE severity. Field conditions 
may include repeated challenge episodes and increased 
severity. It will need to be evaluated whether in such 
situations alternative applications may be advisable. 

174 In vitro screening and selection of eubiotics 
possessing immunomodulatory and anti-Clostridium 
perfringens properties. Feba John2, Carissa Gaghan2, 
Jundi Liu*1, Ross Wolfenden1, Raveendra 
Kulkarni2; 1Eastman Chemical Company, Kingsport, 
Tennessee, United States; 2North Carolina State University, 
Department of Population Health and Pathobiology, Raleigh, 
North Carolina, United States. 

Eubiotics have gained ample attention for their use as 
water/feed additives in poultry to control enteric burden of 
pathogens, including Clostridium perfringens. While several 
new eubiotics are being introduced commercially, it is 
essential to devise an in-vitro model to screen these 
compounds for their superior immunomodulatory and 
antimicrobial properties before they are tested in vivo. Here, 
we used 10 eubiotic compounds to develop a chicken 
macrophage cell-line (MQ-NCSU)-based model to test their 
immunological and anti-C. perfringens properties. These 

eubiotics were Monobutyrin, Monolaurin, Calcium butyrate, 
Tributyrin, Carvacrol, Curcumin, Green tea, Rosemary 
extract, Myristate and Tartaric acid. First, an optimal 
concentration for each eubiotic exhibiting no cytotoxicity was 
selected by measuring cell death. Next, macrophages were 
treated with eubiotics for 6, 12 and 24 h and expression of 
Interferon (IFN)-γ, Interleukin (IL)-1β, IL-6, IL-10, 
Transforming Growth Factor (TGF)-β and CD40 genes and 
Major Histocompatibility Complex (MHC)-II protein 
expression were evaluated. At 6 h post-stimulation, 
Monobutyrin, Calcium butyrate, and Green tea treatments 
could significantly downregulate IFN-g, IL-6 or IL-1b 
transcription, while the IL-10 or TGF-b gene expression in 
these treatments as well as those receiving Rosemary 
extract and Tartaric acid was significantly upregulated, when 
compared to untreated control. The MHC-II expression in 
these treatments was significantly downregulated compared 
to control. These observations suggested that these five 
compounds possessed immunomodulatory properties. 
Finally, pre-treatment of macrophages with the selected five 
eubiotics for 24 h followed by C. perfringens infection 
showed that Monobutyrin, Green tea, Rosemary extract and 
Calcium butyrate treatments inhibited bacterial growth 
significantly at 12 and/or 24 h post-infection, when compared 
to untreated control. Collectively, the current avian 
macrophage cell-based in-vitro model can be used to screen 
and select eubiotics possessing both immunomodulatory 
and antimicrobial properties such that the selected eubiotics 
can further be tested in-vivo for their disease prevention 
efficacy. 

175 Probac-seq technology, a powerful tool to screen 
new solutions impacting NetB and Clostridium 
perfringens cytotoxicity. Kirsty Gibbs*1, Jeffrey P. 
Meisch3, Melanie Brennan3, Adam Z. Rosenthal4, Gerda 
Saxer3, Marion Bernardeau1,2; 1IFF Danisco Animal Nutrition 
& Health, Innovation, Caen, , France; 2Normandy University, 
UNICAEN, ABTE, CAEN, France; 3IFF, Health and 
Biosciences, Wilmington, Delaware, United States; 4UNC 
Medical School, Department of Microbiology and 
Immunology, Chapel Hill, North Carolina, United States. 

Necrotic enteritis (NE) caused by C. perfringens is a 
reemerging threat to the poultry industry following mounting 
pressure to reduce antibiotic use. As a means for developing 
more consistent antibiotic alternatives, the aetiology and 
characteristics of intestinal challenges must be fully 
elucidated. Here we show the power of ProBac-seq, 
a probe-based bacterial single cell sequencing method that 
analyzes transcriptional variation across individual cells 
within a clonal population, to study interactions of soluble 
factors produced by probiotic with a pathogen. The C. 
perfringens strain studied was isolated from broilers with 
clinical NE, referenced as 25037-CP01 and confirmed for 
CPA+ and NetB+. The tested cell-free supernatant (CFS) 
was harvested from the probiotic strain B. animalis subsp. 
lactis AG02 grown in MRS and tested at 2.5 or 5%. We 
report gene expression, production of NetB and the 
cytotoxicity of C. perfringens 25037-CP01, grown in 
unchallenged conditions and in the presence of the AG02 
CFS. Following incubation, C. perfringens cells were 
harvested and prepared for ProBac-seq according to 
McNulty et al. (2023). NetB western blot (WB) and HT-29 
enterocytes were used to assess changes in toxin 
production and cytotoxicity of C. perfringens. AG02 CFS 
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reduced production of NetB in WB, and cytotoxicity of 
supernatant from C. perfringens was reduced by 60% 
(p<0.05) in the presence of 5 % AG02 CFS. Following 
analysis of the transcriptomes of single C. perfringens cells, 
we demonstrate cells grown in the presence of 2.5% AG02 
CFS numerically have reduced netB expression while 5% 
AG02 CFS significantly reduced the overall netB expression 
compared to control (p < 0.0001, Welch t-Test). Overall, we 
report here heterogeneous gene expression in C. 
perfringens populations, with the netB toxin gene being 
predominately expressed by a subset of cells. We further 
show that the probiotic B. animalis subsp. lactis AG02 CFS 
changed overall gene expression and community 
organization of the C. perfringens population. These in 
vitro results introduce a novel strategy to identify new targets 
within a population of C. perfringens. Consequently, this 
technology and information released thereof can be applied 
for the development of antibiotic alternatives like next 
generation probiotics. 

176 Bacillus subtilis DSM 32315 attenuates the 
negative effects of subclinical necrotic enteritis 
challenge on the growth performance and apparent ileal 
amino acid digestibility in broilers fed different dietary 
protein levels during and post challenge period. Hong 
Nguyen2, Kosar Gharib-Naseri2, Nadia Yacoubi*1, Alip 
Kumar3, Shubiao Wu2; 1Evonik Operations GmbH, Nutrition 
and Care, Hanau-Wolfgang, Germany; 2University of New 
England, School of Environmental and Rural Science, 
Armidale, New South Wales, Australia; 3University of New 
England, Animal Science, Armidale, New South Wales, 
Australia. 

Probiotic administration in broiler feed to alleviate the 
performance compromised by subclinical necrotic enteritis 
(NE) is of increasing interest due to its ability to improve 
intestinal health and stimulate nutrient digestion. Such 
effects can also facilitate the concurrent efforts to apply 
reduced-crude protein (RCP) in formulation for reducing 
nitrogen and ammonia emissions and improving flock health 
in broilers. Also, bird sex may cause different responses to 

probiotics and/or RCP feeding, due to their differences in 
nutrient requirements. However, information about the 
effectiveness of probiotic supplementation to control NE 
challenge in consideration of the protein level and bird sex is 
lacking. Therefore, this study aimed to evaluate the capacity 
of Bacillus subtilis DSM 32315 strain on alleviating negative 
consequences of NE on performance and nutrient 
digestibility in male and female birds fed different protein 
levels during and following subclinical NE challenge. A total 
of 1440 day-old Cobb 500 broilers were sexed at day 0, and 
males and females were allocated separately to have 16 
treatment groups in a 2 × 2 × 2 × 2 factorial arrangement, 
with 6 replicate pens of 15 birds each. The factors were: (1) 
challenge (No or Yes); (2) crude protein (CP) level (Standard 
- SCP or Reduced at 2% - RCP); (3) probiotic (0 or 500 g/t, B. 
subtilis DSM 32315 strain at 2 × 109 cfu/g) and (4) sex (male 
or female). Birds were challenged with Eimeria spp. on day 
9 and Clostridium perfringens (NE18 strain) on days 14 and 
15. The effect of the probiotic on bird performance during 
and following NE challenge (d10-24) and amino acid (AA) 
digestibility (on d35) was evaluated. Data were analysed 
using the general linear model (GLM) procedure (Minitab, 
version 21.2) with significance at 0.05. NE challenge 
impaired performance and digestibility of the majority of AAs; 
in which FCR was further compromised in birds fed RCP 
diets (P < 0.05). Feeding RCP caused an inferior FCR and 
WG despite significantly improving the digestibility of AAs 
(P < 0.05). Probiotic fully restored the impaired digestibility 
of most AAs in NE-challenged birds to similar levels to those 
of non-challenged groups (P < 0.05), thereby improving FCR 
(P < 0.01). A similar effect was observed on the performance 
of birds fed RCP with probiotic; importantly, within the group 
fed RCP diets, the NE challenged-birds displayed greater 
response to dietary probiotic than the non-challenge group 
and male birds gained more weight than female birds. In 
conclusion, dietary probiotic supplementation could 
attenuate the detriments of subclinical NE challenge and/or 
feeding RCP on performance and nutrient utilisation for 
broilers during and following NE-challenge. 
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Metabolism and Nutrition: Vitamins and Minerals

177 A Review of Vitamin Recommendations in Broiler 
Breeders. Hugo Romero-Sanchez*1, Dinabandhu 
Joardar2; 1Novus International, Wake Forest, North 
Carolina, United States; 2Cargill, Animal Nutrition, Elk River, 
Minnesota, United States. 

Vitamins are nutritional organic elements essential for 
development, growth, and metabolism of cells in small 
quantities. Vitamins are well deposited into eggs and 
deficiencies under commercial conditions rarely occur; 
however, there is an increasing interest in studying the role 
of high vitamin supplementation in broiler breeders to 
improve breeder and broiler performance. This review 
reports the recommendations for dietary supplementation of 
vitamins from various organizations that reflect practical 
conditions of the broiler breeders in different regions under 
practical husbandry conditions. Vitamin recommendations 
differ between organizations, genetic lines, and premixes 
suppliers. Difference depends on the literature review, 
practical experience and reflects type of diet. 
Recommendations for wheat diets tend to be higher than for 
corn diets, and recently Aviagen (2022) have increased 
vitamin recommendations to reflect the genetic improvement 
in feed conversion and growth rate. Since vitamins are 
required in low amounts, their cost in the feed represents a 
low percentage (1-2%), that might justify an increment in 
supplementation, to overcome fluctuations in environmental 
temperatures, diseases, stress, biological variations, diet 
composition, bioavailability and nutrient interactions. 
However, the cost of fortifying the ration with vitamins should 
be weighed against the breeder and progeny performance 
and health. Some vitamins have been studied more 
extensively than others, and for example dietary 
recommendations of vitamin E have increased to improve 
semen quality and fertility, while natural antioxidants might 
partially replace the need for those high levels. On the other 
hand, different metabolites of vitamin D have shown to 
improve calcium absorption, breeder, and progeny 
performance. As intake and utilization of vitamins from 
feedstuffs are unpredictable due to variable content, 
bioavailability, and feed processing it is safer to cover the 
entire vitamin requirement of poultry through dietary 
supplementation, and the practical levels should be 
determined according with biological and economic reasons. 

178 Effects of vitamin D source on egg production 
and quality in end-of-cycle laying hens. Doug Korver*2, 
Kathrin Buehler1, Jan Dirk Van der Klis1, Emmanuel Opoku-
Yeboah2; 1Herbonis Animal Health GmbH, Augst, BL, 
Switzerland; 2University of Alberta, Agricultural, Food & 
Nutritional Science, Edmonton, Alberta, Canada. 

Laying cycles in excess of 100 weeks require nutritional 
support to maintain egg production, hen health and shell 
quality. Lohmann Brown (LB) and White (LW) hens 
(n=336/strain) were housed in battery cages with 4 
hens/cage; treatments were evenly distributed among 7 
identical rooms. Experimental diets were: Control (2,500 IU 
vitamin D3/kg feed), 25OHD (Control plus 62.5 µg 25-OH 
vitamin D3/kg feed (DSM Nutritional Products) 
or PAN (Control plus 1 µg 1,25-(OH)2 vitamin D3/kg feed as 
Panbonis (Herbonis Animal Health GmbH)) fed from 74 to 
106 weeks of age. The basal diet provided 3.75% Ca and 

0.40% available P (avP) from 74 to 83, and 3.80% Ca and 
0.27% avP from 84 to 106 weeks. All diets contained 
phytase (1,000 FYT/kg feed, Ronozyme HiPhos GT, DSM 
Nutritional Products). From 84 to 106 weeks, diets were 
devoid of added inorganic P. Measurements were body 
weights at 8-week intervals, feed intake and feed conversion 
ratio (g feed/g egg), egg production during each 4-week 
period, and shell quality at 4-week intervals. Data were 
analyzed as a two-way ANOVA, based on strain and diet. 
Differences were considered significant at P < 0.05. LW 
hens had lower body weight throughout the trial, but a 
greater feed disappearance due to increased feed wastage. 
From 75 to 106 weeks, egg production of LW was greater 
than that of LB hens (84.07% vs 72.83%, respectively; SEM 
= 1.13%). In spite of feed wastage, LW hens had 5 to 15% 
lower FCR from 75 to 106 weeks, with the strain disparity 
increasing with age. Diet did not affect any of the preceding 
measures. Despite being smaller, LW laid larger eggs than 
LB hens at most ages. Both PAN and 25OHD reduced egg 
weight in LW hens, but each increased egg weight relative 
to the control in LB hens at 92 weeks; at 77 weeks this 
interaction was nearly significant (P = 0.06). PAN increased 
shell thickness at 78 weeks relative to 25OHD; at 87 weeks, 
specific gravity was nearly significantly decreased by PAN in 
LB, but there was no effect in LW hens (P = 0.06). Although 
there was no strain effect, PAN and 25OHD each nearly 
increased (P = 0.08) shell strength at 78 weeks. At 91 weeks, 
each treatment reduced shell strength relative to the control. 
LB had greater Ca digestibility than LW hens at 84 weeks 
(64.4% vs 49.1%, respectively, SEM = 4.6%), but there was 
no strain effect at 106 weeks. Ca digestibility was not 
affected by diet. LW had greater performance traits than LB 
hens, although there were infrequent strain differences in 
response to the vitamin D sources. Neither PAN nor 25OHD 
had a clear beneficial effect in end-of-cycle laying hens. 
Removal of supplemental inorganic P did not appear to have 
a detrimental effect in LW; the effect of removal was less 
clear on LB hens. 

179 Would correlative elemental imaging explain the 
assimilation of essential trace elements in eggshell? Iris 
Valido23, Rosa Mary Lopez Alvarez2, Florent Penen12, Maria 
Angels Subirana2, Stéphane Faucher4, Pascale Sénéchal4, 
Peter Moonen4, Sandra Mounicou2, Alessandra Monteiro*1, 
Dirk Schaumloeffel2; 1Animine, Meythet, France; 2CNRS, 
Université de Pau et des Pays de l’Adour, IPREM UMR 
5254, Pau, France; 3Universitat Autònoma de Barcelona, 
Centre GTS, Departament de Química, Barcelona, 
Spain; 4CNRS, Université de Pau et des Pays de l’Adour, 
DMEX IPRA FR 2952, , Paul, France. 

Broken eggs represent an important source of economic 
loss for the egg industry. Shell defects are even more often 
in old layer hens, which have eggs with a thinner shell. Trace 
mineral (TM) supplementation can help to improve the 
eggshell quality, thanks to the role of TM on shell formation. 
The objectives of this study were to evaluate the effect of TM 
supplementation on eggshell quality and understand how 
TM are incorporated into eggshell. 936 Leghorn layers (60 
weeks of age) were distributed in three treatments with 12 
replicates of 26 birds. Treatments were: negative control 
(NC) diet, without TM supplementation (54 ppm Zn, 60 ppm 



 

2023 PSA Annual Meeting Abstracts 88 
 

Mn); Zn diet, NC + 90 ppm of Zn from HiZox; Mn diet, NC + 
110 ppm of Mn from ManGrin (Animine, Annecy, France). 
After 20 weeks trial, eggs were collected and analyzed for 
fracture force, shell thickness and correlative imaging (X-ray 
tomography, Laser ablation LA-ICPMS, and NanoSIMS). 
Shell thickens was improved (P<0.05) by both Zn and Mn 
supplementation (0.35 mm) in comparison to NC (0.34 mm). 
However, fracture force was improved (P<0.05) when hens 
received Mn diet (37 N) than Zn or NC diets (35 N in 
average). Correlative imaging results (X-ray tomography 
and LA-ICPMS) showed that Mn and Zn are located in the 
outer membrane of the eggshell and in the cuticle, whereas 
Ca is mainly found in the palisade and mammillary layers. 
NanoSIMS images revealed that Ca in eggshell seems to be 
more present in Mn supplemented diets, which may be 
related to the impact of Mn on calcium-binding proteins, and 
would explain the better fracture force in these eggs. In 
conclusion, TM supplementation improves eggshell quality 
but the effect of Mn seems to be more important than Zn. 

180 Supplementation of organic trace minerals of 
lysine maintains chickens’ performance and reduces 
mineral excretion in feces compared to inorganic and 
organic sources of minerals. Tristan Chalvon-Demersay1, 
Romain Bouvet2, Josselin Le Cour Grandmaison*1; 1METEX 
NOOVISTAGO, Paris, Select One, France; 2ZOOTESTS, 
Ploufragan, France. 

Minerals (copper, zinc, manganese and iron) when they are 
supplied as inorganic form are associated with significant 
excretion in the environment and potential ecological 
damages. This urges to find ways to optimize their 
bioavailability. The aim of this study was therefore to 
compare the effects of iron (Fe), copper (Cu), zinc (Zn) and 
manganese (Mn) supplementation from different sources on 
performance and mineral excretion of broilers. Organic trace 
minerals (OTM) of lysine (Mizinate) were compared to 
inorganic sources or OTM of glycine (Glycinate). 
1000 one day-old broilers (Ross 308) were randomly 
assigned to 5 treatments, each consisting of 10 pens. In the 
control treatment group (Control), minerals were provided 
with a full dose of trace minerals as sulfates or oxides : Cu, 
Fe, Zn and Mn at 12, 80, 60 and 85 ppm, respectively. In the 
Mizinate and Glycinate treatment groups, minerals were 
provided with a the same dose as organic trace minerals of 
lysine or glycine, respectively. In the last two treatment 
groups, ½ Mizinate and ½ Glycinate, minerals were provided 
at half the dose as organic trace minerals of lysine or glycine, 
respectively. Feed intake (FI), average daily gain (ADG) and 
feed conversion ratio (FCR) were monitored from d0 to d12 
and from d0 to d35. At day 35, muscle and feces samples 
wereare collected and mineral content were measured by 
ICP-OES. Differences were tested by one-way ANOVA, 
followed by Tukey post-hoc test (P < 0.05). 
Performance did not differ across treatment from d0 to d12 
or from d0 to d35 (P>0.05). In the feces, manganese and 
iron concentrations were significantly reduced in all 
treatment compared to the control group (P < 0.05) except 
for the Glycinate group. Mizinate and ½ Mizinate were 
associated with the lowest concentrations of manganese 
and iron in the feces. Zinc and copper concentrations were 
significnalty reduced only in ½ Mizinate and ½ Glycinate 
treatment groups compared to the control (P<0.01). 
In the muscle, only zinc and copper were detectable. Copper 
concentration did not vary across treatments (P>0.05). On 

the contrary, zinc concentration was significantly increased 
in the mizinate group compared to all groups (P<0.01). 
except the glycinate one where a trend could be observed 
(P = 0.074). In summary, this study suggests that OTM of 
lysine are an efficient source of minerals and are associated 
with improvement of mineral bioavailability marked by a 
reduction of mineral excretion in feces and an increased 
concentration in the muscle. Dose of minerals can be cut by 
half without impairing performance when minerals are 
provided as OTM of lysine or glycine. The metabolic fates of 
the four minerals still remain to be fully clarified. 

181 Effects of different sources and levels of copper 
and manganese on immune responses for broilers 
chickens challenged with E. coli LPS. Luigi A. Moreira*1, 
Karolina Von Zuben Augusto2, Priscila M. Groff-Urayama3, 
Cassio Y. Oura3, Fernanda Kaiser de Lima-Krenchinski3, 
Tatiane Souza dos Santos3, Paola Aparecida Damázio 
Rodrigues3, Jéssica M. Cruvinel3, Julianna Batistioli3, 
Carolina Santos3, José R. Sartori3; 1Selko Feed Additive, 
Mineral Program, Amersfoort, Utrecht, Netherlands; 2Selko 
Feed Additive, R&D, Campina, Sao Paulo, Brazil; 3São 
Paulo State University (UNESP), Animal Breeding and 
Nutrition Dept., Botucatu, , Brazil. 

In broiler nutrition copper and manganese are commercially 
available in organic, inorganic and hydroxychloride forms. 
The hydroxychloride form copper (IntelliBond® C - IBC) and 
manganese (IntelliBond® M- IBM) have emerged as a 
proven an alternative source of trace mineral 
supplementation and are known for their strong chemical 
bonds, which improves their stability in the diet and in 
gastrointestinal tract. Thus, the objective of the present 
study was to evaluate the effect of different sources and 
levels of Cu (Cu Sulfate monohydrate - CSM and IBC) and 
Mn (Mn sulfate monohydrate - MSM and IBM) on immune 
system parameters. A total of 1,920 1-d-old male Cobb 
chicks were allocated to eight dietary treatments in a 2x3+2 
factorial arrangement. The factors were two levels of IBC (15 
and 150 ppm) and three levels of IBM (40, 80 and,120 ppm) 
and two additional treatments that were the controls with 
sulfate source (15 ppm CSM + 80 ppm MSM and 150 ppm 
CSM + 120 ppm MSM), with 8 replicates of 30 birds each. 
The diets were based on corn and soybean meal according 
to the recommendations of each phase: pre-starter (d1-d7), 
starter (d8-d21), grower (d22-d35) using Rostagno et al. 
(2011) broiler nutritional recomendations. At 35 days of age 
12 birds per treatment were selected and were subjected to 
abdominal inoculation with E. coli LPS. At 48 hours after the 
challenge, abdominal liquid was collected of the birds for 
determination of nitric oxide (NO) and hydrogen peroxide 
(H202) production by macrophages (respiratory burst), 
activity of superoxide dismutase (SOD) in liver and white 
blood cells parameters were analyzed. ANOVA stadistical 
test was performed. Data were analyzed with Minitab® 18, 
and the means were compared by Tukey and Dunnett tests 
(P<0.05). Broilers fed diets containing 150 ppm IBC resulted 
in higher production of H2O2 and NO by macrophages 
(P=0.045). The supplementation level of 80 ppm IBM 
produced higher SOD activity, and nitric oxide production for 
broilers (P=0.025). Broilers supplemented with 80 and 120 
ppm of IBM resulted in higher basophil count than those who 
received 40 ppm IBM. In review, broilers supplemented with 
hydroxychloride sources had higher enzyme SOD activity, 
NO and H202 production when compared to sulfate sources. 
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In conclusion, the supplementation of broiler diets with 150 
ppm IBC increased NO and H2O2 production and 80 ppm 
IBM also increased NO production and SOD activity. This 
confirms that IntelliBond® C and IntelliBond® M can boost 
the chickens’ immune system and antioxidant production by 
increasing respiratory burst by macrophages when 
compared to the inorganic source. 

182 Effect of supplementation of different sources of 
trace mineral on growth performance of broilers 
chickens. Luigi A. Moreira*1, Karolina Von Zuben Augusto3, 
Josue J. Arroyo2, Carlos Lopez4; 1Selko Feed Additive, 
Mineral Program, Amersfoort, Utrecht, Netherlands; 2Trouw 
Nutrition Mexico, Guadalajara, Jalisco, Mexico; 3Selko Feed 
Additive, R&D, Campina, Sao Paulo, Brazil; 4Integración y 
Desarrollo Agropecuario S.A. de C.V. (INDEPESA), R&D, 
Tarimbaro, Michoacan, Mexico. 

New concepts for the feeding of trace minerals such as 
hydroxy chloride and organic sources used in broiler chicken 
nutrition, have consistently delivered higher metal 
bioavailability increasing broiler performance and improving 
gut health when compared to inorganic sources. Thus, the 
objective of the present study was to evaluate the effect of 
trace minerals supplementation from different sources 
(sulfate and hydroxy chloride & organic) on broiler 
performance (1-to 42-day-old), and intestinal morphometry 
of the duodenum (in first phase of gut development of the 
birds (11-day-old). A total of 1,650 1-d-old male Ross 308 
were randomly distributed among 3 dietary treatments with 
11 replicates per treatment. The negative control (NC) 
treatment was designed on basal diets formulated according 
to NRC (1994) with no added trace mineral; the positive 
control (PC) and the blend treatment (BT) were based on NC 
nutritional levels adding supplementation levels of some 
trace minerals from inorganic source like Iodine calcium (I 
2ppm), copper sulfate (Cu 12 ppm), iron sulfate (Fe 10 ppm), 
manganese sulfate (Mn 80 ppm), zinc sulfate (Zn 80 ppm), 
sodium selenite (0.3 ppm) or a synergistic blend of organic 
trace mineral (OTM) from metal proteinate for Cu (2ppm), 
Mn (10 ppm), Zn (10 ppm), Iron (10 ppm) , Selenium yeast 
(Se 0.1 ppm) combine with selenium selenite (Se 0.2 ppm), 
and hydroxy trace mineral (HTM) for Cu (10 ppm), Mn (70 
ppm) , Zn (70 ppm) espectively. On day 11, two birds per 
pen were sacrificed to evaluate the number of villi found in a 
surface of 1,000,000 µm2 (NV), as well as the total area of 
contact with nutrients (ATC). Data were analyzed under a 
one-way design with the general linear model, and the 
means compared by the Tukey’s test (P<0.05) (StatSoft. 
Statistics version 10.0, 2011). There was a significant 
interaction on body weight (BW), and feed conversion ratio 
(FCR) (P<0.005) within the treatments. Birds fed with BT 
showed increase final BW compared to PC, that was better 
than NC (P=0.001). Furthermore, the inclusion of BT reduce 
the FCR comparing to the other two treatments that did not 
include hydroxy chloride and metal proteinate of trace 
minerals. (NC and PC) (P=0.001). The NV and the ATC were 
significantly higher for BT than to the other treatments (NC 
and PC) (P=0.01). The results from this study indicate that 
an effective trace mineral nutrition feeding strategy is to 
include the supplementation of essential trace minerals in a 
balanced blend of hydroxy chloride and metal proteinate 
minerals for better performance and gut development of 
birds. 

183 Zinc sources provide different effects on 
performance, bone mineralization and on bacteria count 
in broiler. Alessandra Monteiro*1, Alain Corniaux2, Hervé 
Bezille3, Axel Minetto1; 1Animine, Meythet, France; 2Provimi 
France, Crevin, France; 3Feedeal, Bourgbarré, , France. 

Zinc sulfate (ZnSO4) is widely used in poultry nutrition and is 
considered the reference sources to assess bioavailability in 
poultry. In the latest decades, new sources emerged with the 
aim of providing more bioavailable Zn and additional benefits 
in comparison to sulfates. The objective of this study was to 
assess the efficacy of a different zinc sources versus the 
ZnSO4 source in broiler diets. A total of 2 880 one-day-old 
broilers (Ross 308) were distributed into 4 experimental 
treatments (8 pens/ treatment and 90 birds of both sex/ pen): 
control diet (control), with 70 mg/kg of Zn from ZnSO4; diet 
supplemented with 70 mg/kg Zn from a potentiated Zn 
source (PZ70; HiZox®; Animine, France); diet supplemented 
with 35 mg/kg Zn from potentiated Zn (PZ35); diet 
supplemented with 35 mg/kg from chelated zinc (CZ35). 
Broilers were fed experimental diets during the starter (1-
19d) and grower (20-35d) periods. Performance was 
measured at days 1, 10, 19 and 35. At d 18, before the diet 
change, cloaca content was collected by using swab 
technique and analyzed for E. coli count. At the end of the 
trial, birds were slaughtered and the carcasses from 80 male 
broilers per treatment was used for breast yield assessment. 
Tibia bones were collected for bone strength analysis (left 
tibia) and mineral content (right tibia). In the first 10 d of the 
trial, there was a tendency (P=0.10) for a higher BW for diets 
supplemented with 70 mg/kg Zn (average of 287 g); PZ35 
had intermediated values (285 g) and CZ the lowest ones 
(279 g). Data for E coli count at d 18 showed lower number 
of bacteria (P=0.08) for diets supplemented with 70 mg/kg 
Zn and with PZ35, with higher values for CZ35 (around 89% 
superior than PZ35). At 35 d of the trial, no statistical 
differences for BW were observed, however, birds fed CZ35 
presented better FCR (1.49) than the other treatments 
(average of 1.50 for PZ treatments and 1.54 for control). No 
differences on bone resistance (average of 242 N) nor on 
stiffness (average of 136 N/mm) were observed. Breast 
weight was higher (P=0.01) for PZ diets and CZ35 (average 
of 475 g) than control diets (444 g). In summary, in the first 
20 days of life, a potentiated Zn source provides a better 
control of bacteria growth and better performance than a 
chelated source. From 20d, no differences on performances 
and zinc in bone were observed, but birds fed PZ had higher 
(P<0.05) Ca and P in bone. In conclusion, a potentiated Zn 
source is a solution for chelated minerals with an advantage 
of controlling bacteria growth in the first days of life, and 
improving Ca and P bone mineralization. 

184 Evaluation of the use of copper-glycinate as a 
growth promoter for broilers. Rodrigo K. Messias*1.2, 
Andressa C. Carvalho3, Adebayo Sokale2, Antonio G. 
Bertechini3, Adriana Barri1,.2, Rosana Cardoso 
Maia1.2; 1BASF, Campinas, SP, Brazil; 2BASF, Animal 
Nutrition, Florham Park, New Jersey, United 
States; 3Federal University of Lavras, Animal Science, 
Lavras, Minas Gerais, Brazil. 

Copper (Cu) is extensively used as a growth promoter in 
poultry production, with Cu sulfate as the traditional source. 
However, Cu glycinate has emerged as an alternative due to 
its higher bioavailability. This has allowed for a reduction in 
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the recommended dosage, as well as a reduction in mineral 
excretion. Therefore, the objective of this study was to 
evaluate the growth promoting effect of Cu-glycinate as a 
replacement for Cu-sulfate. A total of 1440 one-day-old 
Cobb 500 broilers (30 birds × 8 replicate pens/treatment) 
were allocated to 6 treatment groups in a randomized 
complete block design, for 42 days. The diets were 
formulated to meet nutritional requirements, with Cu sources 
added to the diet to replace inert substances. The treatment 
groups were as follows: 1. Positive control (PC; Enramycin 
10 ppm), 2. Negative control (NC), 3. NC + 125 ppm Cu-
sulfate, 4. NC + 30 ppm Cu-glycinate, 5. NC + 60 ppm Cu-
Glycinate, 6. NC + 125 ppm Cu-Glycinate. All birds received 
ad libitum feed and water. On 14, 28 and 42 days, feed 
intake, body weight (BW), and feed conversion ratio (FCR) 
were evaluated. Data were analyzed by One-way ANOVA, 
and treatment means were further compared using Tukey’s 
HSD test. The results showed that from 1 to 42 days, there 
was no statistical difference (P>0.05) in feed intake across 
treatments. Body weight was significantly higher in birds in 
the PC and Cu supplemented groups in comparison to those 
in the NC group. Furthermore, BW was significantly higher 
in birds that received either 60 or 125 ppm Cu-glycinate in 
comparison to the PC group. There was no significant 
difference in BW between Cu-sulfate supplemented group 
and Cu-glycinate supplemented groups. However, groups 
supplemented with 60 or 125 ppm Cu-glycinate tended to 
have higher BW than the Cu-sulfate supplemented group. 
Feed conversion rate was significantly lower in the PC group 
in comparison to the NC group. Additionally, FCR was 
significantly lower in the Cu supplemented groups in 
comparison to the NC group. However, no significant 
difference in FCR was observed between the PC and the Cu 
supplemented groups. In conclusion, this trial demonstrated 
that Cu-glycinate levels above 60 ppm and 125 ppm can 
replace 125 ppm Cu-sulphate and Enramycin as a growth 
promoter. 

185 Iron requirements of broilers supplemented with 
phytase. Julmar D. Feijo*1, Sergio L. Vieira1, Raquel M. 
Horn1, Walter Altevogt1, Giovane B. Tormes1, Samantha M. 
Silveira1, Enio E. Andrade2; 1UFRGS, Zootecnia, Porto 
Alegre, RS, Brazil; 2UFRGS, Veterinaria, Porto Alegre, RS, 
Brazil. 

Iron is routinely supplemented in broiler feeds to prevent 
dietary deficiencies. The present research was conducted 
with the objective of assessing Fe requirements of broilers 
when fed on excess of supplemental phytase. A total of 
1,280 one-day-old male Cobb x Cobb 500 were distributed 
into a 2 X 5 factorial arrangement (phytase supplemented 
feeds x 5 graded increases of supplemental Fe). One day 
old Cobb 500 male broiler chicks were placed in battery 
cages, 8 replications of 8 chicks each. The trial was 
replicated once in time with the same design. Chicks were 
fed a Fe-deficient diet without phytase (Fe analyzed at 31.30 
± 3.79 mg/kg) from placement to 7 d and then were then 
randomly distributed into cages corresponding to the Fe 
deficient feeding treatments formulated with corn and 
soybean meal (SBM), laboratory grade calcium carbonate 
and phosphoric acid; therefore, the vast majority of Fe 
originated from corn and SBM (analyzed 53.33 ± 1.41 
mg/kg). Phytase was added in excess to the producer 
recommendation (4,000 FYT, average analyzed at 4,452 ± 
487 FYT/kg). Supplemental Fe was from laboratory grade 
ferrous sulfate heptahydrate (FeSO47H20) which was 
increasingly added to the feeds (analyzed Fe in the 
supplemented feeds were: 53.33 ± 1.41, 65.45 ± 0.59, 77.19 
± 1.97, 87.57 ± 1.72, 97.65 ± 1.33 mg/kg). No interactions 
occurred between phytase and dietary Fe throughout the 
study (P > 0.05). Supplementing phytase had not effects on 
Fe intake or Fe excretion, as well as on hematocrit (Ht), 
hemoglobin (Hb) and ferritin, Fe contents in the liver or thigh 
muscle color (P>0.05). On the other hand, phytase 
supplemented feeds improved live performance as well as 
energy and Fe digestibility (P<0.05). No effects were found 
for dietary Fe in live performance, ileal digestibility, total tract 
retention, Ht, Hb or thigh muscle color at the end of the study 
at d 28 (P > 0.05). However, increasing dietary Fe led to 
linear increases in Fe retention as well as excretion, as well 
as on Fe contents in the liver, Ht and Hb content at 14 d (P 
< 0.05). Increasing Fe led to quadratic increases (P < 0.05) 
on Hb on d 21, serum ferritin on d 14, 21 and 28 (maximum 
responses for Fe were 83.33, 103.99, 91.88 and 88.28 
mg/kg, respectively). In conclusion, supplementing Fe to 
97.65 mg/kg did not affect live performance traits; however, 
averaging blood parameters presented an increase to 91.9 
mg/kg dietary Fe to reach maximum responses whereas 
supplementing phytase provided a significant increase in Fe 
digestibility. 
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Metabolism and Nutrition: Amino Acids

186 A road towards the nowadays formulation of 
dietary protein for poultry. Sergio L. Vieira*1; 1UFRGS, 
Zootecnia, Porto Alegre, RS, Brazil. 

The present availability of low-cost synthetic amino acids in 
the market and the feed formulation towards the expression 
of optimum animal performance is the result of a long-term 
evolution. Protein was recognized as a needed nitrogen 
containing nutrient and first described in 1838. They were 
then believed as the most important nutrient for maintaining 
the structure of the body. About a century later, insulin was 
the first protein to be sequenced, which was a Nobel Prize 
achievement for the English chemist Dr. Frederik Sanger. 
The synthesis of the linear chain of amino acid residues, a 
polypeptide, was understood as a goal to be accomplished 
by nutritionists because dietary protein had to be degraded 
to be absorbed. But, at first, this was done by using fish and 
other animal meals. Then soybean grew as an efficient and 
comparatively low-cost protein feed ingredient. Feed 
formulation was going towards the fitting to essential amino 
acids when synthetic methionine appeared in the market. 
This was a breakthrough since methionine is first limiting for 
poultry, then opened opportunities for crystalline lysine as 
well as other limiting amino acids. Threonine, and then 
valine, entered commercial feed formulations almost 
simultaneously as the ideal protein concept was widely 
accepted as a pathway for an improved use of amino acids 
by birds. Continuous genetic improvements for broiler 
growth have been occurring in parallel with the harvest of 
higher proportions of meat, and then, high amino acid 
density feeds had to be provided to maximize genetic 
expressions. The world’s population grows and consume 
more protein daily today than in any other moment. 
Feedstuffs for poultry have reached a historic high in 2022, 
which leads to the dilemma of formulation protein for poultry 
not to maximize performance, but then to optimize it, which 
presently means feeding lower amino acid density feeds 
when compared to the recent past. 

187 Evaluation of methionine sources on 
performance and carcass traits of broilers at different 
dietary sulfur amino acid levels under northern 
European and middle Eastern conditions. Zeyang Li*1, 
Juliano C. de Paula Dorigam1, Ali Afsar2, Andreas Lemme1, 
Gabriel S. Viana3, Ehsan Musharbash4; 1Evonik Operations 
GmbH, Hanau-Wolfgang, Germany; 2Evonik Iran AG, 
Teheran, , Iran (the Islamic Republic of); 3Natural Resources 
Institute Finland (Luke), Jokioinen, Finland; 4Alestesharia 
Research Farm, Amman, Jordan. 

DL-Methionine (DL-Met, 99%) and liquid DL-2-hydroxy-4-
methylthio butanoic acid (methionine hydroxy analogue-free 
acid, MHA-FA, 88%) are often used in commercial poultry 
feeds to meet the requirements for Methionine+Cysteine 
(M+C). However, differences in chemical properties and 
absorption decrease the relative bioavailability value (RBV) 
of MHA-FA, which corresponds to 65% of DL-Met for 
performance . This study aimed to confirm that MHA-FA can 
be replaced with DL-Met at a weight-to-weight ratio of 100 to 
65 under different rearing conditions. In total, 720 (Trial 1: 
Finland, 5 treatments with 9 replicates and 16 males per 
replicate, wheat-soybean based feeds) or 2500 (Trial 2: 
Jordan, 5 treatments with 10 replicates and 25 males and 25 

females per replicate, corn-soybean based feeds) day-old 
Ross 308 broilers chicks (~41 g) were used. In both trials, 
broilers received a basal diet (BD) formulated to meet the 
nutritional requirements except for additional Met sources 
(60-66% of M+C requirements), or BD supplemented with 
MHA-FA or DL-Met (added at 65% of MHA-FA, w/w), to 
reach 75% (75MHA-FA, 75DL-Met) or 100% (100MHA-FA, 
100DL-Met) of M+C requirements. Broilers were fed ad 
libitum a 3-phase program during day (d) 0-35 (Trial 1) or d 
0-32 (Trial 2) under standard housing conditions. 
Bodyweight (BW), feed intake (FI), daily feed intake (DFI), 
bodyweight gain (BWG), daily weight gain (DWG) and feed 
conversion ratio (FCR) were measured in Trials 1 and 2. 
Carcass (CY) and breast (BY) yields were measured on d 
32 in Trial 2. Data was analyzed using one-way ANOVA with 
GLM procedure of SAS (ver. 9.4). Significances were 
considered if P<0.05 (Tukey test). In Trials 1 and 2, MHA-FA 
and DL-Met improved (P<0.01) FI, DFI, BW, BWG, DWG 
and FCR compared to BD, without any differences between 
MHA-FA and DL-Met groups within each M+C level. In trial 
1, the 100% M+C groups had higher BW (+4.68%, P<0.01), 
DWG (+4.76%, P<0.01) and lower FCR (-4.04%, P<0.01) 
than 75% M+C groups, while DFI did not differ between 75% 
and 100% M+C levels during d 0-35. In Trial 2, the 100% 
M+C groups had higher (P<0.01) BW (+4.27%) and BWG 
(+4.34%), and similar FI (P>0.1) compared to 75% M+C 
groups, whilst FCR was only lower (-3.54%, P<0.01) in 
100MHA-FA vs. 75MHA-FA groups. There was no 
difference in CY and BY between MHA-FA and DL-Met 
groups within each M+C level. Breast yield was higher 
(P<0.01) in 100% and 75% M+C vs. BD groups (+16.62%, 
+8.40%) and in 100% M+C vs. 75% M+C groups (+7.58%), 
whilst CY was only higher (+3.44%, P<0.01) in 100% M+C 
vs. BD groups. In conclusion, the results confirm that 100 
units of MHA-FA can be substituted by 65 units of DL-Met 
for broilers at the same M+C level, regardless of the regional 
differences. 

188 Effect of high leucine diets supplemented with 
arginine and valine on growth performance and gut 
health in broilers challenged with Eimeria 
maxima. Jihwan Lee*1, Janghan Choi1, Doyun Goo2, 
Hanseo Ko3, Hanyi Shi4, Brett Marshall5, Woo K. 
Kim6; 1University of Georgia, Poultry Science, Athens, 
Georgia, United States; 2University of Georgia, Poultry 
Science, Athens, Georgia, United States; 3University of 
Georgia, Poultry Science, Athens, Georgia, United 
States; 4University of Georgia, Poultry Science Department, 
Athens, Georgia, United States; 5University of Georgia, 
Poultry Science, Winterville, Georgia, United States; 
6University of Georgia, Athens, Georgia, United States. 

The objective of this study was to investigate the effects of 
supplementation of arginine and valine on growth 
performance and gut health in broilers challenged with E. 
maxima and fed excess leucine diets. A total of 832 fourteen-
day-old Cobb 500 male broilers were randomly allocated to 
a 2×2×4 factorial arrangement with 4 replicate cages of 12 
birds per cage. The main factors were two dose 
of E.maxima (EM) either challenged (CC) or non-challenged 
(NC), two Leu levels of either normal Leu (NL) or high Leu 
(HL) and amino acid (non-supplemented, 0.5% 
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supplementation of Arg; ARG, 0.5% supplementation of Val; 
VAL, and ARG & VAL combination group; COM). All data for 
each response were statistically analyzed three-way 
ANOVA with Tukey’s post-hoc test. EM challenge decreased 
(P<0.05) growth performance, lean mass and percentage, 
and crypt depth in the jejunum, gene expression related to 
gut health such as mucin 2 (MUC2) and occluding (OCLDN), 
antioxidant capacity such as superoxide dismutase 1 
(SOD1), catalase (CAT) and glutathione peroxidase 1 
(GPX1), and protein synthesis such as mammalian target of 
rapamycin (mTOR) and eukaryotic translation initiation 
factor 4E binding protein 1 (4EBP1), while increasing 
(P<0.05) lesion score, FITC-d level in serum, and cytokine 
such as tumor necrosis factor-alpha (TNF-α), interleukin-2 
(IL-2) and interleukin-10 (IL-10) compared to non-challenged 
groups. HL diets decreased (P<0.05) growth performance 
and increased (P<0.05) gene expression of mTOR 
compared to NL diets. Supplementation of Arg and Val 
(COM) improved (P<0.05) growth performance, intestinal 
morphology, gene expression related to gut health such as 
MUC2, zonula occludens 1 (ZO1), antioxidant capacity such 
as SOD1, and protein synthesis such as mTOR and 4EBP1, 
and thus mitigated (P<0.05) jejunal lesion score, release of 
oocyst shedding, and gene expression of TNF-α compared 
to non-supplemented groups. Especially, when broilers fed 
diets with Arg and Val, poor growth performance lean mass 
and crypt depth caused by E.maxima and high leucine were 
mitigated (P>0.05). In conclusion, E.maxima had adverse 
effects on performance and gastrointestinal health, and high 
leucine especially negatively affected feed intake, and these 
parameters were improved by supplementing arginine and 
valine. 

189 Evaluating the potential of branched-chain amino 
acid as proteinogenic amino acids compared to lysine 
in broiler chickens fed reduced-protein diets. Adeleye 
Ajao*1, Oluyinka Olukosi2; 1University of Georgia, Poultry 
Science, Athens, Georgia, United States; 2University of 
Georgia, Poultry Science, Athens, Georgia, United States. 

The objective of the study was to examine the impact of 
increased branched-chain amino acids (BCAA) blends to 
lysine ratio on growth performance, nutrient utilization, 
caecal short-chain fatty acid (SCFA), and protein and fat 
accretion in the pectoralis major muscle in broiler chickens 
fed a reduced-protein diet. A total of 270 Cobb 500 male 
broiler chicks were allocated into 18-floor pens, with 15 birds 
per pen on d 0. All birds received the same starter diets 
(220g/kg crude protein and 3,000 kcal/kg AME) during the 
first 8d. Thereafter, three experimental diets (D) were 
provided for the grower (8-28d) phase, namely D1, which 
was an adequate-protein diet (190g/kg crude protein) with 
the recommended Lys to BCAA ratio (100:294), D2 was a 
reduced protein diet (170g/kg crude protein) with 
recommended Lys to BCAA ratio (100:294), whereas D3 
had the same protein content as D2 but with a 10-point 
decrease in Lys and a proportionate increase in BCAA, that 
is Lys: BCAA of 90:304. The ratios of individual AA in the 
BCAA group were kept constant in all the diets. Birds and 
feed were weighed on d8 and 28. Ileal digesta and ceca 
content were collected from 5 birds per pen on d21 for AA 
digestibility and SCFA analysis, respectively. On d28, the 
pectoralis major was collected from one bird per cage to 
analyze protein and fat composition. The birds fed D3 had 
lower (P < 0.05) weight gain and greater FCR than the other 

diets, whereas birds fed D1 and D2 had similar weight gain 
and FCR values. The birds receiving D1 and D2 had greater 
(P < 0.05) AA digestibility values than D3. However, 
digestibility was similar for D1 and D3 except for Asp, His, 
Lys, Pro, and Tyr, which were lower (P < 0.05) for D3 than 
for D1. There was no treatment effect on the digestibility of 
Arg, Met, Thr, and Gly. In addition, the birds fed D1 had 
(P<0.05) greater N digestibility compared to those receiving 
D2 or D3. The cecal content of propionate and total SCFA 
tended (P < 0.10) to be lower in birds receiving D3, but there 
were no treatment effects on the cecal content of the other 
SCFA. The birds receiving D3 had (P<0.05) greater fat and 
dry matter, and by contrast, lower protein content in the 
breast muscle than D1. In conclusion, reducing the Lys ratio 
by 10% with a proportionate increase in BCAA level in a 
reduced-protein diet produced a detrimental effect on growth 
performance and amino acids digestibility and increased the 
fat content of breast muscle; therefore, BCAA did not have a 
corresponding proteogenic effect as the Lys under the 
reduced-protein conditions of the current experiment. 

190 Optimization of dietary valine to lysine ratios in 
response to varying leucine to lysine ratios in male 
broilers from 20 to 34 days of age. Jason T. Lee*1, 
Alejandro Corzo2, Marcelo Silva2, Ruben Kriseldi2, Roshan 
Adhikari3, Chance Williams4; 1CJ Bio America, Goliad, 
Texas, United States; 2Aviagen, Huntsville, Alabama, United 
States; 3CJ Bio America, Downers Grove, Illinois, United 
States; 4Wayne Sanderson Farms, Oakwood, Georgia, 
United States. 

A study was conducted to determine the optimization ratio of 
valine to lysine dependent on dietary leucine to lysine rations 
with a fixed isoleucine to lysine ratio on live performance and 
carcass traits in Ross 344 × 708 male broilers from 20 to 34 
days of age. A total of 1,080 d-old male chicks were 
randomly placed into 72-floor pens according to a 2n=2 full 
factorial in central composite design (CCD) with 12 runs (8 
treatments + 4 central points) and 6 replicates per run. A 
common feeding program was adopted until 20 days of age. 
Subsequently, each pen received 1 of 9 dietary treatments 
from 20 to 34 days of age varying in digestible ratios of 
Val:Lys (70 to 86) and Leu:Lys (90 to 192) which were 
calculated according to their corresponded code matrix 
values (-, -1, 0, +1, +). Digestible Ile:Lys ratio was fixed 
across all treatments at 68. Birds and feed were weighed at 
20 and 34 d of age to determine body weight gain (BWG), 
feed intake, and feed conversion ratio (FCR). At 35 d of age, 
all birds were processed to determine carcass 
characteristics. Data were analyzed using JMP v.15 by 
adopting the response surface macro option. Body weight 
gain (1547 g; P = 0.15) for the period was optimized at a 
Val:Lys ratio of 85 and a Leu:Lys ratio of 108. Feed 
conversion ratio (1.498; P = 0.003) from 20 to 34 d of age 
was optimized at a Val:Lys ratio of 81 and a Leu:Lys ratio of 
116. Poorer BWG and FCR were observed as Leu:Lys ratio 
increased although increasing Val:Lys ratios partly alleviated 
the poor performance. Breast weight (633.9 g) was 
maximized at a Val:Lys ratio of 86 and a Leu:Lys ratio of 103. 
Conversely, breast yield (27.12%) was maximized at a 
Val:Lys ratio of 70 and Leu:Lys ratio of 192. Interestingly, live 
performance (BWG and FCR) was optimized at the lowest 
Leu:Lys ratios while breast meat yield was optimized at the 
highest Leu:Lys ratio indicating that BCAA influence body 
composition. These results revealed that optimum Val:Lys 
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ratios vary depending on the desired response criteria and 
to the level of dietary Leu:Lys. 

191 The impact of extruded soybean processing 
temperatures conditions on broiler’s ileal and cecal 
microbiota composition and function. Martina 
Klünemann3, Ana M. Villegas*1,2, Nadia Yacoubi3, Anita 
Menconi2, Todd Applegate1; 1University of Georgia, Poultry 
Science, Athens, Georgia, United States; 2Evonik 
Corporation / Nutrition & Care, Kennesaw, Georgia, United 
States; 3Evonik Operation GmbH / Nutrition & Care, Hanau, 
Germany. 

Optimal soybean (SB) processing conditions is essential to 
ensure that antinutritional factors as trypsin inhibitors are 
deactivated while maintaining protein solubility and 
dispersibility. Heat processing is critical for improving amino 
acid digestibility of extruded SB for broilers. Excessive heat 
treatment can lead to denaturation of proteins, resulting in a 
negative impact on animal performance and microbiota 
composition. In this study, we investigated the effect of three 
different processing temperatures (182,199, and 154°C) for 
normal-control (NC), overcooked (OC), and undercooked 
(UC) SB on microbiota composition and function in broilers. 
Male Cobb 500 broilers (1,860) were fed with 3 batches of 
expeller SB, randomly allocating them to the three 
treatments with 10 replicate floor pens/diet (62 birds/pen) 
from 0 to 35d of age. Ileal and cecal digesta were collected 
from one bird/pen at d 7, 14, and 28 for 16S sequencing. 
Sequences were processed using DADA2, and diversity 
analysis was focused on the genus level. Alpha diversity, 
measured as Shannon index, significantly increased with 
time for both ileal and cecal digesta samples, and 
PERMANOVA of Bray-Curtis distance showed that beta 
diversity also differed significantly between all-time points. 
Functional profiles were interpolated from 16S data using 
PICRUSt2, based on the MetaCyc database. In the ileal 
digesta, alpha diversity of NC was higher than OC or UC only 
at d28. Treatment affected ileal digesta beta diversity at d14 
and d28, with all treatments separated from each other. We 
observed a cluster of OC separated from NC or UC in PCA. 
In the ileal digesta, OC samples had a significantly higher 
abundance of two Lactobacillaceae genera. In the cecal 
contents alpha diversity measured with Shannon index was 
not affected by treatment. Treatment also affected cecal 
digesta beta diversity at d14 and d28, with OC showing the 
most distinct differences. At d14, OC had higher abundance 
of several Lactobacillaceae genera in the cecum. At d28, 
OC showed higher levels of Akkermansia, Lactobacillus, 
Bacteroides, Streptococcus, and Staphylococcus. On the 
functional level some pathways were mainly driven by age. 
Carbohydrate degradation-related pathways were reduced 
with age, while amino acid degradation pathways increased 
with age in both ileal and cecal digesta. At d28, OC and UC 
had reduced myo-inositol degradation pathway in the ileum, 
which is a strict anaerobic process. In conclusion, 
inappropriate SB processing temperatures can significantly 
impact the microbiota composition and function in the 
digesta within the ileum and cecum, especially in older 
broiler birds with a more pronounced effect observed with 
higher extruder temperature. 

192 Standardized ileal amino acid digestibility and 
performance indices in pullets and laying hens fed 
expeller-pressed Canadian Prairie soybean meal with 

varying protein content. Neijat Mohamed*1, Mingyan 
Jing1, Shusheng Zhao1, Maryna Plaksii1, Martin Nyachoti2, 
Chengbo Yang2, James House1,2,3; 1University of Manitoba, 
Department of Food and Human Nutritional Sciences, 
Winnipeg, Manitoba, Canada; 2University of Manitoba, 
Department of Animal Science, Winnipeg, Manitoba, 
Canada; 3University of Manitoba, Richardson Centre for 
Food Technology and Research, Winnipeg, Manitoba, 
Canada. 

Soybean meals (SBM) from different locations differ in their 
protein content, subsequently influencing their amino acid 
profile.  In this study, standardized ileal digestibility (SID) of 
amino acids and growth/production performance were 
evaluated during the grower (9-12 weeks of age), developer 
(13-16 weeks of age), and layer phases (59-65 weeks of 
age) in chickens fed Canadian prairie (Manitoba, MB) SBM 
labelled as A-, B- and C-SBM in comparison with Eastern 
Canadian SBM (Ontario, ON-SBM).  The 4 SBM contained 
38.3 ± 0.44, 38.6 ± 0.61, 39.4 ± 0.49, and 44.0 ± 0.87% CP, 
respectively.  A nitrogen-free diet was used to determine 
basal ileal endogenous losses of amino acids.  Although in 
the grower phase a lower (P < 0.029) SID for cysteine was 
noted for the C-SBM compared with other SBM, the 
developer phase had higher (P < 0.05) SID for methionine, 
phenylalanine, cysteine by 4.4, 2.4 and 7.2% units, 
respectively on average for SBM samples from MB 
compared with the ON-SBM.  No difference in SID was noted 
between the SBM varieties in the layer phase.  However, 
generally, in all phases the SID of most dispensable and 
indispensable amino acids tended to be greater in the SBM 
from MB compared with the ON-SBM, which may be linked 
to higher values of these amino acids per unit of protein 
content in the former compared with the later source.  In 
addition, the performance including feed intake, body weight 
gain and FCR in pullets and layers was similar between 
treatments, suggesting that the prairie SBM have a 
comparable feeding value with the ON-SBM, hence a 
suitable alternative protein source for poultry. 

193 Optimal Lys:AME ratio in pre-starter diets (0-4 
days) and protein digestibility capacity of young chicks 
determined on diets with different inclusion of 
crystalline amino acids. Wilfredo D. Mansilla*1, Rosa 
Franco-Rossello1, Ana I. Garcia-Ruiz1; 1Trouw Nutrition, 
Poultry R&D, Viso de San Juan, Toledo, Spain. 

Early nutrition plays a critical role in the long-term 
development of a broiler chicken. The objective of this study 
was to determine the optimal ratio of standardized ileal 
digestible (SID) Lys to apparent metabolizable energy 
(AME) (Lys:AME) during the first four days of life. In total, 
3,157 one-day-old male chicks were randomly assigned to 
77 pens with 41 chicks per pen (mean weight 42.6 ±0.5 g). 
From placement until day 4 (pre-starter phase), 11 
treatments were offered. Treatment 1 had a low Lys:AME 
(3.31 g/Mcal, 18.3% CP), while treatments 6 and 11 had a 
high Lys:AME diets (5.75 g/Mcal) but different proportions of 
crystalline amino acids (CAA). The percentage of SID Lys 
coming from CAA was 3.3% in treatment 6 (CP = 29.2%) 
and 25.0% in treatment 11 (CP = 25.8%). Treatments 1 and 
6, and 1 and 11 were mixed in different ratios (80:20, 60:40, 
40:60, 20:80) to increase the Lys:AME (low and high CAA 
arrays, respectively). All pre-starter diets contained 0.3% of 
titanium dioxide as an indigestible marker. On day 4, 20 birds 
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per pen were euthanized and digesta from the second half 
of the ileum was collected to determine apparent CP 
digestibility. From day 4 until the end of the study (day 35), 
all birds were fed the same diets based on 3 feeding phases. 
Pen body weight (BW) and feed intake were monitored at 
the end of each feeding phase. Data were analyzed using 
one-way ANOVA and regressions were fitted relating the 
responses to the Lys:AME. At the end of the pre-starter 
phase, BW followed a negative quadratic regression 
(P <0.05) relative to the Lys:AME, in both low and high CAA 
arrays. At the highest Lys:AME, the low-CAA decreased BW 
significantly compared to high-CAA (94.2 vs 97.0 ±1.1 g for 
low and high CAA at 5.75 Lys:AME g/Mcal, 
respectively; P <0.05). The maximum BW was obtained with 
4.46 g/Mcal Lys:AME in the low-CAA array (98.6 g BW), 

while it was at 4.70 g/Mcal in the high-CAA array (98.7 g 
BW). Feed intake in the pre-starter phase decreased linearly 
(P <0.05) when increasing the Lys:AME content either with 
low or high CAA. Maximal apparent CP digestibility was 
determined at 23.0% CP content regardless of the source of 
amino acids (low or high CAA). At the end of the study, the 
BW of chickens fed high Lys:AME in the low-CAA array 
decreased quadratically (P <0.05), while birds fed the high-
CAA array in the pre-starter phase were not different 
(average of 2728 ±27 g; P >0.10). The optimal Lys:AME 
during the pre-starter phase is between 4.5 and 4.7 g/Mcal. 
Further increments with intact protein sources may 
negatively compromise broiler performance. Very young 
broilers appear to have a maximal protein digestibility 
capacity at 23% CP content.  
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Metabolism and Nutrition: Enzymes II

194 Greater efficacy of a novel fourth generation 
bacterial phytase compared with a third generation 
commercial bacterial phytase in broilers fed high 
phytate diets from 7 to 19 days of age. Qian Zhang*12, 
Jose Otavio Sorbara2, Carrie L. Walk2, Kostas 
Stamatopoulos2; 1DSM China Animal Nutrition Research 
Center, , Bazhou, Hebei, China; 2DSM Nutritional Products, 
Kaiseraugst, Switzerland. 

The objective of this study was to compare the efficacy of 
two bacterial phytases, derived from Citrobacter braakii, in 
broilers fed high phytate diets from d 7 to 19 post-hatch. 
Cobb 500 male broilers were obtained at hatch and fed a 
corn-SBM based diet, adequate in total Ca (0.90%) and non-
phytate P (nPP, 0.48%). On d 7, 1,152 broilers were weighed 
and allocated to one of 12 dietary treatments. The first 4 
treatments consisted of 4 levels of nPP and total Ca (0.48 
and 0.90, 0.38 and 0.70, 0.28 and 0.70, or 0.18 and 0.70%, 
respectively). Four doses (500, 1,000, 2,000 or 4,000 
FYT/kg) of a novel bacterial 4th generation phytase (4G) or a 
commercially available 3rd generation bacterial phytase 
(3G), were supplemented into diet with the lowest nPP and 
total Ca. The major ingredients of experimental diets 
included corn, SBM, wheat, corn DDGS, rice bran and 
rapeseed meal, containing 0.32% phytate P. There were 12 
birds/cage and 8 cages/treatment. On d 9, the ileal digesta 
was collected from 6 birds/pen. On d 19, the right tibia was 
taken from 4 birds/pen. Data from all treatments were 
analyzed by one-way ANOVA. Additionally, data from 
phytase treatments were analyzed as a 2 × 4 factorial to 
determine the impact of phytase source and dosage. Means 
were separated by protected Fisher’s LSD test and 
significance was accepted at P ≤ 0.05. One-way ANOVA 
analysis showed supplementation of the lowest nPP and Ca 
diet with increasing concentrations of inorganic phosphate, 
4G or 3G significantly improved (P < 0.05) feed intake, 
weight gain, feed conversion ratio and tibia ash (P < 0.05). 
Supplementations of 4G and 3G at 2,000 or 4,000 FYT/kg 
had tibia ash comparable to the highest nPP and Ca diet. 
The two-way ANOVA analysis showed there was no 
interaction and no impact of phytase source on tibia ash. 
Interestingly, there was a significant interaction between 
phytase source and dosage for ileal P digestibility (P = 0.03), 
that 4G at 500, 1,000 and 2,000 FYT/kg showing similar 
values with 3G at 1,000, 2,000 and 4,000 FYT/kg, 
respectively. There was no interaction between the two 
factors for ileal phytate P degradation and ileal Ca 
digestibility, while the main effect showed 4G had higher 
values (P < 0.05) for these two parameters compared to 3G. 
In summary, the novel 4th generation phytase was more 
efficacious compared to its 3rd generation predecessor in 
hydrolyzing phytate to increase P and Ca availability, 
whereas these two phytases showed similar efficacy in tibia 
mineralization, presumably due to the released P and Ca 
from the high phytate diets by these two phytases at low 
dosages have already met their requirements for bone 
mineralization of broilers at 7 to 19 days of age. 

195 A novel consensus bacterial 6-phytase variant 
maintained growth performance in broilers fed 
vegetable diets with normal or high calcium content 
without the addition of trace minerals. Leon Marchal*1, 

Abiodun Bello2, Cees Kwakernaak3, Vanessa Lagos3, 
Yueming Dersjant-Li1; 1IFF, Danisco Animal Nutrition & 
Health, Oestgeest, South Holland, Netherlands; 2Danisco 
Animal Nutrition - IFF, Wilmington, Delaware, United 
States; 3Schothorst Feed Research, Poultry Nutrition, 
Lelystad, Netherlands. 

The effect of a novel consensus bacterial 6-phytase variant 
(PhyG) supplemented to a vegetable diet without or with 
added trace minerals (TM) on growth performance was 
tested in two studies. Each experiment (Exp.) tested 12 
treatments in a 2×6 factorial arrangement (2 phytase levels, 
6 TM diets) using 3,360 Ross 308 males with 35 birds/pen 
and 8 pens/treatment, in a randomized block design. The 
two phytase levels comprised no PhyG (CON1) or PhyG 
(CON2) at 2,000, 1,500 and 1,000 FTU/kg during 0–10, 10–
20 and 20–35 (only Exp. 2) day (d) of age, respectively. The 
6 TM diets comprised: no added TM (diet 1); Zn-, Fe-, Cu- 
and Mn (from sulphate) added at 10, 15, 3 and 10 mg/kg 
(low; diet 2) or 20, 30, 6 and 20 mg/kg (high; diet 3); Cu-, Mn 
(from oxide) and Fe (from sulphate) at the two levels but with 
Zn (from oxide) at 15 and 30 mg/kg respectively (diets 4 and 
5), and; TM from organic sources at levels as diet 2 (diet 6). 
The CON1 contained Ca at 1.14 and 1.06% during 0–10 and 
10–20 d in Exp. 1, and 0.92, 0.84 and 0.77% during 0–10, 
10–20 and 20–35 d, in Exp. 2. The CON2 were reduced in 
Ca and retainable P (by 0.23, 0.22, 0.21% and 0.19, 0.18, 
0.17% respectively in each phase, vs. CON1). Diets were 
pelleted and fed ad libitum. Data were analyzed by 2-way 
ANOVA. For the phase 0-10, 10-20d and the overall period 
(0–20 d in Exp. 1 and 0–35 d in Exp. 2), there were 
interactions (P < 0.05) between phytase and TM 
supplementation on body weight (BW), BW gain (BWG), and 
feed intake (FI). Without phytase, TM supplementation, 
regardless of TM source or dose level increased (P < 0.05) 
these measures, while TM addition on top of phytase did not 
further improve these measures. The TM dose effect was 
observed only for BW at 10 and 20 d in Exp. 1 which was 
higher in ‘high’ vs ‘low’ TM treatments in the absence of 
phytase. At 35 d in Exp. 2, added TM without phytase 
increased BW by 120–169 g (4.9–8.3%) across treatments, 
vs no added TM. Phytase without added TM increased 
(P<0.05) BW by 174g (2645 vs 2471g, 7.0%) vs no added 
TM or phytase. With phytase, without TM, in CON2, overall 
BWG and FI were increased (P < 0.05) vs birds fed CON1 
without added TM, in all cases equivalent to or better than 
CON1+TM, regardless of TM source or dose level. No 
interaction was observed on tibia P and Ca content, 
indicating that phytase improved available P and Ca, and 
that the effect on TM utilization is not influenced by the P and 
Ca reduction. Collectively, the findings indicate that dietary 
supplementation with the novel phytase could support a 
reduction or total removal of added TM to broiler diets 
containing different levels of Ca, without loss of performance 
compared to a conventional TM-supplemented diet. 

196 A novel consensus bacterial 6-phytase variant 
increased utilization of trace minerals in plasma, liver, 
and bone of broilers fed all veggies diets. Abiodun 
Bello*12, Cees Kwakernaak3, Vanessa Lagos3, Leon 
Marchal2, Yueming Dersjant-Li2; 1Danisco Animal Nutrition & 
Health - IFF, Wilmington, Delaware, United States; 2Danisco 
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Animal Nutrition & Health - IFF, Oegstgeest, 
Netherlands; 3Schothorst Feed Research, Poultry Nutrition, 
Lelystad, Netherlands. 

Interventions that increase trace mineral (TM) utilization in 
poultry feed may reduce the need for supplemental TM, 
which would lower detrimental environment impacts and 
feed costs. This study evaluated the effect of a novel 
consensus bacterial 6-phytase variant (PhyG), 
supplemented to a vegetable diet with or without added trace 
minerals (TM), on tissue TM concentrations. A total of 3,360 
Ross 308 male broiler chicks were assigned to 96 floor pens 
in a randomized complete block design with 35 birds/pen 
and eight pens/treatment. Twelve treatments were tested in 
a 2×6 factorial arrangement (2 phytase levels and 6 TM 
diets). Two basal diets were formulated in three phases 
(starter, 0–10 d (d); grower, 10–20 d; finisher, 20–35 d). 
Basal diets comprised: CON1, without added TM and 
without phytase, containing 0.92, 0.84 and 0.77% Ca and 
0.43, 0.39 and 0.33% ret P, and; CON2, as CON1 but 
reduced in Ca and ret P (by 0.23, 0.22, and 0.21% Ca and 
0.19, 0.18, and 0.17% ret P, respectively, in starter, grower 
and finisher and supplemented with PhyG at 2,000, 1,500 
and 1,000 FTU/kg by phase. These diets were pelleted and 
fed ad libitum: as is (without TM supplementation; diet 1), 
when supplemented with Zn, Fe, Cu, and Mn from sulphate 
or oxide based sources, each at two dose levels (‘high’, 
representative of commercial use; ‘low’, reduced by 50% vs. 
high; diets 2–5), or with organically-complexed TM at a ‘low’ 
dose (diet 6). Each of diets 2–6 was also supplemented with 
Se (as Na2SeO3). Birds were euthanized for tibia, liver, and 
plasma sample collection on 20 d of age. Data were 
analyzed by 2-way ANOVA. An interaction was observed for 
Zn in tibia (P<0.001) while feeding TM-free diet at 20 d 
lowered tibia Zn concentration compared with the CON1 TM-
supplemented diets, PhyG supplementation to the TM-free 
diet increased tibia Zn concentration beyond those achieved 
by TM-supplemented CON1 diets, regardless of TM dose 
level or source. Supplemental phytase also increased liver 
concentrations of Zn, Fe, Cu and Mn, and plasma Zn at 20 
d (P < 0.05). In plasma, an interaction effect was observed 
for Zn at 20 d, showing that PhyG supplementation 
increased plasma Zn concentration in the TM-free diet. Tibia 
P and Ca content were unaffected by dietary treatment 
confirming that phytase added to the Ca and P-reduced 
CON2 diet increased P and Ca availability equivalent to 
CON1, therefore discounting any impact of Ca or P 
availability on TM utilization in CON2. The results 
demonstrated that the novel phytase improved the 
availability and utilization of TM from the basal ingredients 
and suggest that dietary supplementation with the phytase 
could support the reduced use or total removal of added TM 
in commercial broiler diets. 

197 Predicting the metabolizable energy of diets with 
or without an enzyme complex for broiler 
chickens. Pedro Afonso S. Ezidio1, Paulo C. Pozza*1, 
Adriana Nascimento2, Márcia I. Sakamoto1, Mariana C. 
Souza1, Alice E. Murakami1; 1State University of Maringá, 
Maringá, Paraná, Brazil; 2Alltech Brazil, Maringá, Brazil. 

Exogenous enzymes can improve nutrients and energy 
utilization in broiler diets, but these gains are substrate-
dependent, resulting in differences in these gains according 
to the chemical composition of diets. In this sense, the aim 

of this study was to determine the chemical and energetic 
composition of different vegetable diets for broilers, 
supplemented or not with an enzyme complex, and to fit 
models to predict AME and AMEn as a function of chemical 
composition. Three hundred and twenty male broilers, 16 
days old, were housed in metabolism cages and distributed 
in a completely randomized design, arranged in a 2x10 
factorial scheme consisting of 10 vegetable diets 
supplemented (200 g/ton) or not with an enzyme complex, 
and 4 replicates. These 10 different diets were formulated to 
previously provide different concentrations of AME (3080 to 
3220kcal/kg), fiber (2.59 to 3.72%) and protein (20.77 to 
22.76%). The enzymatic complex contained xylanase and 
phytase (Allzyme SSF™). The experiment lasted 10 days, 
consisting of five days adaptation and five days of total 
excreta collection using ferric oxide (Fe2O3) as a marker. 
The chemical composition, AME and AMEn values, and the 
respective metabolizability coefficients of gross energy 
apparent (MCGE) and nitrogen corrected (MCGEn) were 
determined. The data were subjected to an analysis of 
variance, and Tukey's test was used to evaluate the MCGE 
and MCGEn. To fit the equations to predict the AME and 
AMEn of diets, with or without enzyme complex, the 
procedure of simple and multiple linear regression was used, 
through indirect elimination technique (Backward). No 
interaction between diet and enzymes was observed. The 
MCGE and MCGEn were higher in diets with reduced crude 
protein (CP) for all ME levels studied (3080, 3150, and 3220 
kcal/kg); however, diets with high fiber concentration 
presented lower coefficients only in diets with high energy 
contents (3150 and 3220 kcal/kg). Additionally, MCGE and 
MCGEn were higher in diets containing the enzyme complex 
than diets without it (P<0.0001). The prediction equations 
fitted for AME and AMEn, of diets containing the enzymatic 
complex associated with higher R2, were AME=10520.7 - 
113.024ADF + 87.2200EE + 11863.3 P (R2=0.48) and AMEn 
= 9608.78 - 97.2367ADF - 75.7482EE - 10718.0 P (R2=0.45) 
and, for diets without the enzyme complex, AME= 36505.8 
+ 392.134NDF + 199.989CP + 156.805EE + 53543, 5P 
(R2=0.55); AMEn = 34238.1 - 349.935NDF + 155.882CP + 
148.107EE - 494.259 P (R2=0.44). It is concluded that the 
energy gains of enzyme-supplemented diets depend on the 
chemical composition of diets, and prediction equations 
developed for specific enzymes can be used to provide high 
precision in feed formulations for broilers. 

198 A multi-carbohydrase complex with high doses of 
phytase improves amino acid digestibility, energy 
utilization, and growth performance of broiler 
chickens. Catarina Stefanello*1, Guilherme L. Godoy1, 
Jessica A. Alencar1, Adriana B. Toscan2, Naiara S. 
Fagundes2, Guilherme Vasconcellos2; 1Federal University of 
Santa Maria, Animal Science, Santa Maria, RS, 
Brazil; 2Adisseo Latin America, Sao Paulo, , Brazil. 

The aim of this study was to evaluate the effects of a multi-
carbohydrase complex associated with high doses of 
phytase (MCPC; 1,000 FTU/kg phytase) on growth 
performance, energy utilization, and nutrient digestibility of 
broilers until day 21. A total of 280 Cobb 500 one-day-old 
male chicks were allocated in battery cages and distributed 
to 4 treatments with 10 replicates of 7 birds each in a 
completely randomized design. The corn-soy dietary 
treatments were: positive control (PC; with AME and 
nutrients as commercially used by the Brazilian integrators, 
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without enzymes); negative control [NC; with reductions in 
AME (-5%), digestible amino acids (dig. AA, -5%), Ca (-
0.16%), Av. P (-0.17%), and Na (-0.03%), without enzymes]; 
PC+MCPC (PC supplemented with 100 mg/kg of MCPC 
(Rovabio® Advance Phy T, Adisseo); and NC+MCPC (NC 
supplemented with MCPC). Body weight gain (BWG), feed 
intake, and feed conversion ratio (FCR) were evaluated from 
day 0 to 21. On day 19 and 20, excreta samples were 
collected to calculate AME, AMEn, and retention of dry 
matter (DM), protein, and energy. Celite at 1% was used as 
indigestible marker. On day 21, apparent ileal digestibility of 
AA, DM, protein, Ca, P, and neutral detergent fiber (NDF) 
was determined. Data were subjected to one-way ANOVA 
using the PROC GLM of SAS and means were compared by 
the Tukey test (P < 0.05). Birds fed NC diet showed lowest 
FCR and BWG, and the addition of MCPC in this diet 
recovered bird performance, reaching PC values, while birds 
fed PC+MCPC diet had the best FCR (P = 0.0001). The 
greatest AME and AMEn were observed in broilers fed 
PC+MCPC, followed by NC+MCPC and PC diets (P = 
0.0001). The AMEn improved by 179 and 232 kcal/kg when 
MCPC was added in PC and NC diets, respectively. Broilers 
fed diets with MCPC had greater metabolizability of DM, 
protein, and energy compared to PC and NC diets, with the 
lowest metabolizability observed in the NC (P = 0.0001). The 
greatest Ca and P ileal digestibility was obtained in broilers 
fed the NC+MCPC diet, while greater DM, NDF, and protein 
digestibility was observed with PC+MCPC and NC+MCPC 
diets than the non-supplemented controls (P = 0.0001). 
Digestibility of AA improved with the MCPC (P = 0.0001). 
Digestibility of Lys, Thr, Val, Ile, Leu, Phe, Cys, Tyr, Pro, Ala, 
Gly, Ser, and Glu were the greatest in broilers fed MCPC 
diets, whereas the lowest AA digestibility was observed in 
the NC diet. These results suggest that a MCPC was 
efficient to release enough nutrients and energy from the 
ingredients and could recover the decreased performance 
provided by the nutritional reduction. Additionally, MCPC 
also improved energy and nutrient digestibility in diets 
without any nutrient reduction. 

199 Laying performance of Lohmann white hens fed 
diets containing an endo-1,4-beta-xylanase. Itallo d. 
Faria1, Jade M. Souza1, Nathalia M. de Paula1, Deborah P. 
Carvalho1, Jorge F. Carvalho1, Sandra Rodrigues3, Sudhir 
Yadav3, Rasha Qudsieh3, Jose H. Stringhini*1,2; 
1Universidade Federal de Goias, Zootecnia, Goiania, Goias, 
Brazil; 2CNPq Research Fellowship, Brasilia, Distrito 
Federal, Brazil; 3BioResource International (BRI), Durham, 
North Carolina, United States. 

This experiment was conducted to evaluate the effect of 
xylanase (fungal endo-1,4 beta-xylanase) supplementation 
in laying hens diets on egg production performance. 
Different xylanase inclusion levels were added to diets 
formulated with reduced AMEn levels and fed from 69 to 81 
weeks of age. A total of 288 Lohmann White laying hens at 
67 weeks of age were distributed in 36 traditional cage 
facility. Each cage was considered as an experimental unit 
and consisted of eight birds where six replicate cages were 
assigned to each treatment in a completely randomized 
design. A total of six experimental diets were formulated as 
follows: Positive control (PC); Negative Control - reduction 
of 100 kcal compared to PC (NC); NC+50 g/MT xylanase 
(XM50); NC+75 g/MT xylanase (XM75); NC+100 g/MT 
xylanase (XM100); NC+125 g/MT xylanase (XM125). Diets 

were based on corn, soybean meal and corn gluten meal to 
attend nutritional requirements of 16% CP and 2900 kcal 
AMEn/kg, 3.4% calcium, 0.37% available phosphorus, 0. 
78% digestible lysine and 0. 72% digestible 
methionine+cystine for PC, while for NC-based diets, the 
energy was reduced by 100 kcal/kg. Variables determined 
were: feed intake (g/hen/day); egg production (% and 
egg/hen/day); egg weight (g); calculated egg mass 
(g/hen/day), feed conversion expressed as dozen eggs 
(kg/dozen eggs) and feed conversion expressed as egg 
mass (Kg/Kg egg mass). Hens were allowed to adapt for two 
weeks, and data were measured in four periods of four 
weeks each, as follows: 1st period - 69 to 73 weeks; 
2nd period - 74 to 77 weeks of age; 3rd period - 78 to 81 
weeks of age, 4th period - 82 to 85 weeks of age as well as 
total period (69 to 85 weeks of age). Data was submitted to 
the analysis of variance (ANOVA), and means were 
separated using the PDIFF statement in SAS, significance 
was set at P<0.05. The PC and NC were subjected to t-test, 
and all treatments except PC were also subjected to 
regression analysis. Furthermore, all six treatments were 
analyzed as one-way ANOVA. Overall feed intake was 
higher (P<0.05) in NC hens compared to PC (115 vs 109 
g/hen/d) resulting in a numerical increase in FCR per Kg 
eggs (1.913 vs 1.896). Supplementing xylanase numerically 
improved egg production and FCR expressed as egg mass 
compared to PC, while xylanase dose of 100 g/MT resulted 
in the best egg production and FCR compared to all 
treatments, with an improvement of 3% in egg production 
and 3 points in FCR compared to PC. It can be concluded 
that xylanase supplementation was efficient to compensate 
for the reduction of 100 Kcal AMEn/kg compared to the 
positive control and sustain egg production. 

200 Meta-analysis confirms performance benefits of 
Enogen corn in broiler chickens. Chad B. Paulk*1, James 
Drouillard2, Woo K. Kim3, John Gonzalez4, Dan Moore5, 
John Goeser67, Randy D. Shaver7; 1Kansas State 
University, Grain Science and Industry, Manhattan, Kansas, 
United States; 2Kansas State University, Animal Science 
and Industry, Manhattan, Kansas, United States; 3University 
of Georgia, Department of Poultry Science, Athens, Georgia, 
United States; 4University of Georgia, Department of Animal 
and Dairy Science, Athens, Georgia, United 
States; 5Colorado Quality Research, Inc., Wellington, 
Colorado, United States; 6Rock River Laboratory, Inc., 
Watertown, Wisconsin, United States; 7University of 
Wisconsin, Department of Animal and Dairy Science, 
Madison, Wisconsin, United States. 

Enogen® corn hybrids (ENO, Syngenta Seeds, LLC, 
Downers Grove, IL) express a transgenic alpha-amylase 
enzyme in kernel starchy endosperm and have previously 
been shown to improve performance and feed efficiency 
when used in cattle diets. In an initial study in broiler 
chickens1 the ENO diet increased average daily gain (ADG), 
average daily feed intake (ADFI) and carcass weight (CW), 
and improved starter phase feed conversion ratio (FCR) 
compared with a conventional corn (CON) diet. The 
objectives of this work were to evaluate performance of 
broilers fed diets containing either CON or ENO grain in two 
new studies (S1, S2), and to complete a meta-analysis 
across available studies. One-day old male Cobb 500 
broilers, initial BW 40.8 g (S1) or 36.3 g (S2) were used in 
42-day studies with starter, grower, and finisher phases, 
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each of 14d duration. S1 treatments included reduced 
energy CON and ENO diets (-150 Mcal/kg) and a full-energy 
CON diet. S2 had only 2 treatments: CON and ENO diets. 
Treatments were randomly assigned to floor pens, with 9 
pens per treatment and 24 birds per pen (S1) or 24 pens per 
treatment and 45 birds per pen (S2). Measures included BW, 
ADG, ADFI and FCR for each phase and for the full study. 
CW and dressing percentage (DP) were determined at 
harvest. Data were analyzed using one-way ANOVA (SAS 
University Edition 2020, Cary, NC) for S1 or the MIXED 
procedure of SAS v9.4 (SAS, Cary NC) for S2. S1 results did 
not differ between CON and ENO reduced energy diets 
though numerical increases in BW and CW were observed 
for ENO at 42 days. S2 results showed increased BW 
(P=0.002), ADG (P=0.002), and ADFI (P=0.03) for the full 
42-day study; increased CW (P=0.01); improved FCR for 
starter (P= 0.03) and grower (P<0.05) phases; and 
increased BW (P=0.002), ADG (P=0.006), and ADFI 
(P=0.001) for the finisher phase. Meta-analysis software 
(Comprehensive Meta-Analysis Version 4, Biostat, 
Englewood, NJ) was employed to evaluate performance 
trends across the three available studies, with ENO diets 
showing significant improvement in starter FCR (P=0.001); 
increased BW for grower and finisher phases, and the full 
studies (P<0.001); increased ADFI in the finisher phase 
(P=0.001); increased ADG for the full studies (P=0.0001); 
and increased CW (P=0.001). We conclude that ENO 
provides significant benefits in growth performance of broiler 
chickens, with improved FCR in starter chicks, increased BW 
in grower and finisher phases, and greater CW, offset by 
increased ADFI in finishers. These benefits were confirmed 
by meta-analysis across studies. 
1Truelock et al., Int. J. Poult. Sci., 20 (3): 116-122, 2021 

201 Effects of dietary enzyme inclusions in 
metabolizable energy deficient diets on the performance 
of Ross 308 straight-run broilers from D1-20 of 
age. Logan S. Erb*1, Corey A. Johnson1, Anthony D. Quant1, 
Kyle Smith2, Tri Duong2, Sara Llamas Moya2, Jeffrey D. 
Kaufman1; 1Kalmbach Nutritional Services, , Findlay, Ohio, 
United States; 2Kerry Group, College Station, Texas, United 
States. 

Due to the rising cost of dietary energy sources, alternative 
means of feed formulation and production are being 
considered. Although many non-starch polysaccharide 
(NSP) degrading enzymes have been studied in 
conventional diets, limited research has been conducted on 
the effect of organic suitable NSP degrading enzymes in 
organic feed formulation and broiler production. Therefore, 
performance responses to NutriXtend Optim (NXO) in an 
energy deficient diet were investigated using 570 Ross 308 
straight-run broilers. There were three dietary treatments 
that consisted of 1) the positive control (PC) which met all 
nutritional recommendations of Ross 308 straight-run 
broilers from d1-20 of age; 2) the negative control (NC) that 
was formulated to contain 100 Kcal/lb less metabolizable 
energy than the PC; and 3) the NC+NXO which contained 
0.50 lbs/ton of NXO added to the NC. Each treatment was 
randomly assigned to 19 replicate cages of 10 broilers 
arranged in a randomized complete block design. 
Treatments were fed as mash feed and were provided ad 
libitum in a single 20-d feeding phase. The experimental unit 
was one cage of 10 broilers. Data were analyzed by ANOVA 
using the GLIMMIX procedure of SAS version 9.4. 

Significant differences were determined using α ≤ 0.05 with 
treatment means separated using Fisher’s least significant 
difference test post hoc. On d20, the NC reduced (P=0.030) 
individual bird BW compared to the PC (654.3 g/bird vs. 
676.4 g/bird). Similarly, the individual live weight gain (LWG) 
from d1-20 of birds fed the NC was 22.2 g less than those 
provided the PC. Birds fed the NC+NXO diet were 
statistically similar to both the PC and NC for d20 BW 
(P=0.034) and d1-20 LWG (P=0.030). Overall feed intake 
from d1-20 was not different amongst treatments (P=0.203). 
Birds fed the PC or NC+NXO diet had reduced mortality 
when compared to those provided the NC (P=0.023). 
Performance results from d1-20 showed birds provided the 
NC+NXO diet exhibited a 0.065 improvement in mortality 
corrected FCR when compared to the birds consuming the 
NC. The NC+NXO diet had a statistically similar mortality 
corrected FCR when compared with birds provided the PC 
(P=0.003). The NC+NXO diet increased (P<0.001) income 
over feed cost by $0.063/bird compared with birds fed the 
PC, whereas the NC was intermediate These data indicate 
that NXO inclusion in a lower energy diet from d1-20 
improved bird performance and feed efficiency compared to 
the NC and displayed similar performance to the PC. 

202 Effects of the use of a new Protease on nutrient 
digestibility in broiler diets. José L. Schneiders1, Elisa P. 
Francois*1, Rafaela Pereira1, Bernardo R. Nogueira2, 
Andressa C. Carvalho3, Antonio G. Bertechini3; 1Kemin do 
Brasil, Technical - Sales, Porto Alegre, Rio Grande do Sul, 
Brazil; 2UNESP, Animal Science, São Paulo, 
Brazil; 3Federal University of Lavras, Animal Science, 
Lavras, Minas Gerais, Brazil. 

An experiment was carried out to evaluate the effects of 
dietary supplementation of a new protease on nutrient 
digestibility in broiler at two different ages old. The protease 
is a new kind of product working during all intestinal tract, 
with action in acid, neutral and alkaline pH. The guarantees 
level of this protease is 8,000 units/g of product. Were used 
a total of 240 one day old chicks male Cobb-500 divided into 
2 treatments, 10 replicates per treatment with 6 birds per 
repetition (totaling 120 animals used for each age). The two 
treatments were: positive control (PC) and positive control + 
200g/t of protease (on top). The diets were formulated based 
on corn and soybean meal according to the lineage manual. 
The total excreta collect was used to analyze the dry matter, 
crude protein, extract ether, besides the calculations to 
determine the metabolizable energy (ME) and the 
metabolizable energy corrected to nitrogen balance (MEn), 
in two phases - 22 to 25 and 35 to 38 days (with 4 days to 
the adaption of the feeds). The ileal digestibility was used to 
determine the amino acids values (with the slaughter of two 
birds per replicate at 25 and 38 days old). It was used the 
SNK test at the level of 5% probability to compare the means 
of the experimental treatments. The feed using protease 
supplementation improved (P<0,05) nutrient availability in 
broiler diet, with emphasis on 4.53% and 3.10% for crude 
protein at 21 and 35 days of age, respectively; Also, the 
limiting amino acids Met+Cys , Lys, Thr and Val had 
significant increases (P<0,05), average of 2.50%, in ileal 
digestibility with the use of Protease in both periods (21 and 
35 days of age). The new protease shows very good results 
in amino acids and protein digestibility and these results 
given to this enzyme a new tool to help the feed producers 
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that reaching out to reduce the costs of the feeds and keep 
the performance of the animals. 

203 Novel sfericase protease improves growth 
performance and reduces litter ammonia in broiler 
chickens. Hong Liu1, Cristiano Bortoluzzi*1, Jose Otavio 
Sorbara1; 1DSM Nutritional Products, College Station, 
Texas, United States. 

Two experiments were conducted in floor-pens to explore 
the effect of a novel microbial serine sfericase 
endopeptidase (ProAct360TM, DSM Nutritional Products) on 
the growth performance and litter ammonia in broiler 
chickens fed corn and soybean meal-based diets. In Exp. 1, 
960 day-old male Cobb 500 over a 35-d period to evaluate 
growth performance were used. The treatments (8 replicates 
with 40 birds per pen) included a nutrient adequate diet (PC, 
crude protein (CP) of 22.0, 20.0 and 18.5% for starter, 
grower and finisher, respectively), a low nutrient density diet 
(NC) which had 4.5% reduction of CP/dig. AA (Met, Lys, Thr, 
Val and Trp) from the PC, and NC diet supplemented with 
protease at 30,000 NFP/kg. In Exp. 2, 552 one-day-old male 
Cobb 500 over a 49-d period to evaluate growth 
performance and litter ammonia were used. Dietary 
treatments (8 replicate cages with 23 birds per pen) included 
a PC diet (CP of 21.2, 19.7, 18, and 16.7% for starter, 
grower, finisher, and withdrawal, respectively), a NC diet 
which had reduction of 107 kcal/kg ME and 2.2% of CP/dig. 
AA (Met, Lys, Thr, Val, and Trp) from the PC, and the NC 
diet supplemented with protease at 30,000 NFP/kg. Litter 
ammonia content was measured at d 49. Data was analyzed 
by Fit Y by X platform using JMP with LSMs being separated 
by Student’s t test. In Exp. 1, birds in NC had poorer body 
weight gain (P=0.006) and FCR (P<0.0001) compared to 
those in the PC, but protease supplementation increased 
body weight gain (+80 g) to a comparable level of the PC, 
and FCR and BWcFCR were improved (P<0.0001) by 2.1 
and 4.8 pts, respectively. In Exp. 2, birds in NC had inferior 
body weight gain (P=0.089) and FCR (P<0.0001) compared 
to those in the PC. Protease supplementation improved FCR 
(P<0.0001) and BWcFCR (P=0.0004) by 4.1 and 7.1 pts, 
respectively; and tended to increase weight gain (+67g) and 
reduce (-23%) litter ammonia content (P=0.06) when 
compared to the NC. In conclusion, protease 
supplementation shows promising effect on growth 
performance and litter ammonia reduction. 

204 Commercial proteases effects on Brazilian 
soybean meals: enzyme product and area of production 
differences on standardized ileal amino acids 
digestibility. Hong Liu1, Jose Otavio Sorbara*1, Levy 
Teixeira1, Julmar D. Feijo2, Sergio L. Vieira2 1DSM 
Nutritional Products, Kaiseraugst, Switzerland; 
2Universidade Federal do Rio Grande do Sul, Porto Alegre, 
Brazil 

A battery cage study was conducted to evaluate the effects 
of two different protease products and two different soybean 
meals (SBM, South and North of Brazil) on standardized ileal 
amino acid digestibility (SIAAD) in broiler chickens. A total of 
784 21-day-old male broiler chickens (Cobb 500) were 
allocated to 11 dietary treatments including a nitrogen-free 
diet (NFD) formulated to determine the endogenous amino 
acids losses. Other 10 treatments were prepared with a 40% 
replacement of the NFD with both SBM. Protease 

supplementation was done with Sfericase Protease at 
10,000 and 30,000 NFP/kg feed, and Protease B at 4,000 
and 16,000 U/kg feed. Treatments included either 16 (only 
for NFD and the two control diets without protease 
supplementation) or 8 replicates of 7 birds each. After 5-day 
of diet adaptation, all birds from cages were euthanized for 
ileal content collection. Data were analyzed using the Fit 
Model Platform of JMP with LSMs being separated by 
Student’s t-test. Results showed that, the SIAAD of birds fed 
SBM from north of Brazil was not different among the control, 
sfericase protease at 10,000 and 30,000 NFP/kg or 
Protease B at 4,000 Ug/kg. Exceptions were Val and Ile 
which had higher digestibility when sfericase protease at 
30,000 NFP/kg was added. Protease B at 16,000 U/kg had 
lower SID for most of the amino acids when compared with 
the Control, Sfericase Protease at both doses, and protease 
B at 4,000 U/kg. The SIAAD of birds fed SBM from the south 
was increased with all protease treatments except for Met. 
Sfericase protease at 30,000 NFP/kg and Protease B at 
16,000 U/kg were equally superior to Protease B at 4,000 
U/kg when SID for most of the amino acids was considered. 
In conclusion, SBM from the south of Brazil had poor SIAAD 
compared to SBM from the north of Brazil. In general, the 
SIAAD was increased with both proteases, however, 
Sfericase protease outperformed Protease B. 

205 Effects of low protein and low energy diets 
supplemented with a xylanase/beta-glucanase 
combination, a protease or a combination of the three 
activities with 2 doses of a consensus phytase on 
broiler performance. Ceinwen Evans*1, Sudipto Haldar2, 
Fajrin Sidiq3, Amir E. Ghane3; 1Danisco Animal Nutrition & 
Health (IFF), Leiden, Netherlands; 2Agrivet Research & 
Advisory P Ltd, Kolkata, India; 3Danisco Animal Nutrition & 
Health (IFF), Singapore, Singapore. 

Economic concerns are driving changes in the way livestock 
diets are formulated. Increasing costs of grains and 
phosphate sources continue to put pressure on producers 
and drive changes in the way producers approach feed 
formulation. One strategy being employed is to feed lower 
protein and energy diets to reduce feed costs. The challenge 
is to be able to do this without compromising bird 
performance. The aim of the current study was to determine 
the effect of a xylanase/beta-glucanase combination and 
single protease or a combination of the three activities in 
combination (AXB+AP) with 1 of 2 doses of consensus 
phytase on performance of male Ross 308 broiler chickens 
fed diets low in protein and energy. The study included eight 
treatments: a positive control diet (PC) formulated to meet 
the birds requirements, a negative control diet reduced in 
nutrients (NC), and the NC supplemented with either 1000 
FTU or 2000 FTU consensus phytase (APG). The phytase 
diets were then supplemented with either 1220 U xylanase 
and 152 U beta-glucanase (AXB), 4800 U protease (AP)/kg 
feed or the three activities combined (AXB+ AP). The NC 
diets were reduced by 120 kcal ME, 4% CP and digestible 
amino acids, 0.219% AvP, 0.213% Ca and 0.043% sodium. 
Diets were corn/soy based and were fed as a starter (0-14 
d), grower (15-28 d), and finisher diet (29-42 d). Diets were 
fed as crumbles or pellets. Feed intake and bodyweight gain 
were recorded weekly and FCR calculated. Mortality was 
recorded daily. European productivity index (EPI) was 
calculated using the performance data. On day 42, 10 birds 
per treatment were selected and euthanized and ileal 
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viscosity determined. Data were analyzed using GLM in JMP 
with means separation by Tukey. Feeding the NC reduced 
performance compared to the PC fed birds in terms of BWG 
(56.41 versus 63.01 g/b/d, P<0.05), FCR (1.667 vs 1.617) 
and EPI (335 vs 376.7, P<0.10). Supplementation of the NC 
diet with APG plus AXB, AP or a combination of both 
improved performance. Significant improvements (P<0.05) 
in BWG, FCR and EPI were observed in treatments 
containing 2000 FTU APG when supplemented with AXB (by 
10%, 8.4 points and 17% respectively), AP (11.1%, 8.2 
points and 15.2% respectively) and the combination of 
AXB/AP (11.3%, 10.5 points and 21%). Ileal viscosity was 
significantly (P<0.05) increased with the NC diet (6.58 cPs 
vs 2.64 cPs). Enzyme supplementation significantly reduced 
viscosity with the greatest reduction seen with the 2000 FTU 
APG plus combination of AXB/AP (2.92 cPs vs 6.58 cPs). A 
combination of 2000 FTU APG + AXB + AP may be an 
effective tool to sustain broiler performance under a low 
protein-low energy dietary regimen which should help in 
reducing feed costs. 

206 Second study of using alternative ingredients to 
totally replace soybean meal and oil in fast growing 
male broilers. Leon Marchal*1, Yueming Dersjant-Li1, 
Abiodun Bello2, Kirsty Gibbs1, Jos Houdijk3; 1IFF, Danisco 
Animal Nutrition & Health, Oestgeest, Netherlands; 2Danisco 
Animal Nutrition - IFF, Wilmington, Delaware, United 
States; 3SRUC, Monogastric Science Research Centre, 
Easter Bush, United Kingdom. 

Previously we reported a proof-of-concept study, where a 
combination of xylanase (1200U/kg), b-glucanase 
(152U/kg), protease (800 U/kg) and probiotics (with phytase 
in the background) in soybean meal (SBM)-free (alternative, 
ALT) diets showed promising results (>95% of breeder’s 
performance objectives). This study further evaluated the 
effect of increasing dose of these enzymes in fast growing 
Ross 308 males fed ALT diet from day 1. A total of 1,444 
birds were used to test 4 dietary treatments with 12 pen 
replicates per treatment and 30 birds per pen. A 
commercially representative wheat, corn, SBM with 

rapeseed (<5%) and sunflower meal (<4.5%)-based diet 
with phytase (a novel consensus bacterial 6-phytase variant, 
PhyG at 1000 FTU/kg) and xylanase (1200 U/kg) was used 
as positive control (PC). Both SBM and Alt diets were 
formulated with ME and digestible lysine at 2850 kcal/kg and 
1.18% in starter (0-10d), 2935 kcal/kg and 1.07% in grower 
(10-21d), 3015 kcal/kg and 0.95% in finisher (21-35d). The 
ALT diet was formulated using a mix of rapeseed-, 
sunflower-, maize gluten meal, pea flour, faba bean, lupin, 
potato protein, the synthetic sources of the first 7 limiting 
amino acids and rapeseed oil. Probiotic was included 
(150000 CFU/g) and the PhyG inclusion increased to 2000 
and 1500 FTU/kg in starter and grower phases, respectively 
vs PC. The ALT diet was additionally supplemented with a) 
mixed enzyme with xylanase at 1200 U/kg and b-glucanase 
at 152 U/kg plus protease at 4000 U/kg 
(ALT1+XB100+P4000), b) doubled XB dose and with 
protease at 2000 U/kg (Alt+XB200+P2000) or 4000 U/kg 
(ALT+XB200+P4000). Data were analyzed as one-way 
ANOVA and treatment mean comparison by Tukey test. In 
starter phase, Alt+XB200+P2000 and ALT+XB200+P4000 
increased (P<0.05) d10 body weight (BW), body weight gain 
(BWG) vs PC while feed intake (FI) was not affected and 
feed conversion ratio (FCR) was reduced with 
Alt+XB200+P2000. Final BW was maintained with 
ALT+XB200+P4000 compared to PC (2679 vs 2688g/bird), 
ALT1+XB100+P4000 showed intermediated final BW 
(2641g), but the Alt+XB200+P2000 treatment had lower 
(P<0.05) final BW (2610g), although still greater than the 
breeder’s performance objective (2441g at day 35, Aviagen 
2022). Overall, 1-35d FCR was increased (P<0.05) in 
alternative diets, however the ALT diets greatly (P<0.05) 
reduced total carbon footprint (fossil + land use and land use 
change, Feedprint, WUR) by up to 57%. The result indicated 
the dose combination of xylanase at 2400 U/kg, b-glucanase 
at 304 U/kg with protease at 4000 U/kg, in diet containing 
phytase and probiotics, could be an effective strategy in 
using less digestible alternative feed ingredients to replace 
SBM in commercial broiler production. 
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Metabolism and Nutrition: Feed Additives I

207 Sustainable poultry farming without AGPs: 
impact of feed additives on the intestinal diet-
microbiota-immunometabolic axis in poultry 
production. Michael Kogut*1; 1USDA-ARS, College Station, 
Texas, United States. 

One critical challenge for the sustainability of the poultry 
industry is to enhance bird productivity while improving 
economic efficiency and reducing environmental impact. 
Diet represents the major cost in raising broilers with 
significant implications for environmental impact. Thus, 
improving broiler feed efficiency is vital to promote a 
sustainable escalation of poultry production. Improving feed 
efficiency requires a balance between nutrient supply and 
the improvement of nutrient digestibility. The main 
determining factor of feed conversion efficiency is gut health 
which allows animals to extract more nutrients from their 
feed, resulting in less feed being required to achieve the 
same level of growth. Further, advances in feed efficiency, 
nutrition and sustainability must consider the effects on gut 
health resulting from changes in diet, feed formulations, and 
feed ingredients because all can negatively impact the 
intestinal ecosystem that ultimately impairs feed efficiency, 
growth, welfare, and causes economic losses for the 
producers. Removal of AGP’s from animal feeds has 
identified feed additives that manipulate the gut health of 
chickens. Feed additives represent classes of molecules, 
compounds, or organisms that promote ingestion and 
absorption of nutrients, growth, and health affecting multiple 
physiological processes such as immune function, stress 
resistance, and reproduction. Feed additives are usually not 
required nutrients included in feed formulations. The focus 
for dietary feed additives is their effects on the diet-
microbiota-immunometabolic axis in increasing feed 
efficiency. Although progress has been made, a major 
knowledge gap exists in that most studies have failed to 
establish a causal link between the additive, changes in the 
diet-microbiota-immunometabolic axis, and increased feed 
utilization. The lack of causation studies deteriorates the 
foundation for using specific feed additives for increased 
feed efficiency that aim to target the gut microbiota or enteric 
immunity. Thus, it is suggested here that future studies on 
the interactions of feed additives and the different 
components of a healthy gut must move beyond correlation 
to causation, and only after a cause–effect relationship has 
been established can we fully realize the therapeutic 
potential of a feed additive in improving feed efficiency as a 
sound basis for the sustainability of poultry and their 
involvement in gut health targeted precision nutrition. 

208 Dietary strategies using butyrate or butyric 
glycerides in combination with different selenium 
sources to improve older laying hens performance. Tim 
Goossens*1, Denise Cardoso1, Barbara Mallmann1, Haitham 
Yakout3, Wanderley Quinteiro-Filho1, Lv-Hui Sun2; 1Adisseo, 
Sint-Niklaas, Belgium; 2Huazhong Agricultural University, 
Wuhan, China; 3Adisseo, Raleigh, North Carolina, United 
States. 

Recently, interest has been growing in finding novel 
nutritional strategies that can be implemented to support 
both the health and performance of laying hens, thereby 
improving the profitability and egg production.This trial was 

designed with the objective of investigating the effects of two 
sources of butyrate (coated sodium butyrate and butyrate 
glycerides), either with or without the addition of organic 
selenium (OH-SeMet), on the performance of aged (45-60 
weeks old) laying birds. Hy-Line brown hens (n:900, 45-
weeks-old) were randomly allocated to five dietary treatment 
groups with ten replicates of 18 hens each and utilized for 
20 weeks experiment. The experimental diets were based 
on commercial feeds supplemented with 0.3 mg/kg of 
sodium selenite (Control), and with 240 mg/kg butyric acid, 
either from coated butyrate (a 24% butyric acid product; T2), 
or butyric glycerides (a 40% butyric acid product; T3). In 
treatments 4 and 5, OH-SeMet was used at 0.3 mg/kg of Se, 
combined with the coated butyrate (T4) or with the butyric 
glycerides (T5). Data were evaluated using ANOVA with 
significant differences considered at P ≤ 0.05, and a Tukey 
test was used to compare separated means. 
Results showed that the implementation of different 
nutritional strategies supported laying performance in a T5 > 
T4 > T3 > T2 > Control trend, with T4 and T5 performing 
significantly better (+2.7% and + 4.8%; P ≤ 0.05) than the 
Control. Supplementation of butyrate-based products 
improved FCR, as observed in a numerical improvement for 
T2 (-1.4%) and a significant difference (-1.8%, P ≤ 0.05) in 
T3 over the control group. This effect was further improved 
to -2.1% with the inclusion of OH-SeMet in the diet (P ≤ 
0.05). Compared to the Control group, T5-treated birds were 
also characterized by significantly (P ≤ 0.05) lower serum 
malondialdehyde (MDA), IL-6, and alanine 
aminotransferase (ALT) values and higher serum total anti-
oxidation competence (T-AOC), glutathione peroxidase 
(GPX) and IgA, IgG and IgM levels. Interestingly, lower MDA 
and higher GPX values were also found in the liver and 
uterus in these hens. To summarize, this trial adds evidence 
to the potential of butyrate additives, alone or in combination 
with OH-SeMet, as effective nutritional strategies to improve 
laying hens performance. This effect might be partially 
explained by their modulation of the redox status and 
immunity-related responses. Further analyses are ongoing 
to explore whether the two butyrate supplements exert their 
effect via distinct modes of action. 

209 Evaluation of Eastman Entero-Nova™ Poultry 
Base on broiler performance in two consecutive floor 
pen trials. Jundi Liu*1, Trisha M. Johnson1, Danielle 
Graham2, Kyle Teague2, Ross Wolfenden1, Billy M. Hargis2, 
Bradley Turner3; 1Eastman Chemical Company, Kingsport, 
Tennessee, United States; 2University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States; 3Poultry 
Research Partners, LLC, Athens, Georgia, United States. 

Two pen trials were conducted to evaluate the 
supplementation of a SCFA monoglyceride blend (Eastman 
Entero-Nova™ Poultry Base) on broiler performance 
through 42 or 49 days. In trial 1, a special corn- low-
digestible soybean meal based experimental diet (raw, 
normally processed-, over-processed soybean meal mixed 
at 1:1:1 ratio) was used to induce enteric inflammation. A 
total of 960 one-day-old male Cobb 500 broilers were 
randomly distributed into 4 groups (20 chicks/pen; 12 
replicates/treatment): (1) highly-digestible soybean meal 
control (HC); (2) low-digestible soybean meal control (LC); 
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(3) LC + 1,000 mg/kg Entero-Nova™ Poultry Base 
(prototype); (4) LC + 1,500 mg/kg Entero-Nova™ Poultry 
Base (prototype). BW gain and feed conversion were 
measured on d 14, 28 and 42. In trial 1, the negative impact 
of the low-digestible soybean meal fed to group LC was 
confirmed by the impairment in FCR when compared to the 
HC group (1.635 vs 1.525) at d 42. There was no significant 
difference on 42 d FCR between the HC and Entero-Nova 
™ Poultry Base prototype at high inclusion rate. Adding 
Entero-Nova ™ Poultry Base prototype at 1,500 mg/kg 
numerically improved the FCR compred to the LC (1.588 vs 
1.635) on d 42. In trial 2, birds were raised in pens in a 
commercial-type house with a history of clinical necrotic 
enteritis due to an environmental clostridial challenge. A total 
of 1,000 one-day old commercial male Ross 708 broilers 
were randomly distributed into 2 groups (40 chicks/pen): (1) 
Control (12 replicates); (2) 1,500 mg/kg Entero-Nova™ 
Poultry Base (13 replicates). BW and feed conversion were 
measured on d 14, 28 and 49. Data from both trials were 
analyzed by ANOVA GLM and means were separated via 
Tukey’s HSD test with significance reported at P < 0.05. In 
trial 2, the supplementation of Entero-Nova™ Poultry Base 
at 1,500 mg/kg significantly improved the BW on d 49 
compared to the Control (3.50 kg vs 3.42 kg). A significant 5 
points improvement on the 49 d FCR was observed in birds 
fed Entero-Nova™ Poultry Base. In conclusion, adding the 
monoglyceride blend, Eastman Entero-Nova™ Poultry 
Base, at 1,500 mg/kg improved BW and FCR in broilers fed 
suboptimally processed soybean meal as well as broilers 
raised under a commercial-like conditions. 

210 Effect of a proprietary butyrate product on weight 
gain, feed conversion, and production economics of 
Ross 708 and Cobb 500 broilers. Cody Flores*1, Shameer 
Rasheed1, Kristy Dorton1, Mark LaVogna1, Mahmoud 
Masadeh1; 1Devenish Nutrition, Fairmont, Minnesota, 
United States. 

Two studies were conducted to determine the effect of a 
butyrate product (UltraGuard Quattro (UGQ), Devenish 
Nutrition, Fairmont, MN), a proprietary blend of calcium and 
sodium butyrate, on growth performance of Ross 708 and 
Cobb 500 broilers. In study 1, 900 1-d-old Ross 708 broilers 
(as hatched) were randomly allocated to 2 treatment groups 
of 9 pens/treatment (50 birds/pen; 1.08 ft2/bird). Treatment 
groups were Control or UGQ at 0.5 lb/ton in the starter (ST), 
grower (GR), and finisher (FN) diets. A coccidiostat (Zoalene 
1 lb/ton) was included in the diets to control coccidiosis. In 
study 2, 3,000 1-d-old Cobb 500 broilers (as hatched) were 
randomly allocated to 5 treatment groups of 12 
pens/treatment (50 birds/pen; 0.88 ft2/bird). Treatment 
groups were 1) Control, 2) UGQ at 1 lb/ton in ST and 0.5 
lb/ton in GR diet, 3) Calcium butyrate at 1 lb/ton in ST and 
0.66 lb/ton in GR diet, 4) tributyrin at 1 lb/ton in the ST and 
GR diets, and 5) Sodium butyrate at 2 lb/ton in the ST and 1 
lb/ton in the GR diet. No butyrate product was added to FN 
diets. Broilers in Study 2 also received an Eimeria challenge 
infection on d 4 using a coccidiosis vaccine (Coccivac B-52; 
Merck Animal Health, Madison, NJ) at 20-times the 
recommended dose applied on the ST feed. Feed 
consumption and BW were measured on d 0, 16, 31, and 45 
(Study 1) or d 0, 14, 28, and 42 (Study 2). Weight gain and 
feed conversion (FCR) were determined. Data were 
analyzed as a one-way ANOVA using the Mixed procedure 
of SAS with pen as the experimental unit. Means were 

separated by Fisher’s protected least significant difference. 
Differences were considered significant at P ≤ 0.05 and a 
trend at P ≤ 0.10. Weight gain and BW were not significantly 
affected by treatment in both studies. In Study 1, broilers 
supplemented with UGQ had better FCR from d 0 to 16 (1.05 
vs. 1.07; P = 0.004), d 32 to 45 (1.75 vs. 1.81; P < 0.001), 
and d 0 to 45 (1.48 vs. 1.50; P = 0.01), and better BW 
adjusted FCR (1.48 vs. 1.52; P = 0.02). In Study 2, broilers 
supplemented with UGQ tended to have better FCR from d 
15 to 28 (1.20 vs. 1.22 and 1.22; P = 0.07) and d 0 to 28 
(1.19 vs. 1.21 and 1.21; P = 0.07) compared to control and 
tributyrin, respectively, and from d 0 to 42 (1.58 vs. 1.60, 
1.60, and 1.60; P = 0.06) compared to control, tributyrin, and 
sodium butyrate, respectively. Additionally, UGQ 
supplementation resulted in better feed cost savings per lb 
of live weight produced due to better adjusted FCR (1.58 vs. 
1.60, 1.60, and 1.62; P = 0.32). Overall, the results showed 
that supplementation of UGQ improved the growth 
performance and production economics of broilers, which 
could lead to more profit for the producer. 

211 Novel probiotic (Bacillus strains) and coated 
calcium butyrate on intestinal integrity of broiler 
chickens. Rafaela Pereira2, Allan G. Dias1, Marcos B. 
Cafe1, Elisa François*2, José L. Schneiders2; 1Federal 
University of Goiás, 74001-970, Goiânia, Brazil, Goiânia, 
Goiás, Brazil; 2Kemin do Brasil Ltda, Animal Nutrition and 
Health Division, 13279-450, Valinhos, Brazil, Valinhos, São 
Paulo, Brazil. 

The supplementation individual or a combination of probiotic 
and butyric acid has been studied and applied to improve gut 
health of broilers mainly by modulating gut integrity and 
exhibiting antimicrobial effects. The objective of this study 
was to investigate the effects of a novel dietary probiotic 
(blend of three Bacillus strains,) a coated calcium butyrate 
(CCB) in two doses as well as the combination of the 
probiotic and CCB as an alternative to antibiotic growth 
promotors (AGP) on the intestinal integrity and growth 
performance in broiler chickens. A total of 1,152 1-day-old 
male Cobb 500® chicks were randomly assigned in one of 
six treatments, each consisting of 12 replicates (n= 12 
chicks/floor-based pen). The chicks were fed a corn-
soybean meal diet as follow: 1. Negative Control (NC, basal 
diet); 2. Positive control (PC; NC + enramycin); 3. Probiotic 
(PB, NC + 0.05% PB); 4. CCB (NC + 0.03% CCB); 5. CCB 
(NC + 0.05% CCB); 6. PB + CCB (NC + 0.05% PB + 0.03% 
CCB) until 42 days of age. On day 21 days of age, to assess 
the gut permeability, six birds / treatment (n=36) were 
randomly selected, and 0.5 mL/bird by oral gavage of 
fluorescein isothiocyanate (FITC-d) solution was given to the 
birds. After 2 h the blood was collected to determine serum 
concentration of FITC-d. The weekly performance and the 
indicator of the intestinal permeability (FITC-d) were 
subjected to analysis de variance using general linear 
models procedure of SAS. Significant differences among the 
means were determined by using Tukey multiple range test 
at P ≤ 0.05. From 1 to 35 days, birds from the NC, PB and 
0,03% CCB had a higher body weight (BW) in relation to the 
PC, 0.05% CCB and PB + 0.03% CCB groups (P< 0.02); 
while for the feed intake (FI) and feed conversion rate (FCR) 
there were no statistical difference (P>0.05). From 1 to 42 
days, there were no significant difference among the 
treatments for any performance variable (P>0.05). On the 
other hand, birds fed either PC or PB or 0.03 % CCB or 
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0.05% CCB as well as PB + CCB had lower serum FITC-d 
in comparison to the birds fed NC (P < 0.001). This indicates 
that the use the AGP, or PB or CCB were important to 
prevent disruption of the intestinal barrier of the 
gastrointestinal tract, resulting in increased gut integrity. 
Thus, the supplementation of PB and CCB could substitute 
AGP in broilers considering the effects on intestinal integrity. 

212 The effects of iron levels and manganese source 
on broiler performance. Karlinton Flores*2, Scott Fry1, 
Gavin Boerboom1, Marcos Rostagno2; 1Selko, Feed 
Additives, Amersfoort, Utrecht, Netherlands; 2Selko USA, 
Indianapolis, Indiana, United States. 

Poultry diets usually do not account for the iron (Fe) 
supplemented from different ingredients such as bone and 
poultry meal. Iron is generally also present in poultry 
premixes. Adding high levels of Fe oxide to color and 
distinguish feeds is also common. At the same time, it is 
known that Fe is an antagonist of manganese (Mn). 
Manganese is a necessary element for Mn superoxide 
dismutase and energy metabolism. Other factors to consider 
are the source of Mn and the levels at which these can be 
used before affecting performance. The objective of the 
current work was to investigate a potential interaction 
between high levels of Fe and Mn. In order to achieve this 
goal, a complete randomized block study with a factorial 
arrangement, plus a positive and negative control for Fe 
(2×2×2 +2) was conducted. A total of 576 male, Ross 308 
chicks were allocated to 72 cages randomized in six blocks 
(8 birds/cage). All birds were fed a control diet until seven 
days of age. Two levels (10 or 30 ppm) and sources of Mn, 
(sulfate or IntelliBond M (Selko US, Indianapolis, USA)), 
were tested in normal or high Fe diets (~300 ppm vs. ~700 
ppm Fe). High Fe was achieved by adding 400 ppm 
supplemental Fe. Performance data, body weight (BW), feed 
intake, and BW-adjusted feed conversion ratio (FCR) were 
measured and analyzed. Data were analyzed using a mixed 
model with blocks as a random effect according to a 2x2x2 
factorial design. The controls were used to estimate 
bioavailability with linear regression based on performance. 
Birds fed a high Fe diet had lower performance through 28 
days of age when compared to birds fed normal Fe diets. At 
35 days, birds supplemented with Fe were behind by 72 g in 
BW (2.580 vs. 2.508 ± 0.014 g; P≤0.05). In order to offset 
the Fe challenge concerning BW, the birds had to be fed with 
IntelliBond M (IBM) at 30 ppm. At 35 days of age, IBM at 30 
ppm improved Fe-challenged birds' BW by 107 g compared 
to sulfate (2.560 vs 2.453 ± 0.01 g; P≤0.05). Regarding FCR, 
birds fed a Fe challenge, and IBM at 30 ppm tended to 
improve 4.4 FCR points over its sulfate counterpart (1.328 
vs. 1.372 ± 0.008; P=0.08). In conclusion, supplementing Fe 
by 400 ppm was a successful nutritional challenge model 
affecting BW and FCR of birds. However, birds fed IBM at 30 
ppm could offset the challenge in terms of BW and FCR 
compared to their sulfate counterpart, mainly explained by 
IBM’s higher availability. 

213 Interaction between dietary copper levels and 
essential oil supplementation on growth performance of 
commercial broilers. Karlinton Flores*1, Melchior de 
Bruin2, Scott Fry3, Emma Wall2; 1Selko USA, Raleigh, North 
Carolina, United States; 2Nutreco Exploration, Amersfoort, 
Utrecht, Netherlands; 3Selko, Feed Additives, Amersfoort, 
Utrecht, Netherlands. 

Many commercial broiler operations utilize high levels of 
copper (Cu) to improve gut health and performance. In 
addition, essential oils (EO) are phytochemical metabolites 
derived from medicinal plants used to improve performance 
in poultry. The objective of these studies was to determine 
whether there is an interaction between Cu levels and EO 
on growth performance of commercial broilers. In US 
research facitlies, broilers raised until 42d received a diet 
containing EO of cinnamon, clove, and oregano (CCO) 
under high Cu (HC) or nutritional Cu (NC). In trial 1, Ross 
308 broilers (~450 birds/treatment) were assigned to no 
supplement (CON) or CCO (150 ppm; Fytera Perform, Selko 
USA). Birds in the HC group were fed 125 ppm Cu 
(IntelliBond C II, Selko USA) until the finisher phase, then 
NC (11-15 ppm) during finisher. NC birds were fed the NC 
diet during the entire experiment. Used litter was applied to 
the pens to mimic US production challenge conditions. In 
trial 2, the same design was used with 228 birds/treatment 
and Cobb 500 genetics. Two-way ANOVA was used to 
detect interactions between Cu and CCO. Across studies, 
three-way ANOVA was used to determine the interaction 
between Cu, CCO, and trial. Four additional studies were 
then conducted with CCO under HC and were included with 
trials 1 &2 in a multiple trial analysis. In trial 1, there was an 
interaction (P < 0.01) between Cu and CCO for BW, such 
that CCO supplementation increased BW (2.24 vs. 2.11 kg; 
P < 0.01) under NC but not under HC (P > 0.40). A similar 
interaction (P < 0.05) was observed for BW-adjusted FCR, 
which was reduced with CCO (1.79 vs. 1.88; P < 0.03) under 
NC whereas there was no effect under HC (P > 0.40). Feed 
intake (FI) averaged 3.92 kg and was unaffected by Cu, 
CCO, or the interaction. In trial 2, there were no significant 
interactions between Cu and CCO supplementation on any 
outcome variables (P > 0.50). The FI and BW averaged 3.93 
kg and 2.83 kg, respectively, and were not affected by 
treatment. Regardless of Cu level, BW-adjusted FCR tended 
to decrease with CCO (1.58 vs. 1.62; P < 0.13). Three-way 
ANOVA across studies confirmed the existence of a 
Cu*CCO*trial interaction (P < 0.06) for BW and FCR. These 
findings highlight the need for ample replication when 
evaluating the effect of CCO under high dietary Cu, which is 
standard practice in the US. When analyzed across all 6 
studies, CCO supplementation tended to increase BW (2.45 
vs. 2.41 kg; P = 0.09), whereas there was no effect (P > 0.50) 
on FI, which averaged 3.98 kg. Consequently, CCO 
consistently decreased BW-adjusted FCR (1.64 vs. 1.68; P 
< 0.01). In conclusion, HC and CCO supplementation 
improve commercial broilers' growth performance when 
used in combination. 
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Animal Well-Being and Behavior

214 Building a Better Laying Hen: The Importance of 
Early Experience. Tina Widowski*1,2; 1University of Guelph, 
Animal Biosciences, Guelph, Ontario, Canada; 2University 
of Guelph, Campbell Centre for the Study of Animal Welfare, 
Guelph, Ontario, Canada. 

Non-cage systems, particularly complex aviaries, pose 
numerous challenges for laying hens. Hens can have 
difficulties navigating the systems, experience falls and 
collisions resulting in injuries, and can startle and pile during 
fear-provoking events, which can lead to smothering. 
Therefore, for hens to adapt well and thrive in aviaries, they 
must be smart, physically fit and calm. Practical experience 
has shown that it is imperative that hens destined for 
complex housing must also be reared in complex housing, 
and a growing body of literature is helping us to understand 
why. Rearing pullets in complex aviaries that provide 
opportunities for load-bearing exercise, for example, affects 
muscle development and the morphology, size, and strength 
of bones. Experience with 3-dimensional space and specific 
structural elements such as perches and ramps supports the 
development of the spatial, cognitive, and motor skills 
required to navigate the systems. Finally, a hen's rearing 
experience influences her perception of fearful stimuli and 
how she responds – by flight or freezing. Additionally, 
various genetic strains of pullets behave differently in rearing 
systems of different designs, with genotype by environment 
interactions resulting in strain dependent physical and 
behavioral outcomes. This presentation will review the latest 
research on the effects of different rearing aviary designs 
and early experience with different structural components on 
the behavior and welfare of different genetic strains of layer 
pullets and hens. 

215 Aviary-style housing differentially impacts 
production, intestinal morphology, and bone health in 
mature White Leghorn laying hens. Samar A. Tolba*12, 
Annabel K. Noel1, Brittney P. Kokinos1, Rachel A. Budde1, 
Jake B. Hermanson3, Ashley A. Tarcin1, Dana K. Dittoe4, 
Steven C. Ricke1, Thomas D. Crenshaw1, Vanessa A. 
Leone1; 1University of Wisconsin-Madison, Department of 
Animal & Dairy Science, Madison, Wisconsin, United 
States; 2Zagazig University, Department of Nutrition and 
Clinical Nutrition, Zagazig, Egypt; 3University of Wisconsin-
Madison, Department of Nutritional Sciences, Madison, 
Wisconsin, United States; 4University of Wyoming, 
Department of Animal Sciences, Laramie, Wyoming, United 
States. 

Concerns for laying hen welfare have stimulated interest in 
alternative housing strategies for the European Union and 
United States poultry industries. An unmet need is to 
understand both acute and chronic consequences of 
alternative housing on laying hen health, i.e., bone, and 
production outcomes. Here, we assessed conventional 
(CONV) vs. aviary-style (AS) housing impacts on egg 
production, intestinal morphology, and bone health as 
measures of hen well-being. At 56 weeks (wk) of age, CONV 
White Leghorn layers were either maintained continuously in 
individual CONV cages (n = 60 hens) or shifted from CONV 
to AS (n = 60 hens, 4 pens, 15 birds/pen) and fed identical 
diets for 12 wks. Body weight (BW), food intake (FI), and 
blood samples were collected monthly. After 12 wks, 32 

hens per treatment were randomly selected and humanely 
euthanized via CO2 asphyxiation; intestine and right tibias 
were collected. Data were analyzed via unpaired non-
parametric t-test. Following housing shift, AS hens exhibited 
decreased BW, FI, and egg production relative to CONV 
hens in the first 2 wks (P < 0.05). While hen egg day 
production was identical between groups by wk 4, AS hens 
continued to exhibit decreased BW relative to CONV hens 
despite increased FI (P < 0.05). However, by wk 12, AS hens 
displayed heavier BW than CONV hens (P < 0.05) with 
corresponding trends in increased FI. AS hens had 
increased duodenum villi length, villi width, and villi 
length/crypt depth ratio relative to CONV hens (P < 0.05) in 
H&E-stained formalin-fixed intestinal segments, with no 
differences in jejunum or ileum (P > 0.05). Housing system 
did not impact plasma lipid profile (P > 0.05), except for 
decreased total triglycerides in AS hens vs. CONV hens at 
wk 4 (P < 0.05). No differences in right tibia midshaft 
breaking strength, yield load, or percent whole bone ash 
were observed between AS and CONV hens (P > 0.05). 
However, total, proximal, and distal tibia density were 
increased in AS vs. CONV hens (P < 0.05), determined via 
computerized tomography. Collectively, transition of hens to 
AS elicited an initial reduction in egg production, FI, and BW 
that was recovered after 2 wks, then responses exceeded 
that of CONV hens. After 12 wks, AS altered duodenal 
histomorphology, which corresponded with increased BW 
and FI. Despite not detecting an improvement in tibia 
strength, total and regional bone density traits were 
enhanced by AS, inferring an increase in activity related to 
housing may delay or prevent osteoporosis. Future studies 
to quantitate behavioral changes and identify molecular 
biomarkers associated with housing strategies are needed 
to justify long-term hen health and productivity 
recommendations for alternative housing systems. 

216 Circadian rhythm in turkey hens reared under 
different scotoperiod durations: Behavior and ocular 
health indicators. Allison N. Pullin*1, Jesse Grimes1, Casey 
Nestor2; 1North Carolina State University, Prestage 
Department of Poultry Science, Raleigh, North Carolina, 
United States; 2North Carolina State University, Department 
of Animal Science, Raleigh, North Carolina, United States. 

Turkey welfare audit tools vary in the duration of minimum 
dark period (i.e., scotoperiod) required for growing birds. 
Scotoperiod duration differentially affects the behavior and 
health of toms, but fewer studies have evaluated these 
outcomes in hens. We aimed to assess the effect of 
scotoperiod duration on behavioral activity patterns and 
ocular health in turkey hens. At 3 d of age, 825 Nicholas 
Select hens were randomly assigned to one of four 
scotoperiod treatments (0 h, 2 h, 4 h, 8 h of dark; n = 3 or 4 
independent light control rooms/treatment; 55 hens/room). 
Rooms were video recorded for 24 h at 7 wk of age to 
determine the proportion of active birds every 10-min with 
instantaneous scan sampling. At 13 wk of age, 2 hens/room 
were euthanized, weighed, then dissected to collect the right 
eye. Eyes were weighed, then measured with digital calipers 
to quantify cornea diameter (CD), averaged medial-lateral 
dorsal-ventral diameter (MLDV), and anterior-posterior 
diameter (AP). In R Studio, behavior data were analyzed 
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with a generalized linear mixed model, and ocular metrics 
were analyzed with a linear mixed effects model including 
body weight as a covariate. Scotoperiod duration interacted 
with hour of the day to influence the proportion of active birds 
(p<0.0001). Hens reared with 2 h, 4 h, or 8 h of dark 
displayed distinct diurnal rhythms, where significantly more 
hens were active for a continuous period of time followed by 
a significant decrease in hen activity for a continuous period 
of time. The pattern was more pronounced (i.e., more 
consecutive hours of activity) in 4 h and 8 h scotoperiod hens 
than 2 h hens. Alternatively, hens reared without a 
scotoperiod displayed no rhythm, maintaining a consistent 
proportion of active birds over 24h. Hens need at least 2 h 
darkness to develop circadian rhythm. Scotoperiod 
influenced ocular health, such that hens reared with no 
scotoperiod had heavier eyes (p=0.015) and longer MLDV 
(p=0.0058) than all other scotoperiod treatments. 
Scotoperiod did not affect CD (p=0.61) or AP (p=0.13). Eye 
morphology is linked to circadian rhythms, such that eye 
growth slows during darkness while melatonin rises. 
Enlarged eyes and a lack of behavioral rhythm suggest that 
hens reared without a scotoperiod have altered melatonin 
function. Furthermore, enlarged eyes may be associated 
with inflammatory ocular disease and reduced vision quality, 
which warrants further investigation. 

217 Effects of variable light intensity lighting program 
and enrichment huts on the hepatic lipid and glucose 
metabolism in commercial broilers. Seong W. Kang*1, 
Karen Christensen2, Michael Kidd Jr1, Sara Orlowski1, 
James Clark2; 1University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 2Tyson Foods, Inc., 
Springdale, Arkansas, United States. 

A variable light intensity (VL) lighting program was reported 
to increase the welfare and performance of commercial 
broilers by stimulating voluntary natural behavior and 
movement, which were measured by the observation of 
dustbathing behavior and the tracking activity of birds in 
commercial broiler house, respectively. To unravel potential 
metabolic pathways related to feed efficiency (lower FCR), 
we investigated the effects of VL lighting program and 
environmental enrichment hut (EH) on the metabolic 
functions of liver including fatty acid synthesis, fatty acid 
beta-oxidation, and gluconeogenesis. Day old broilers (Cobb 
700) were housed in four commercial broiler houses (12.8 m 
x 122 m, wood-shavings). Each quadrant (section) of the 
house was placed with 4,800 chicks with all source flocks 
equally represented in each section. Two lighting programs 
began on day 7 with 20 lux (lx) or VL (2-5/40 lx) using LED 
lights on a 16L:8D photoperiod. To see the effect of 
enrichment hut, 3 huts per 1000 sqft were placed in each 
section of 20 lx and VL houses (20 lx-Con, 20 lx-Hut, VL-
Con, and VL-Hut, section n=4/trt). Liver samples were 
collected in dry ice at 49 days of age (bird n=12/trt). Hepatic 
expressions of CPT1a (carnitine palmitoyl transferase 1), 
ACACA (acetyl-CoA carboxylase alpha), FBPase (fructose-
1,6-bisphosphatase), GR (glucocorticoid receptor), and 11b-
HSD1 (11 beta-hydroxysteroid dehydrogenease-1) mRNA 
were determined by qPCR. Differences of data were 
analyzed using one-way ANOVA followed by mean 
separation using the Tukey’s HSD test. Expression of 
CPT1a increased over three-folds in the liver of VL-Con birds 
compared to 20 lx - Con birds (p<0.05). EH treatment in VL 
birds (VL-Hut) deceased CPT1a (p<0.05) but not in 20 lx 

birds (20 lx-Hut). Expression of ACACA was significantly 
decreased in VL-con birds compared to 20 lx-Con birds. 
There was no significant difference of the hepatic FBPase, 
GR, and 11beta-HSD1 expression between 20 lx-Con and 
VL-Con birds, but EH significantly stimulated GR in 20 lx-Hut 
birds, and stimulated FBPase and 11beta-HSD1 expression 
in the VL-Hut birds compared to 20 lx-Con birds. Taken 
together, these results suggest that VL lighting program 
decreased fatty acid synthesis and activated fatty acid beta 
oxidation in the liver of commercial broilers. In addition, 
environmental EH might have a critical role in the optimal 
hepatic glucose metabolism of commercial broilers. 

218 Measuring physical activity: Is a low-cost activity 
tracker suitable to determine physical activity in 
broilers? Carolin Adler*1, Shaan Duhra1, Tory Shynkaruk3, 
Karen Schwean-Lardner2; 1University of Saskatchewan, 
Animal and Poultry Science, Saskatoon, Saskatchewan, 
Canada; 2University of Saskatchewan, Animal and Poultry 
Science, Saskatoon, Saskatchewan, Canada; 3University of 
Saskatchewan, Animal and Poultry Science, Saskatoon, 
Saskatchewan, Canada. 

Low-cost activity trackers (AT) are available for cats and 
dogs, and this study validated the FitBark (FitBark 2, FitBark 
Inc., Kansas City, MO) device for 30 to 32-day-old male 
Ross 708 broilers. The AT detects movements via tri-axial 
accelerometer technology and provides aggregated activity 
levels for 1-min intervals. For the study, broilers were housed 
in 5 rooms, each divided into 12 2x2.3 m pens (31 kg/m2 
final density). Feed and water were available on an ad 
libitum basis. The light was provided 20 hours per day (10 
lux). For days 30 to 32, one broiler per room (n=5) was 
randomly chosen from a pen and equipped with a 13-g AT. 
Elastic loops were placed around the wings to secure the AT 
medially on the back. At the same time, ceiling-mounted 
video cameras served for validation. For the video 
recordings, 20-minute continuous sampling during the photo 
phase was conducted at 8 time periods per bird (day 30: 
11:00 am, 5:00 pm, 11:00 pm; day 31: 5:00 am, 5:00 pm, 
11:00 pm; day 32: 5:00 am, 9:00 am). The behavior was 
assessed every second using an ethogram (9,600 data 
points per bird). In a first step, the observed behaviors were 
allocated to three activity categories: 0=low (sitting, laying, 
standing), 1=medium (eating, drinking, shuffling, slow 
walking, preening, pecking, scratching, standing up, laying 
down, disturbed, stretching, scratching), and 2=high 
(running, flapping, dust bathing). The observed activity (OA) 
per minute was calculated as the sum of the percentages of 
low, medium, and high activity multiplied by the respective 
activity category (160 data points per bird). Statistical 
analyses were performed with SPSS Statistics 25 (IBM 
Corporation, Armonk, USA). The AT and OA data were not 
normally distributed (1-sample KS test, all n=800, ZAT=0.21, 
ZOA=0.24, all P<0.001). Therefore, a Spearman’s correlation 
was performed to measure the co-variation between the AT 
and OA, showing a significant positive correlation (rs=0.80, 
P<0.001). In a second step, the AT and OA data were 
differentiated in active (categories 1 and 2) and inactive 
(category 0), and a cross table served to calculate the 
sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV). Results showed that 91% 
(sensitivity) of the active and 74% (specificity) of the inactive 
birds were correctly identified by the AT. If the AT showed 
that the bird was active or inactive, there was a probability of 
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89% (PPV) and 78% (NPV) that the bird was active or 
inactive based on the OA data. In conclusion, low-cost 
devices like the FitBark are useful for activity measurements 
in 30 to 32-day-old male Ross 708 broilers. Further research 
should focus on validating FitBarks in other ages and poultry 
species. 

219 Keel bone fractures and feather conditions of 
laying hens in furnished colony cages are affected by 
rearing environment and genetic strain. Ana K. 
Rentsch*1, Tina Widowski1; 1University of Guelph, Animal 
Bioscience, Guelph, Ontario, Canada. 

Keel bone fractures (KBF) and feather damage are two 
major welfare issues in laying hens housed in complex 
housing systems. KBF is more likely to occur in flighty birds 
and when bones are fragile; both can be alleviated with 
increased environmental complexity during rearing. Feather 
damage can be a result of severe feather pecking, a 
multifactorial problem including foraging possibility, stress, 
and group size. We asked whether increased opportunity for 
exercise and access to foraging material during rearing 
would decrease KBF and feather damage during lay. We 
reared two flocks of Lohmann Brown-lite (brown) and 
Lohmann Selected Leghorn-lite (white) pullets in four 
different housing systems: conventional cages (Conv), or a 
rearing aviary with litter and either low (Low), moderate 
(Mid), or high environmental complexity (High). At 18 weeks 
of age (WoA), birds were moved into furnished cages (n=6/ 
strain/rearing treatment). Group sizes were either 30 or 60 
birds (balanced across treatment groups), and cages were 
furnished with perches, nest curtains, and a scratch mat. At 
30, 50, and 70 WoA, a random subset of hens (20% of each 
cage) was radiographed (X-ray), and feather cover scored 
(more damage= higher score). A visual scale1 was used to 
assess KBF from X-rays, considering fracture type/s and 
proportion of the affected area (more damage= higher 
score). Linear mixed effect models were fitted with genetic 
strain, rearing housing, age, and their interactions as fixed 
effects. Hens raised in High had lower KB scores than those 
from Low or Mid but not Conv (p=0.007). Whites had lower 
KB scores than browns (p<0.0001). KB score increased with 
age (p<0.0001). Feather cover was better 
in Low and High than Conv-reared birds at 30 and 50 WoA 
(rearing x age: p=0.0002). Birds from Mid had intermediate 
feather cover at these ages. Feather cover was 
indiscriminately poor at 70 WoA. Whites had poorer feather 
cover than browns at 30 and 50 WoA (strain x age: 
p<0.0001). At 70WoA, browns had worse feather cover than 
whites, whose feather cover was not statistically different 
between 50 and 70 WoA. In conclusion, the most consistent 
benefit was found with High-complexity rearing, which 
improved KB score and feather cover during lay. A more 
reactive fear response in birds raised with Low and Mid-
complexity could have contributed to their increased KBF. 
Overall, white laying hens had better KB states and feather 
cover than browns. Feather cover could have declined due 
to feather pecking or abrasions from the caging structure, 
behavioral observations would be needed to provide clarity. 
Both genetic strain and rearing complexity should be 
considered to improve laying hen welfare in furnished colony 
cages. 
1Rufener et al., 2019 

220 Alternative housing systems have mixed impacts 
on health and welfare of laying hens. Éloïse Denis*1, 
Alexandra Harlander2, Stéphane Godbout3, Martine 
Boulianne4; 1Université de Montréal, Faculté de Médecine 
Vétérinaire, Saint-Hyacinthe, Quebec, Canada; 2University 
of Guelph, Guelph, Ontario, Canada; 3Research and 
Development Institute for the Agri-environment, Quebec, 
Quebec, Canada; 4Faculté de Médecine Vétérinaire, 
Université de Montréal, Clinical Sciences, St. Hyacinthe, 
Quebec, Canada. 

As Canadian egg farmers are transitioning their flocks from 
conventional cages to alternative housing systems, it is 
important to evaluate the impact of these on the health and 
welfare of laying hens. In this prospective longitudinal cohort 
study, a total of 11 commercial aviaries and 11 commercial 
enriched cage houses from Quebec, Canada, were visited 
monthly between 19 and 35 weeks of age then every 10 
weeks until 65 weeks of age. Each visit, 12 birds were 
randomly selected to be individually examined and scored 
for health and welfare indicators either visually (feather 
cleanliness, feather damaged and footpad dermatitis) or by 
palpation (laying status, body condition, wing fracture and 
keel bone deviation and fracture). Infrared thermography 
was also evaluated as a potential diagnostic tool for keel 
bone fractures and footpad dermatitis. Temperatures from 
standardized thermographic images were also collected for 
these areas. For all parameters, a mixed-effect logistic 
regression model was used except for the thermographic 
measurements where a mixed-effect linear model and a 
ROC analysis was performed to show the association 
between temperature and lesions. Hens housed in aviaries 
had a significantly higher predicted probabilities of keel bone 
fracture (p=0.038) and footpad dermatitis (p=0.016). 
Although no difference was observed in the predicted 
probabilities of overall feather damage between housing 
systems (p=0.82), the predicted probabilities of feather 
damaged in the cloacal region was higher for birds housed 
in enriched cages than in aviaries (p=0.017). Hens housed 
in enriched cages had a cleaner plumage at 35 weeks of age 
(p=0.001) and the highest body condition score at 23 weeks 
of age (p=0.002) overtime and compared to hens housed in 
aviaries. Other measured parameters were not influenced by 
housing types. While thermal imaging could not distinguish 
between hens with and those without fractures, footpad 
temperatures were significantly higher in hens with footpad 
dermatitis than the ones without (p<0.0001) and higher in 
hens with severe footpad dermatitis compared to mild 
footpad dermatitis (p<0.0001). However, the positive 
predictive value of this test remained under 19%. Overall, 
aviary housing negatively affected the predicted probabilities 
of keel bone fractures and footpad dermatitis. Infrared 
thermography was not found to be a valid diagnostic tool for 
keel fractures and footpad dermatitis in hens. 

221 More management measures needed to keep 
broiler breeder without toe clipping. Rick van 
Emous*1; 1Wageningen Livestock Research, Animal 
Nutrition, Wageningen, Netherlands. 

Toe clipping in day-old broiler breeder males is standard 
procedure in many countries to prevent excessive damage 
to the females during mating. Although toe clipping in males 
therefore has a positive effect on female welfare, the 
mutilating procedure has been suggested to lead to stress, 
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acute chronic pain and decreased leg health in males. This 
method is moreover questioned from an ethical point of view. 
The Dutch government would like to implement a ban on toe 
clipping. Therefore, an on-farm study was performed on 10 
Ross 308 broiler breeder farms, including at least one house 
with non-toe clipped males per farm. Male-to-female ratio in 
these houses was 1% lower than standard practice (8%), to 
prevent over-mating. At the end of the rearing phase, total 
mortality (including culling) in the males was recorded. 
During the laying phase, at 28, 35 and 45 week of age 
(WOA), 60 females and 30 males per house were 
individually inspected and feather and skin damage was 
scored. Data were analysed via ANOVA. Mortality (including 
culling) in the males during the rearing phase was 5.8-% 
points lower (19.5% vs. 25.4%; P = 0.004) in the untreated 
males compared to the treated males. This was due to less 
culling of males with leg health problems. Feather cover of 
the female back (P = 0.027) and thighs (P = 0.015) scored 
higher at 35 WOA in the houses with untreated compared to 
the treated males. More skin damage (scratches) on the 
thighs (P = 0.029) of the females at 35 WOA were observed 
in the houses with untreated males. Severe wounds on the 
thighs was found in 1.8% and 3.3% of the females in the 
houses with treated and untreated males, respectively. 
Three out of the ten flocks had a 1% higher mortality in the 
females due to thigh damage around 30 WOA. To prevent 
further increase of mortality and injuries, males in these 
flocks were nail clipped. In conclusion, keeping males with 
intact toes, even at a lower male-to-female ratio than usually 
applied in practice, impairs female welfare and more 
management measures are necessary. 

222 Effects of different water strategies on 
performance and behavior in broiler breeder 
pullets. Rick van Emous*1; 1Wageningen Livestock 
Research, Animal Nutrition, Wageningen, Netherlands. 

Unrestricted access to water can lead to overdrinking in 
restricted fed broiler breeders, which may result in wet litter. 
Maintaining good quality litter is essential for good foot 
health in pullets and breeders and for preventing nest and 
egg contamination. Consequently, water restriction is 
applied to most broiler breeders (rearing and breeding 
farms) by a fixed water-to-feed ratio, or a fixed number of 
hours of water during the day. Compared to feed restriction, 
only one experiment is carried out with water restriction in 
breeders. They did not observe any effects on welfare 
indicators. Therefore, an experiment was conducted to 
investigate the effect of three different water strategies on 
performance and behavior in broiler breeder pullets. Using a 
3 × 2 factorial completely randomized block design, pullets 
had three different water periods and receive lucerne or not, 
during the rearing phase. From 3-20 weeks of age (WOA), 
pullets received either a standard control water period of 3 
hours (CW), two water periods with one in the morning of 3.5 
hour and 1.5 hour in the afternoon (total 5 hours) (TW) or 
unrestricted access to water (UW). To determine BW and 
weight gain, all birds were weekly weighed as a group, in the 
morning before feeding. Individual BW of all hens was 
recorded at 5, 10, 15, and 20 WOA and BW uniformity was 
expressed as coefficient of variation (CV). Water intake was 
measured weekly per pen and cumulatively and water/feed 
ratio was calculated. Dry matter (DM) content of the litter 
below the drinker line and feces was determined at these 
ages. Water intake during the day was measured at 5, 7, 10, 

12, 15, 17, and 20 WOA. Home pen behavior was observed 
by scan sampling at 5, 10, 15, and 20 WOA over eight 
observation sessions. Data were analyzed using ANOVA. 
Preliminary results between 3 and 10 WOA showed that 
daily water intake of the CW, TW, and UW pullets was 125, 
155, and 149 ml per pullet, respectively. Due to the similar 
feed allowance per day, water-to-feed ratio was higher (P < 
0.001) for the TW (3.02) and UW (2.89) compared to the CW 
pullets (2.47). These differences in water-to-feed ratio 
resulted in lower DM content of the litter (P < 0.001) in pens 
with TW (544 g/kg) and UV (583 g/kg) compared to CW 
pullets (673 g/kg). No effect on DM content of the feces was 
found. It is therefore concluded, that longer access to water 
during the rearing phase increased water intake and water-
to-feed ratio and decreased litter quality, with potentially 
negative effects on footpad health and feather cover quality. 

223 Feeding pullets in stressful conditions: does 
mash size matter for behaviour? Annemarie Mens*1,2, 
Ingrid de Jong3, Rene Kwakkel1; 1Wageningen University 
and Reseach, Department of Animal Nutrition, Wageningen, 
Netherlands; 2Wageningen University and Research, 
Wageningen Livestock Research, Wageningen, 
Netherlands; 3Wageningen University and Research, 
Wageningen Livestock Research, Wageningen, 
Netherlands. 

The rearing period of laying hens is important since all 
physical and physiological processes must develop 
correctly. Improper rearing conditions and stressful events 
could lead to both physical and behavioural problems in the 
laying period such as feather pecking (FP). FP seriously 
impacts hen welfare during both the rearing and laying 
period, leading to wounds, cannibalism, and economic 
issues. Adequate nutrition not only supports egg production 
but is also important to cope with stress in early life. This 
relates to the composition and ingredients, but also the 
physical form of the diet. Thus, this study aimed to test a 
coarse and fine mash together with stress during early 
rearing on pecking behaviour in the rearing and laying 
phase. In total, 1560 one-day-old pullets were divided over 
60 pens in three climate-controlled rooms. Treatments were 
arranged according to a 5x2 factorial design with stress 
imposed in five different age intervals (1-3, 3-5, 5-7, 7-9 
week of age; WOA) or no stress, and two diet forms (finely 
or coarsely ground mash) throughout the experiment. The 
imposed stressor consisted of removal of litter material, 
perches and pecking blocks and housing on solely slats. 
Focal behaviour sampling was performed to observe several 
forms of injurious pecking at 10, 17, 19, 24, 27, 30 and 34 
WOA. Data on behaviour observations were analysed using 
a generalized linear model. Within the model statement the 
factors diet, stress and the interaction diet*stress were 
included. The factors room and observer were added as 
covariables. Estimated means were calculated for each 
possible combination between diet and stress. The means 
per diet and stress moment were calculated. After this, the 
estimated probability for a specific behaviour to happen per 
treatment group was calculated. Pullets with stress in 5-7 
WOA and fed a fine mash diet had a higher estimated 
probability (64%) to show gentle FP compared to pullets with 
stress in 1-3 WOA (51%) and the control group (49%) fed a 
coarse diet at 10 WOA (P = 0.0027). In week 34 there was 
an interaction between stress moment and type of diet. 
Pullets in the control group fed the coarse mash diet had a 
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lower estimated probability (2.7E-11%) to show gentle FP 
compared to pullets who experienced stress in weeks 1-3 
(6%), 3-5 (4%), 5-7 (0.9%) and 7-9 (1%), and were fed the 
fine diet (P = 0.0001). At 10 WOA, pullets in the control group 
(4.9%) and pullets who experienced stress in 3-5 WOA had 
a higher estimated probability (9.9%) to show severe FP 
compared to pullets with stress in weeks 7-9 (3.0E-05%) (P 
= 0.001). In conclusion, little effects of stress, mash size or 
the combination of both were found on the probabilities to 
perform FP behaviour. 
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Immunology, Health and Disease: Immunology

224 Evaluation of inflammatory responses in poultry: 
novel insights from the growing feather pulp cutaneous 
test system. Gisela F. Erf*1; 1University of Arkansas, 
Division of Agriculture, Poultry Science, Fayetteville, 
Arkansas, United States. 

Inflammation is an important, highly conserved, innate 
immune system response. In birds, like in mammals, the 
inflammatory response is activated by various microbe- or 
damage-associated molecular patterns that are recognized 
by cell-associated and soluble pattern-recognition receptors. 
Inflammation involves the recruitment of leukocytes, plasma 
proteins, and fluids from the blood to the infected tissue. 
Leukocyte infiltration is followed by activation of recruited 
cells to fight the infection and resolution of the response 
once the infection is eliminated. Depending on the type of 
microbial infection, the inflammatory processes may vary 
greatly regarding the types of leukocytes recruited and their 
functional capabilities. Understanding the processes and 
mechanisms involved in inflammation and their 
effectiveness in eliminating microbial infection and 
conducting tissue repair is important for production of 
healthy animals with robust innate immune system function. 
However, as inflammation occurs in vascularized, complex 
tissues, comprehensive study of the local inflammatory 
response may involve invasive procedures like conducting 
tissue biopsies or euthanasia of the birds for tissue 
collection. The skin and its derivatives, such as wattles, wing 
webs, foot pads, earlobes, and more recently the pulp of the 
growing feather (GF), have been used as test-tissues to 
study inflammatory responses initiated by intradermal 
injection of inflammatory stimulants. Of these, the GF pulp 
emerged as the most suitable tissue, as the GF is easily 
accessible, and the injection and collection of GFs are 
minimally invasive procedures. Simultaneous injection of 
multiple GF with test-material and collection of GFs at 
various times post-injection for laboratory analyses provide 
insights into activities taking place in vivo, over time, in the 
same individual. Moreover, when combined with concurrent 
collection of blood, both local (pulp) and systemic (blood) 
inflammatory activities can be evaluated and monitored in an 
individual. This minimally invasive dual-window approach 
yielded new knowledge regarding temporal, quantitative, 
and qualitative aspects of the inflammatory responses 
initiated by various microbial components and inflammatory 
stimulants (lipopolysaccharide, peptidoglycan, killed 
bacteria, adjuvants, etc.) and appears to be sufficiently 
sensitive in evaluating effects of genetic, nutritional, and 
environmental factors on the inflammatory response in 
chickens. 

225 Apical-out enteroids model: a novel in 
vitro model to study intestinal barrier function, oxidative 
stress, and inflammatory responses in broiler 
chickens. Peter Mann2, Jundi Liu1, Liang-en Yu*2, Ross 
Wolfenden1, Yihang Li2; 1Eastman Chemical Company, 
Kingsport, Tennessee, United States; 2University of 
Delaware, Animal and Food Sciences, Newark, Delaware, 
United States. 

The conventional 2D epithelial cell lines (human Caco-2, pig 
IPEC-J2) have been widely used in investigating biological 

mechanisms of the intestinal functions, yet with limitations in 
recapitulating the in vivo gut physiology of chickens. 
Similarly, the basolateral-out 3D organoids fail to allow free 
access to the luminal surface. A recently established chicken 
enteroids model with apical-out nature and the presence of 
leukocyte components is suggested to represent intestinal 
mucosal functions. The objectives of this study were to: 1) 
evaluate basic gut functions in this model; 2) identify the 
model effectiveness on studying inflammation and oxidative 
stress responses. Small intestines of Cobb 500 broilers E18 
embryo were isolated and digested via Collagenase to 
obtain intact villus units. The size of villus units was 
controlled by cell strainer (40-100 um) to allow the formation 
of uniformed sphere-shape enteroids in DMEM/F12 growth 
media supplemented with B12. Enteroids viability, 
morphology, and epithelial cell markers were monitored; 
barrier function was evaluated by the permeability to 
Fluorescein isothiocyanate-dextran (FD4) with or without 
EDTA; nutrient transport was evaluated by fluorescence-
labeled glucose (NBD-G) with or without transporter 
blockade; oxidative status was indicated by reactive oxygen 
species (ROS). The inflammatory and oxidative challenges 
were induced by LPS and menadione treatment, 
respectively. Selected marker gene expressions, including 
tight junction proteins (CLDN1, CLDN2, ZO1, OCCL), 
epithelial cell markers (Lgr5, LYZ, MUC2), cytokines (IL-1β, 
IL-6, IL-8, IL-10, TNF-α, INF-γ), and antioxidant enzymes 
(Nrf2, Catalase, SOD), were determined by RT-qPCR. Data 
were analyzed by the student’s t-test between treated and 
untreated groups. Enteroids viability was stable from d 2 to 
d 6 and declined at d 7. Epithelial cell marker and cytokine 
expressions were stable from d 4 to d 6. FD4 permeability 
was increased after the EDTA treatment (P ≤ 0.05). 
Transporter mediated NBD-G absorption was observed and 
reduced with glucose transporter blockade (P ≤ 0.05). 
Enteroids showed classic responses to LPS challenge, 
including upregulated gene expressions of IL-1β and IL-6, 
downregulated gene expressions of ZO1 and OCCL, and 
increased FD4 permeability (P ≤ 0.05). Enteroids showed 
increased ROS generation (P ≤ 0.05) in response to 
oxidative stress. In conclusion, the current apical-out 
enteroids model is a stable alternative in vitro model that 
exhibits intestinal barrier, nutrient transport, oxidation, and 
inflammation functions. With this enteroids model, we 
developed two challenge protocols for evaluating intestinal 
functions under oxidative stress and inflammation 
conditions. 

226 The role of Intraepithelial lymphocytes in chicken 
response to necrotic enteritis. Shuja Majeed*1, Shaimaa 
K. Hamad2, Lisa Bielke3, Ali Nazmi1; 1Ohio State University, 
Animal Sciences, Wooster, Ohio, United States; 2Cairo 
University, Animal Production, Giza, Giza, Egypt; 3North 
Carolina State University, Prestage Department of Poultry 
Science, Raleigh, North Carolina, United States. 

Necrotic enteritis (NE) caused by Clostridium 
perfringens (CP) is a serious enteric disease in the poultry 
industry. Eimeria vaccination or infection, particularly 
with Eimeria maxima (EM), is a major predisposing factor for 
NE. Hence, it is essential to devise novel strategies to control 
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NE, which requires elucidation of the host immunological 
role in the intestinal mucosa. Intraepithelial lymphocytes 
(IEL) are comprised of highly diverse immune cells and are 
considered critical components of intestinal mucosal 
immunity. In chickens, the IEL population and their role 
during enteric diseases are not fully elucidated. Therefore, 
we conducted this study to explore the role of the IEL 
population in the EM-induced NE model in chickens. Sixty 
Specific pathogen-free (SPF) layers were housed in floor 
pens in an environmental control house. At 14 days of age, 
birds were weighed and randomly assigned to three 
treatments of 20 birds each: Negative Control (NC; sham 
challenge), Positive Control (PC; infected with EM only), and 
NE (infected with EM + CP). Both PC and NE birds were 
infected with 5x104 oocysts/bird of EM through oral gavage 
at day 14 of age, and NE birds were orally inoculated with 
1x109 CFU/bird of CP at days 18 and 19 of age. All birds 
within each group were individually weighed at zero, one, 
and seven days post-CP-second-dose infection (dpi). At 
each time point, seven birds from each treatment were 
euthanized, and jejunum was harvested for IEL isolation. 
Afterward, each IEL suspension was stained with 
conjugated mouse anti-chicken antibodies against CD45, 
CD3, TCRγδ, CD4, CD8α, and CD8β. The cell frequency 
was acquired using a BD FACSCantro II flow cytometer. 
Data were statistically analyzed by the Kruskal-Wallis test 
followed by Dunn’s test using GraphPad Prism 9 software, 
and P<0.05 was considered as statistically significant. Birds 
developed subclinical NE based on their gross lesion scores. 
Since NE is a short-duration disease, most changes in the 
IEL population were observed at one dpi. There were 
significant (P <0.05) increases in the total number of 
TCRγδ+CD8αα+/-, TCRαβ+CD8αα+/-, CD3- and Innate 
CD8αα (iCD8α) IEL by at least two-fold in the NE group. At 
seven dpi, only the number of TCRβ+CD8αα+/- IEL had a 
two-fold increase in the NE group (P <0.05). The results 
indicated that natural IEL, which encompass both innate 
(CD3- and iCD8α) and innate-like (TCRγδ+CD8αα+/- and 
TCRαβ+CD8αα+/-) subtypes, play a critical defense role 
against CP infection. 

227 Selection for antibody response against sheep 
red blood cells (SRBC) altered alloantigen frequencies 
in Virginia and Wageningen genetic stocks. Robert L. 
Taylor*1, Paul Siegel2, Christa Honaker2, Henk Parmentier3, 
Anna Wolc4,5, Christopher Ashwell1, Janet Fulton5; 1West 
Virginia University, Morgantown, West Virginia, United 
States; 2Virginia Tech, Blacksburg, Virginia, United 
States; 3Wageningen Agricultural University, Wageningen, 
Netherlands; 4Iowa State University, Ames, Iowa, United 
States; 5Hy-Line International, Dallas Center, Iowa, United 
States. 

Thirteen alloantigen systems have been detected on the 
chicken red blood cell surface using alloantigen-specific 
antisera. The recent identification of the chromosomal 
location and gene product for some of those systems 
resulted in the development of DNA-based assays. In this 
study we determined alloantigen frequency for five 
alloantigen systems (A, B, D, E and I) in two pairs of lines, 
with different parental breed origin, that had been divergently 
selected for multiple generations for anti-SRBC antibody 
response. Cornell Randombred White Leghorn chickens 
were the founder population at Virginia Tech (VT). Selection 
for high (VT-HAS) or low antibody (VT-LAS) sires and dams 

at each generation was based on the responses to a single 
intravenous immunization of 0.1 mL of a 0.25% SRBC 
solution injected between 41 and 51 days of age. This study 
examined 100 progeny from each line (VT-HAS or VT-LAS) 
at selection generation 48. A second pair of lines, with its 
random-bred control line, was developed at Wageningen 
University (WUR) and originated from the ISA Warren 
medium heavy brown layer population. High antibody (WUR-
HA) and low antibody (WUR-LA) sires and dams were 
selected based on antibody titers in hemagglutination 
assays following subcutaneous immunization with 1 mL of 
25% SRBC. Blood system genotypes were identified for 136 
WUR-HA and 124 WUR-LA birds from selection generation 
32. Sixty-four birds from the random-bred control line (WUR-
CON) were also included. Alloantigen systems A, B, D, E, 
and I were tested using allele-specific SNP assays 
confirmed as defining unique alleles. Haplotype frequencies 
between pairs of lines (VT-HAS vs VT-LAS, WUR-HA vs 
WUR-LA, WUR-HA vs WUR-CON, WUR-LA vs WUR-CON) 
were compared by a chi-square test using the chisq.test 
function in R. The VT-HAS and VT-LAS lines had between 2 
and 5 alleles for each alloantigen with all five alloantigen 
system frequencies being significantly different between the 
divergently selected lines. Alloantigen B (MHC) had the 
most striking frequency divergence with each line being 
nearly homozygous for alternate alleles, as had been 
previously reported. Lines WUR-HA and WUR-LA had 3 to 
6 alleles for each alloantigen. Frequencies for the WUR-HA 
and WUR-LA differed significantly for systems A, B, 
D, and E but not I. Compared to the control, WUR-HA birds 
differed significantly for all five systems whereas the WUR-
LA line differed for systems A, B, E, and I, but not D. These 
data show alloantigen frequency shifts in two different 
breeds under similar selection protocols for antibody 
response following immunization with SRBC. This suggests 
that alloantigens other than the B system (MHC) are 
associated with the antibody response. 

228 Selection for high and low antibody responses to 
sheep red blood cells influences cytokine and 
chemokine expression in peripheral blood leukocytes 
and spleen of chickens. Christi L. Swaggerty*1, Casey N. 
Johnson1, Christa Honaker3, Paul Siegel3, Christopher 
Ashwell2, Robert L. Taylor2; 1USDA/ARS, College Station, 
Texas, United States; 2West Virginia University, 
Morgantown, West Virginia, United States; 3Virginia Tech, 
Blacksburg, Virginia, United States. 

Beginning with a Cornell Randombred White Leghorn base 
population, chickens have been divergently selected for high 
(HAS) or low (LAS) antibody responses to sheep red blood 
cells (SRBC) for over 50 generations resulting in two diverse 
lines of chickens. Over the years, many characteristics have 
been studied in these two research lines; however, the 
impact of these selection pressures on cytokine and 
chemokine expression is not fully understood. The purpose 
of this study was to determine if selection for antibody 
response to SRBC had an impact on cytokine and 
chemokine expression in peripheral blood leukocytes (PBL) 
and spleen samples from HAS and LAS chickens. Blood (3-
5 mL) was collected from chickens from each line (n=36-39) 
via the brachial vein and placed into EDTA vacutainer tubes. 
After the birds were sacrificed, approximately 100 g of 
spleen was collected and stored in an RNA-stabilizing 
reagent. Total RNA was isolated from the PBL and spleen 
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samples, and the mRNA expression of cytokines (IL4, IL6, 
TGF-b4) and chemokines (CXCL8 [IL8], CCL4 [MIP-1b]) 
were determined by quantitative real-time RT-PCR. The 
data were analyzed using Student’s t test comparing HAS 
and LAS (P<0.05) and are reported as corrected 40-Ct. The 
PBL and spleen samples were analyzed separately. 
Expression of IL6 mRNA was higher (P<0.05) in PBL 
isolated from LAS chickens compared to HAS chickens 
whereas there were no differences in IL4, CXCL8, CCL4, or 
TGF-b4 (P>0.05). The cytokine and chemokine mRNA 
expression profile was different in the spleen. IL4 and 
CXCL8 mRNA expression was higher (P<0.05) in HAS 
spleen samples compared to LAS. There were no 
differences in mRNA expression of IL6, CCL4, or TGF-b4 
(P>0.05) in the spleens from HAS and LAS chickens. The 
data indicate selection for specific antibody responses to 
SRBC impacts cytokine and chemokine expression profiles 
in PBL and spleens in different ways between these two lines 
of chickens. 

229 Dose-response effects of combined fumonisins, 
deoxynivalenol, and zearalenone mycotoxins on the 1-
alpha hydroxylase m-RNA expression and blood 
biochemistry. Revathi Shanmugasundaram*1, Todd 
Applegate2, G. Raj Murugesan3, Anthony Glenn1; 1USDA, 
Toxicology and Mycotoxins Research unit, Athens, Georgia, 
United States; 2University of Georgia, Poultry Science, 
Athens, Georgia, United States; 3DSM Animal Nutrition and 
Health, Kaiseraugst, Kaiseraugst, Switzerland. 

The poultry-finished diets are very often contaminated with 
multiple mycotoxin. The presence of multiple mycotoxins in 
the chicken finished diet below the FDA tolerance limits [50 
mg/kg fumonisins; and 5 mg/kg deoxynivalenol (DON)] can 
have a negative impact on poultry health and performance. 
There are no readily available blood biomarkers that can 
detect subclinical mycotoxicosis in chickens. Hence, this 
study aimed to investigate the effect of subclinical doses of 
fumonisin B1 (FB1), DON, and zearalenone (ZEN) 
mycotoxins on performance and to determine if any of the 

blood biochemical parameters can be utilized as a biomarker 
in poultry. A total of 960 one-day-old broiler chicks were 
assigned to eight treatments that were replicated in six pens 
with varying doses of mycotoxins. (1) Control, (2) 21mg FB1 
+ 3mg DON + 1 mg ZEN, (3) 8mg FB1 + 3 mg DON + 0.6mg 
ZEN, (4) 17mg FB1 + 1.0 mg DON + 0.7mg ZEN, (5) 5.0mg 
FB1 + 0.4mg DON + 0.1mg ZEN, (6) 2.0mg FB1 + 2.5mg 
DON + 0.9mg ZEN, (7) 0.5mg FB1 + 1.0mg DON + 0.3mg 
ZEN, and (8) 0.8mg FB1 + 0.5mg DON + 0.1mg ZEN per kg 
diet. At d21, blood samples were collected from one bird per 
pen (n = 6), and the biochemical blood variables were 
analyzed using the Zoetis Vetscan VS2. The kidney and liver 
samples were analyzed for 1-alpha hydroxylase. The data 
were analyzed using one-way ANOVA, and Tukey’s posthoc 
test was applied to separate the means. The birds in 
treatment group 2, had a significantly lower BWG (P = 0.05) 
and an increased FCR of 17 points compared to the control 
group. Treatment groups 2, 3, 4, and 6 showed significantly 
increased levels of aspartate amino transferase, creatinine 
kinase, total protein, and phosphorus compared to the 
control group (P < 0.05), indicating potential hepatic 
damage. Treatment groups 2, 4, 5, and 6 also showed 
significantly decreased levels of potassium, and glucose 
compared to control groups (P < 0.05). The mRNA levels of 
1-alpha hydroxylase in the kidney were significantly 
decreased by 2.2-fold (P < 0.05) in treatment group 2 
compared to the control group. However, there were no 
significant differences in uric acid or calcium concentrations 
among the treatment groups. Overall, the findings suggest 
that even subclinical doses of combined mycotoxins below 
2.0mg FB1 + 2.5mg DON + 0.9mg ZEN, can negatively 
impact functional metabolism, causing potential liver and 
kidney damage. The changes in blood biochemical 
parameters, particularly creatinine kinase and aspartate 
amino transferase, could serve as potential biomarkers but 
further work is needed to ascertain the ontogeny of 
biomarker change and if these changes would be specific to 
a mycotoxin or combination of mycotoxin contamination to 
detect early mycotoxicosis in broilers. 
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Physiology and Reproduction

230 Reproductive Physiology in Meat-type Poultry: 
Practical Issues Informed by Basic Biology and Applied 
Research. Martin J. Zuidhof*1; 1University of Alberta, 
Edmonton, Alberta, Canada. 

Broiler hatching egg producers have one of the most 
challenging jobs in the poultry sector. Selection for efficient 
meat production increased growth potential 4-fold in 50 
years. Broiler breeders are feed restricted because allowing 
breeders to express their genetic potential reduces their 
reproductive potential and well-being. The greatest 
impending challenges for the hatching egg sector are both 
unintended consequences of increasing intensity of feed 
restriction. Both high body weight variation (poor flock 
uniformity) and a 50% reduction in body fat at the age of 
photostimulation in the last 30 years are related to the 
degree of feed restriction. Recently, we have observed for 
the first time birds that should have sufficient age, weight, 
and lean mass to become sexually mature did not 
commence laying eggs. This new and concerning 
phenomenon is a result of the convergence of selection for 
high growth, lean yield, and low fat with broiler breeder feed 
allocations that have only slightly increased over the last 40 
years. This points to an important metabolic trigger of sexual 
maturation that remains to be elucidated. New answers to 
many old questions are needed. What is the optimum body 
composition for broiler breeder hens and roosters, 
particularly around the time of photostimulation? What body 
weight targets, nutritional specifications, and feeding 
programs will optimize egg production, fertility, and 
hatchability? Can new smart technologies take some of the 
stress off of broiler breeder flock managers? Recent insights 
from broiler breeder research around the world will be 
explored in an attempt to answer these challenging 
questions. 

231 Automated image analysis for histological 
evaluation of broiler pectoral muscle. Jonathan Dayan*1, 
Noam Goldman2, Daniel Waiger3, Tal Melkman-Zehavi1, 
Orna Halevy1, Zehava Uni1; 1Department of Animal Science, 
The Robert H. Smith Faculty of Agriculture, Food and 
Environment, The Hebrew University of Jerusalem, Rehovot 
7610001, Israel, Rehovot, Israel; 2Koret School of Veterinary 
Medicine, The Robert H. Smith Faculty of Agriculture, Food 
and Environment, The Hebrew University of Jerusalem, 
Rehovot 7610001, Israel, Rehovot, Israel; 3Center for 
Scientific Imaging, The Robert H. Smith Faculty of 
Agriculture, Food and Environment, The Hebrew University 
of Jerusalem, Rehovot 7610001, Israel, Rehovot, Israel. 

There is a need for tools that can provide a rapid and precise 
evaluation of breast muscle development and morphology. 
This due to the constant demand for high quality products 
and the increasing prevalence, worldwide, of breast muscle 
abnormalities in recent years. In this study, we developed a 
novel deep learning-based automated image analysis 
workflow combining Fiji (ImageJ) with Cellpose and 
MorphoLibJ plugins to generate an automated diameter and 
cross-sectional area quantification for broiler breast muscle. 
We compared data of myofiber diameter from 14-day-old 
broiler chicks, generated either by manual analysis or by 
automated analysis. Comparison between manual and 
automated analysis methods exhibited a striking accuracy 

rate of up to 99.91%. The automated analysis method was 
implemented on 84 breast muscle cross-section images, it 
characterized 59,128 myofibers within only 4.2 hours, while 
manual analysis of 27 breast muscle cross-section images 
enabled analysis of 17,333 myofibers in 54 hours. Hence, 
automated analysis is much more productive, producing 
data sets of both diameter and cross-sectional area at an 80-
fold higher rate than the manual analysis (26,279 vs. 321 
data sets per hour, respectively). Our automated tool was 
applied for detecting differences in histomorphology of 10-
day-old chicks in control and In-Ovo HMTBa treatments. The 
automated analysis was completed in less than one hour 
and was performed on 19,807 myofibers from the control 
group and 21,755 myofibers from the HMTBa group. These 
clear advantages of high precision, high speed, and high 
productiveness demonstrate its potential to be implemented 
as a readily adaptable research and diagnostic tool for 
chicken breast muscle development and morphology. 

232 Not Presented. 

233 Circadian Rhythms’ Impact on Blood Biomarker 
Dynamics of Laying Hens. Chandler Keck*1, Chelsea 
Phillips2, Lisa Laprade2, Hong Liu3, Aaron 
Cowieson3; 1InsideTracker, Cambridge, Massachusetts, 
United States; 2DSM Nutritional Products, Lexington, 
Massachusetts, United States; 3DSM Nutritional Products, 
Kaiseraugst, Switzerland. 

Blood biomarkers have long been used as indicators of 
health and nutrition in both human and companion animal 
medicine. These blood biomarkers are increasingly utilized 
as indicators of health, productivity, and welfare in the animal 
agriculture industry, though the extent of published literature 
and understanding is still emerging. In layers, previous 
studies have examined reference intervals or treatment 
effects for a subset of blood biomarkers; however, to the best 
of our knowledge, studies that examine blood dynamic 
patterns throughout the laying cycle are scarce. The aim of 
this study was to understand key blood biomarker dynamics 
throughout the circadian rhythm cycle of laying hens. A total 
of 60 (37wk) Hy-line brown laying hens at peak lay with 
similar bodyweight and laying rate were used for this study, 
all of which experiencing a singular treatment. Dietary and 
management practices mimicked industry conditions as 
closely as possible. 40 hens were selected for blood analysis 
based on laying rate and health status following a 14-day 
adaption period. Blood was collected for analysis from the 
40 selected individually caged hens on days 1, 5 and 9 (post 
21-day adaptation period) at 6 different timepoints (2, 6, 10, 
14, 18 and 22h post-oviposition). Overall, 18 blood 
biomarkers were analyzed using point of care blood devices. 
Data were analyzed using the one-way ANOVA and 
bivariate functionalities of JMP 16 (SAS) with means 
separated using Tukey’s HSD (P<0.05). Blood sodium was 
the only measured biomarker that did not significantly differ 
at any timepoint across the circadian cycle (P<0.05). As 
expected, ionized calcium and phosphorous display an 
inverse relationship (P<0.001) with each other with turning 
points at 6h (ionized calcium – maximum, phosphorous – 
minimum) and 18h (ionized calcium – minimum, 
phosphorous – maximum) post oviposition, aligning 
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temporally with eggshell formation. Glucose and total carbon 
dioxide also exhibit an inverse relationship (P<0.001) with 
the turning point occurring at 14h (glucose – minimum, total 
carbon dioxide – maximum) post ovulation. This most likely 
corresponds to the peak energy metabolism during the 
laying cycle. Most of the other biomarkers measured display 
unique cyclical dynamics with the most common turning 
points falling between 10-14h post oviposition. These results 
provide insights into the intricacies of each biomarker 
throughout the laying cycle of hens as we continue to better 
understand their blood dynamics. 

234 Predicting hatchability of eggs using a novel 
translucency portable box. Alvaro Burin*1, Ivanio Bueno1, 
Pedro Tomasi1, Marcos J. Santos21, Alba K. Fireman1, 
Sergio L. Vieira3; 1Zinpro Corporation, Eden Prairie, 
Minnesota, United States; 2Federal Rural University of 
Pernambuco, Animal Science, Olinda, , Brazil; 3University of 
Rio Grande do Sul, UFRGS, Porto Alegre, RS, Brazil. 

Unhatched eggs are potentially the highest nominal loss in 
poultry production. It is estimated that 15 to 20% of settable 
eggs do not hatch. Infertility as well as embryo deaths 
respond to this loss. Eggshell integrity directly affects 
embryo development, f.i. porosity and thickness impact the 
degree of settable egg contamination and rate of embryo 
development. In the present evaluation, eggshell 
translucency was used to assess the corresponding 
hatchability of eggs from varying origins. Measurements 
were done using a portable translucency capture chamber 
(Zinpro BlueBoxTM), which allows standardized image 
capture to determine eggshell translucency. A 3-point score 
system was used to detect egg surface area: Score 1 = none 
or few translucent spots; Score 2 = several and small 
translucent spots; Score 3 = many and large translucent 
spots. Evaluations were performed from 2020 to 2022 with 
data taken from four hatcheries in Brazil. A total of 10,270 
eggs were collected from 18 broiler breeder flocks having 35 
to 77 weeks of age, including two genetic lines. These were 
individually scored for eggshell translucency. All eggs were 
scored between 6 and 7 days after laying, being immediately 
incubated. A total of 1,102 eggs (10.7%) were found 
unfertile. Embryo diagnosis was performed on day 21 and 
mortality was separated from 0 to 4 days, 5 to 10 days, 11 
to 17 days, and 18 to 21 days of incubation. Contaminated 
embryos and pips (live and dead) were also counted. From 
all 9,168 incubated eggs, scores were as follows: 903 
(9.85% - score 1), 4,207 (45.89% - score 2), and 4,058 
(44.26% - score 3). A binary logistic regression was 
performed using the GLIMMIX procedure, followed by 
Tukey-Kramer adjustment using SAS. Significance denoted 
at P < 0.05 with odds ratios assessed. Data was analyzed 
regardless of hatchery, genetic line, or flock age. Hatch of 
fertile was significantly impacted by translucency (P<0.0001) 
with hatchability for scores 1, 2 and 3 being 92.3%, 91.4% 
and 86.3%, respectively. Score 1 had higher odds to hatch 
than score 3 (odds ratio=1.89, 95% CI (1.46, 2.45), 
P<0.001). Early mortality was higher from eggs with score 3 
(5.18%) in comparison to scores 1 and 2 (2.44% and 2.92%, 
P<0.0001). Eggs with score 3 presented higher embryo 
mortality from 11 to 17 days (P<0.001) compared to Scores 
1 and 2. The total incubation fertile egg loss (mortality + 
contamination + pips) was higher (P<0.0001) for score 3 
eggs (11.83%) in comparison to scores 1 and 2 (6.65% and 
7.86%). In conclusion, egg translucency measured by Zinpro 

BlueBoxTM was considered a valid tool to assess eggshell 
quality allowing significant estimations for hatchability 
success of eggs with variable eggshell quality. 

235 Hypertrophic effects of all-trans retinoic acid by 
in ovo injection on adipose development in poultry 
embryos. Donghwan Kim*1, Joonbum Lee1, Kichoon 
Lee1; 1The Ohio State University, Animal Sciences, 
Columbus, Ohio, United States. 

Excessive adipose accretion causes health issues in 
humans and decreases feed efficiency in poultry. Although 
vitamin A has been known to be involved in adipogenesis, 
effects of all-trans retinoic acid (atRA), as a metabolite of 
vitamin A, on adipose development in avian have not been 
studied yet. Avian embryos are developing in confined egg 
environments, which can be directly modified to study effects 
of nutrients on embryonic adipogenesis. For statistical 
analysis, all data in the current study were analyzed by the 
t-test or one-way ANOVA and the results with P < 0.05 were 
considered to be significant. With the use of quail embryos, 
different concentrations of atRA (0 M to 10 μM) were injected 
in ovo at embryonic day (E) 9, and adipose tissues were 
sampled at E14. Percentages of fat pad weights in embryo 
weights were significantly increased in the group injected 
with 300 nM of atRA. Also, among three injection time points, 
E5, E7, or E9, E7 showed the most significant increase in 
weight and percentage of inguinal fat at E14. Injection of 
atRA at E7 increased fat cell size in E14 embryos with up-
regulation of pro-adipogenic marker genes (Pparγ and 
Fabp4) and down-regulation of a preadipocyte marker gene 
(Dlk1) in adipose tissues. Additionally, based on the data 
from quail, different concentrations of atRA (0 M to 2 μM) 
were injected in broiler eggs at E10, and adipose tissues 
were sampled at E16. Percentages of adipose tissues in 
chicken embryos were significantly increased in the group 
injected with 500 nM of atRA compared to the 0 M group (P 
< 0.05). In addition, the adipocyte cross-sectional area 
(CSA) was significantly greater by in ovo injection of 500 nM 
atRA compared to the injection of 0 M (P < 0.01). Moreover, 
in ovo atRA-injected embryos were hatched and BWs were 
measured at D0, D7, and D14. BWs were not different from 
those of the 0 M group. Percentages of adipose tissues and 
CSA of the in ovo atRA-injected group (500 nM) were not 
different from those of the 0 M group at D14. Taken together, 
the current study clearly showed that in ovo injection of atRA 
promoted adipose deposition with hypertrophy during 
embryonic development on both quail and chicken, but its 
effects were not maintained in early post-hatch age in broiler 
chickens, implying that embryonic atRA has an important 
role in the regulation of adipose development in poultry 
embryos. 

236 Docosahexaenoic acid (DHA) has positive effects 
on the productivity and incubation performance of 
Japanese quail breeders and their progeny. Leticia A. 
Silva1, Claudia Silva2, Leticia Cardoso Bittencourt2, Tatiana 
C. Santos*1; 1State University of Maringá, Animal Science, 
Maringa, PR, Brazil; 2DSM Nutritional Products, São Paulo, 
Brazil. 

Fatty acids (AA) are used in poultry breeding to increase 
fertility, hatching, and chick quality. Various products or 
different sources of oils provide linoleic (LA) and alpha-
linolenic (LNA) acids. These AAs are precursors of active 
molecules such as arachidonic, eicosapentaenoic, and 
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docosahexaenoic acids. The microalga Schizochytrium sp. 
has approximately 48.95% of docosahexaenoic acid (DHA) 
in its composition and has been used in animal diets as a 
source of DHA. We tested the hypothesis that the DHA in 
the diet of Japanese quail breeders would positively affect 
the breeder's and their progeny's metabolism. Thus, this 
study evaluated the effects of dietary supplementation with 
different levels of DHA on productive and incubation 
performance and on chick quality in Japanese quail 
breeders. 480 15-week-old quails were used, distributed in 
a completely randomized experimental design with 5 levels 
of DHA (0, 0.015, 0.030, and 0.060%) and 12 replications of 
2 males and 6 females each. DHA was provided by a dried, 
whole-cell alga (Schizochytrium sp.; DHAgold™ S17-B, 17% 
DHA). Productive performance and egg quality were 
analyzed in 3 cycles of 28 days. Eggs from 4-5 consecutive 
days were incubated in an automatic incubator, and 
hatchability, fertility, and mortality rates were determined. A 
random sample of 50 chicks per treatment was weighed, 
measured, and analyzed by Pasgar©Score. The data on 
performance, egg quality, and chick quality were subjected 
to ANOVA using the GLM procedure of SAS 9.0, and 
incubation performance was analyzed using the PROC 
GENMOD with a BINOMIAL distribution and the LOGIT 
function (Y = expβ/1+expβ); significant p-value < 0.05. In the 
results of performance and egg quality, a positive linear 
effect (p < 0.05) in response to DHA levels was observed for 
egg production, egg mass, and yolk percentage, and a 
negative linear response for albumen percentage. A positive 
quadratic effect of DHA levels (p < 0.05) was observed in 
feed intake, feed conversion (g/g and g/dozen), and egg 
weight. In hatching results, a positive linear effect of DHA 
levels was observed for fertility rate (p = 0.031) and 
hatchability of fertile eggs (p < 0.001), with higher fertility 
(98.99%) and hatching (94.23%) in the greater inclusion 
tested (0.060%). The reverse effect was observed in total 
mortality (p = 0.001). In chick quality, a quadratic effect was 
observed, with the largest chick’s length estimated at 0.04% 
DHA and no effects for chick weight or Pasgar©Score. It is 
concluded that the use of levels of DHA up to 0.060% in the 
diet of Japanese quail breeders increases feed intake, egg 
production, and egg and yolk weight, in addition to improving 
hatching, fertility, and producing larger chicks. 

237 Last-male sperm precedence during sperm-
storage in chicken. Mei Matsuzaki*1, Tomohiro 
Sasanami2; 1Hiroshima University, Higashi-Hiroshima, 
Japan; 2Shizuoka University, Faculty of Agriculture, 
Shizuoka, Japan. 

Last-male sperm precedence (LMSP) is frequently observed 
after matings in polygamous animals. In chickens, multiple 
artificial inseminations (AI) bias the paternity of offspring 
toward the last male, but the mechanism is still unclear. In 
this study, we examined sperm replacement in sperm-
storage tubules (SSTs) after multiple inseminations to 
elucidate the LMSP mechanism in chickens. Two 
fluorescent dyes were employed to label the sperm 
population for two consecutive inseminations that were 
isolated from different males. Two male breeds, White 

Leghorn (WL) and Barred Plymouth Rock (BP) were used 
for semen isolation. We also investigated the effects of 
seminal plasma (SP) on LMSP by simultaneous injection of 
the SP together with second insemination. The proportion of 
resident sperm in the SSTs was observed under the 
fluorescent microscope. SP removal from semen used for 
second insemination decreased the filling rate of second 
sperm in SSTs, but the intra-vaginal injection of SP alone did 
not affect the sperm release from the SSTs. We found that 
when BP sperm was used for the second insemination, the 
replacement occurred significantly more often than when WL 
sperm was used, indicating that different breeds may 
potentiate sperm replacement. Our results suggest that 
LMSP is possibly caused by sperm replacement during 
sperm-storage in chickens and the multiple insemination 
system using fluorescently labeled sperm established in this 
study can be useful for studying avian LMSP mechanism. 

238 Possible involvement of deleted malignant brain 
tumor protein 1-like in the process of sperm passage 
into the sperm storage tubules in Japanese quail 
(Coturnix japonica). Tomohiro Sasanami*1, Mei 
Matsuzaki2; 1Shizuoka University, Faculty of Agriculture, 
Shizuoka, Japan; 2Hiroshima University, Graduate School of 
Integrated Sciences for Life, Higashi-Hiroshima, Japan. 

In poultry such as chicken and quail, the ejaculated 
spermatozoa do not directly migrate to the site of fertilization 
but are stored initially in specialized structures, referred to 
as sperm storage tubules (SSTs), localized in the utero-
vaginal junction (UVJ) of the oviduct where the fertilizing 
ability of spermatozoa in the SSTs is maintained for an 
extended period (i.e., several days to months). We have 
previously demonstrated several mechanisms of sperm 
storage in the SSTs, regarding long-term sperm 
maintenance as well as control sperm release from it; 
however, our understanding of the phenomenon is still 
limited. In this study, we have investigated the molecule 
involved in the process of sperm uptake into the SSTs in 
Japanese quail. When ejaculated spermatozoa were co-
incubated with UVJ explants, the lectins derived 
from Agaricus bisporus (ABA) and Canavalia 
ensiformis had marked inhibitory effects on sperm passage 
into SSTs. Preincubation of UVJ explants with these lectins, 
however, had no such effect, indicating that the 
oligosaccharides on the sperm surface may be important for 
this process. Furthermore, tandem mass spectrometry 
analysis of sperm plasma membrane fractions revealed that 
the protein recognized by ABA is deleted malignant brain 
tumor protein 1 like (DMBT1-like), which contains zona 
pellucida protein domain, a hall mark structure of egg 
envelope protein. Although the underlying mechanism is 
unknown, our results indicated that DMBT1-like is one of the 
candidate molecules involved in the process of sperm 
passage into the SSTs. 

239 Not Presented. 
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Microbiology and Food Safety I

240 Which comes first: food safety, regulation, or 
innovation? Deana R. Jones*1; 1USDA Agricultural 
Research Service, US National Poultry Research Center, 
Egg and Poultry Production Safety Research Unit, Athens, 
Georgia, United States. 

Food safety is a cornerstone of providing wholesome foods. 
Poultry producers are required to consider food safety during 
slaughter and processing. In the US and other countries, egg 
producers must control for food safety farm-to-
table. Salmonella Enteritidis is the primary organism of 
concern around the world regarding eggs. Most egg and egg 
products food safety regulations are based on this one 
organism, yet recent outbreaks have involved 
other Salmonella spp. Furthermore, the worldwide egg 
industry has experienced a shift to extensive hen housing 
systems for the production of eggs. Innovations in housing 
system design, the use of artificial intelligence to monitor 
flock health and assist with flock management, genetic 
selection, as well as other advances are rapidly becoming 
commonplace in egg production. What does science tell us 
about how all these factors impact the safety and quality of 
the eggs and egg products reaching consumers? How is the 
scientific community utilizing outreach to reach the 
worldwide egg producers and consumers? 

241 A systematic review and meta-analysis of the 
sources of Salmonella in poultry production (pre-
harvest) and their relative contributions to the microbial 
risk of poultry meat. Jinquan Wang*1, Sasikala Vaddu2, 
Sujitha Bhumanapalli3, Abhinav Mishra4, Todd Applegate5, 
Manpreet Singh4, Harshavardhan Thippareddi6; 1University 
of Georgia, Poultry Science Department, Athens, Georgia, 
United States; 2University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States; 3University of 
Georgia, Department of Poultry Science, Athens, Georgia, 
United States; 4University of Georgia, Food Science and 
Technology, Athens, Georgia, United States; 5University of 
Georgia, Poultry Science, Athens, Georgia, United 
States; 6University of Georgia, Poultry Science, Athens, 
Georgia, United States. 

Salmonella is a major foodborne pathogen related to the 
consumption of poultry meat and is the leading cause of 
salmonellosis. Salmonella is known to transmit in poultry 
flocks both vertically and horizontally. However, there is a 
lack of knowledge on the sources of Salmonella in poultry 
live production systems, including hatchery, feed, water, 
environment-interior, and -exterior. A systematic review-
meta-analysis was conducted to quantify potential sources 
of Salmonella during pre-harvest and their relative 
contributions to microbial risk of poultry meat. After applying 
exclusion criteria, 16,800 studies were identified from 
Google Scholar, and 39 relevant studies were included in the 
meta-analysis for relative contributions 
to Salmonella positivity on broilers. From the identified 
studies,the number of positive samples and sample size 
were included as quantitative data. Regions of study 
conducted (U.S. and non-U.S.) and sample source 
(contribution factor) were extracted from the studies. 
Sources of samples from the broiler live production section 
were further divided into excreta (e.g., excreta or cecal 
samples, or cloacal swabs), litter (e.g., litter, boot socks, or 

drag swabs), chicks, hatchery, water, feed, interior 
environment (e.g., rodents, darkling beetles, fan surfaces, 
feed trough or mice), exterior environment (e.g., water 
puddles, wild birds, soil, grass, or poultry house outside 
surface swabs). A generalized linear mixed model approach 
combined with logit transformation was used to stabilize the 
variance. Data analysis was conducted using R version 
4.0.2 (R Core Team, 2021). Meatfor package was used to 
generate the meta-analysis statistics (predicted prevalence 
and heterogeneity parameters) and Forest plots. The 
hatchery was the most significant contributor 
of Salmonella, with a prevalence of 48.5% (95% CI: 32.8 to 
64.5%). Litter, feces, and the poultry house's internal 
environment were the three other major contributing factors, 
with a prevalence of 25.4 (95% CI: 16.6 to 37.0%), 16.3 
(95% CI: 10.6 to 24.3%) and 7.9% (95% CI: 3.0 to 18%), 
respectively. Poultry house external environment (4.7%), 
feed (4.8%), chicks (4.7%), and drinker water also 
contributed to Salmonella in the poultry environment. 
Results from this meta-analysis can inform poultry producers 
and processors to implement control strategies to minimize 
the risk of foodborne illness from Salmonella related to the 
consumption of poultry and poultry products. These 
strategies include eliminating the sources of Salmonella and 
incorporating interventions in live production to 
reduce Salmonella concentrations in broilers. 

242 Evaluation of formic acid supplemented via feed 
or drinking water for control of colonization 
of Campylobacter jejuni in broiler chickens. Adebayo 
Sokale*1, Charles L. Hofacre2, Matthew K. Jones3, Roy 
Berghaus4, Gerald Wischer5; 1BASF, Animal Nutrition, 
Florham Park, New Jersey, United States; 2Southern Poultry 
Research Group, Inc., Watkinsville, Georgia, United 
States; 3Southern Poultry Research Group, Inc., Athens, 
Georgia, United States; 4University of Georgia, Population 
Health, College of Veterinary Medicine, Athens, Georgia, 
United States; 5BASF SE, Animal Nutrition, Ludwigshafen, 
Germany. 

Campylobacteriosis is one of the major bacterial foodborne 
diseases in humans, and it’s of global public health concern. 
Direct contact with raw chicken products has been linked as 
a major source of this disease in humans. C. jejuni colonizes 
broiler chicken’s intestines extremely efficiently and can 
shed in feces at high numbers. Organic acids can be used 
as an intervention to reduce C. jejuni colonization in broiler 
chickens. Therefore, the objective of this study was to 
evaluate the effect of sodium formate (FA) in reducing 
C. jejuni colonization of the ceca of broilers. A total of 600 
Ross male broilers (25 birds × 6 pens/treatment) were 
allocated to 4 treatment groups in a randomized complete 
block design. The treatments were as follows: Challenge 
control (T1); 8kg FA/mt of feed in finisher diet (T2); FA in 
drinking water from d35-42 (T3), FA in drinking water from 
d39-42 (T4). Diets based on wheat, corn and soybean meal 
were formulated for starter (d0-14), grower (d14-35), and 
finisher (d35-42) phases. All birds were orally gavaged with 
C. jejuni on d14 (6.0 x 105 CFU/bird). Ceca samples were 
collected on d35 and 42. Crop pH, feed and water pH, and 
water consumption were measured daily from d35 to 42. 
Feed and body weight were measured at d1, 14, 35, and 42. 
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Log-transformed CFUs were analyzed using linear mixed 
models with a random pen effect. Pairwise comparisons 
between treatments were performed using the Bonferroni 
procedure (STATA, StataCorp LLC, College Station, TX). All 
testing assumed a two-sided alternative hypothesis, and P < 
0.05 was considered statistically significant. No differences 
were observed in broiler performance. Mean crop pH of birds 
at d42 was significantly lower in T2 in comparison to 
T1. Campylobacter jejuni challenge was confirmed by boot 
socks prevalence on d21 and all pens were positive. There 
was a significant effect of day (P < 0.001) on 
cecal Campylobacter CFUs, with mean log10 CFU/g being 
significantly lower on d42 (6.53 log10 CFU/g) in comparison 
to d35 (7.29 log10 CFU/g). There was no significant 
difference between treatments on either d35 or d42. 
Cecal Campylobacter CFUs at d35 (untreated period) was 
unexpectedly lower in the control group (6.68 log10 CFU/g) in 
comparison to all other treatments (avg. 7.50 log10 CFU/g). 
However, when a comparison of the 2 time points was 
performed for each treatment, there was a significant 
decrease in cecal Campylobacter CFUs from d35 to d42 for 
T2 (P < 0.001), T3 (P = 0.007), and T4 (P < 0.001); but not 
for T1 (P = 0.53). The addition of FA resulted in average 
reduction in ceca C. jejuni of approximately 1 log10 CFU/g, 
which equals a 90% reduction. 

243 Effectiveness of Sodium Bisulfate in Litter, Feed 
and/or Drinking Water to Reduce Salmonella infantis in 
Broiler Chickens. Charles L. Hofacre*1, Juan Suarez2, 
Craig Coufal2, Matthew K. Jones1, Jennie Baxter1, Roy 
Berghaus3; 1Southern Poultry Research Group, Inc., 
Watkinsville, Georgia, United States; 2Jones Hamilton, 
Walbridge, Ohio, United States; 3University of Georgia, 
Athens, Georgia, United States. 

In 2022, USDA-FSIS published a framework document that 
indicated a move by the agency to better understand the 
amount of Salmonella coming from the broiler farm to the 
processing plant. This proposed shift places greater 
emphasis on developing on-farm Salmonella reduction 
interventions. Sodium bisulfate is a mineral acid available in 
multiple grades. (Animal Feed Grade – AFG®) is added to 
poultry feed, (pH Water Treatment - PWT®) in the drinking 
water for birds, and (Poultry Litter Treatment - PLT®) on the 
litter. Sodium bisulfate interacts with moisture to 
disassociate and acidify the matrix where it is located. Acidic 
pH has a detrimental effect on the growth/survival of 
Salmonella. In the current study, S. infantis was selected as 
the challenge strain because it has become more prevalent 
in broiler processing. Also, as serogroup C1, live vaccines 
tend to be less effective. The four treatments were control 
(no treatment), AFG at 3.6 Kg. (8 pounds/U.S. ton) of feed, 
AFG + PWT in the drinking water on day 1 to 7 and 37 to 42, 
and AFG + PWT + PLT on the litter (one day before chick 
placement and 22). S. infantis 4.0 x 107 CFU/chick was 
gavaged on day 3 to 13/25 chicks/pen (13 direct 
challenged/12 unchallenged). The study had 1,000 Ross 
broilers in 40 floor pens with 10 pens per treatment. On days 
42 and 43, 10 birds/pen (5 challenged/5 unchallenged) were 
selected at random and ceca, liver/spleen, and feathers on 
carcass rinse samples were collected from each bird. 
Salmonella cultures were performed with tetrathionate, then 
XLT-4 by micro most probable number (MPN) per Berghaus, 
2013. Litter pH was also measured. Boot sock and carcass 
rinse Salmonella prevalence were compared between 

treatment groups using Fisher’s exact test, and boot sock 
MPN using linear regression. Salmonella prevalence in 
liver/spleen samples and ceca were compared between 
treatments using generalized estimating equations (GEE) 
logistic regression, and Salmonella MPN for culture-positive 
samples were compared using linear mixed models, to 
account for the correlation between responses of birds from 
the same pen. The S.I. prevalence in liver/spleen culture for 
AFG + PWT was 28% and AGF + PWT + PLT was 30%. This 
was a numerical reduction from the control average of 40%. 
All three treatments lowered S.I. prevalence in the ceca 
compared to the control with AFG + PWT and AFG + PWT 
+ PLT significantly reduced (72% positive for control vs 35 
and 41% for AFG + PWT and AFG + PWT + PLT), 
respectively. All three treatments numerically reduced S.I. 
MPN for feathers on carcass rinse. These data indicate that 
the application of sodium bisulfate to the feed, water and 
litter may reduce the Salmonella load of broilers prior to 
processing. 

244 Fatty acid esters inhibit the colonization of three 
main foodborne pathogens, E. coli, Salmonella 
Typhimurium and Campylobacter jejuni, onto epithelial 
cells in an in vitro model. Clarisse Techer*1, Julie 
Castier1; 1Mixscience, RID, Bruz, France. 

Fatty acid esters (FAE) showed evidences in preventing and 
mitigating microbial development in animal production. 
Modes of actions of FAE may vary according to the type of 
molecules, administration form and dosage considered. 
Such modes of action include direct antibacterial effects as 
well as indirect activities, e.g. by inhibiting the adhesion of 
pathogenic bacteria on intestinal cells. 
The objective of the study was to investigate the capacity of 
a blend of FAE to limit the invasion of pathogenic strains of 
E. coli, Salmonella Typhimurium and Campylobacter jejuni 
through antibacterial activity evaluation and on intestinal 
epithelial cells adhesion assays in an in vitro model. 
Tested compound consisted of a blend of short and medium 
chain fatty acid esters, used in a proprietary feed additive 
(Lumigard Most, Mixscience, France). Antibacterial activities 
were evaluated toward Salmonella Typhimurium, E. coli and 
C. jejuni from poultry origin using minimal inhibitory 
concentration (MIC) evaluation assays. Adhesion tests were 
performed on HT-29 intestinal cells, using a FAE dose 
mimicking the practical feed dose (1 and 3g/L) and using 2 
models of administration: co-infection (competition assay) 
and 2h post-infection (displacement assay). Each test was 
conducted in 3 independent repetitions. Statistical analyzes 
were performed using Microsoft Excel (2212 version). 
Student tests (t test/ two-tailed distribution) were carried out 
for all the tests in order to compare the percentages of 
adhesion and the concentrations of adhered pathogenic 
bacteria obtained in the absence (control DMEM) and in the 
presence of the tested product. P value ≤0.05 were 
considered as significant. The MIC values varied from >4000 
ppm, for E. coli and Salmonella, to 125 ppm for C. jejuni. No 
significant inhibition was observed when fatty acid esters 
administration occurred after 2h infection, while competition 
tests showed high inhibition of bacterial adhesion toward the 
three tested pathogens (p ≤0.01). The highest activities were 
observed for C. jejuni, with reduction of 68% and 89% for 
1g/L and 3g/L of fatty acid esters, respectively. Reduction of 
E. coli and Salmonella Typhimurium, for both tested 
dosages, varied from 43% to 70%. These results showed 
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that the administration of a specific blend of fatty acid esters 
can lead to a decrease in epithelial adhesion of gut pathogen 
in vitro. Use of FAE may therefore improve food safety 
standards. Moreover, this study highlights that the mode of 

action and efficacy of FAE varies depending on the targeted 
pathogens. This carries implication for the recommended 
feeding dose of FAE in practical in vivo conditions. 
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Immunology, Health and Disease: Health and Disease

245 Role of health and diseases in the gut health of 
poultry. Inkyung Park*1, Hyun Lillehoj1; 1USDA-ARS, 
Beltsville, Maryland, United States. 

In recent years, animal husbandry has improved the growth 
potential of animals as a result of science-based genetic 
selection and dietary sub-therapeutic supplementation of 
antibiotics growth promoters which have successfully 
facilitated the growth potential of agricultural animals with 
enhanced feed efficiencies. However, an increase in 
antibiotic resistance in humans and animals has led to a 
regulatory restriction on the use of antibiotics in livestock 
production. To maintain the sustainability of the intense 
animal production system while catering to the demand for 
safe and nutritious food, alternative strategies to antibiotics 
are emerging. Furthermore, extensive information on 
enhancing gut health via modulation of the gut microbiota is 
becoming available, although more fundamental research is 
needed to transfer these basic findings to microbiota 
manipulations to improve animal performance at the farm 
level. Since the gut is constantly challenged by the antigenic 
substances from the diet and the dynamic ecosystem of gut 
microbiota populations, inflammation, which is an important 
part of innate and adaptive immune response to protect the 
host against antigenic challenges, dictates the status of gut 
health. With the presence of “antibiotic-free” farming 
conditions, a deeper understanding of gut health and its 
functional mechanisms will be critical to fill the knowledge 
gaps to maximize the genetic potential of poultry and 
livestock. 

246 Alteration of expression of genes and proteins 
related to feed intake in broilers infected 
with Eimeria spp. Janghan Choi*1,2, Jihwan Lee1, Woo K. 
Kim1; 1University of Georgia, Poultry Science, Athens, 
Georgia, United States; 2U.S. National Poultry Research 
Center, Athens, Georgia, United States. 

Eimeria infection is known to decrease production efficiency 
by reducing feed intake in broiler chickens. The objective of 
the study was to investigate the effects of Eimeria infection 
on expression of genes and proteins related to feed intake 
in broiler chickens. Seven-hundred fifty fifteen-day-old 
broiler chickens were randomly distributed to five 
experimental groups with 6 replicates of 25 birds per pen. 
The five experimental groups were 1) unchallenged control 
(UNC); 2) Eimeria challenge 1 (EC1): challenged with 
31,250 Eimeria acervulina, 6,250 E. maxima, 6,250 E. 
tenella on D 15; 3) Eimeria challenge 2 (EC2): double doses 
of EC1; 3) Eimeria challenge 3 (EC3): double doses of EC2; 
and 4) Eimeria challenge 4 (EC4): double doses of EC3. 
Orthogonal polynomial contrasts were conducted to assess 
the significance of linear or quadratic effects of 
different Eimeria challenge doses. Daily feed intake was 
linearly (P < 0.05) and quadratically (P < 0.05) reduced by 
increased doses of Eimeria spp. in broiler chickens on 6 
days post infection (dpi). The relative mRNA expression of 
genes related to feed intake such as agouti-related protein 
(P < 0.05), interleukin 18 (P < 0.05), motilin receptor (P < 
0.01), and proopiomelanocortin (P < 0.01) was linearly 
decreased by higher doses of Eimeria spp. in the brain of 
broiler chickens. The relative mRNA expression of gut 
peptide hormones including cholecystokinin (CCK), motilin, 

neuropeptide Y (NPY), and NPY receptor Y1 (NPYY1) was 
linearly decreased by higher doses of Eimeria spp. in the 
duodenum (P < 0.05). Higher doses of Eimeria spp. linearly 
and quadratically reduced relative mRNA expression of CCK 
(P < 0.01), and the relative mRNA expression of motilin and 
NPYY2 was linearly decreased by higher doses 
of Eimeria spp. in the jejunum (P < 0.05). However, higher 
doses of Eimeria spp. linearly increased protein 
concentrations of CCK in the serum. Higher doses 
of Eimeria spp. linearly reduced protein concentrations of 
GLP1 in the serum (P < 0.05). Overall, reduced feed intake 
in Eimeria infection can be characterized by decreased 
expression of anorexigenic and orexigenic proteins at mRNA 
and protein levels in broiler chickens. 

247 Development of a new diagnostic tool to detect 
poultry coccidiosis using new sets of anti-3-1E 
monoclonal antibodies. Youngsub Lee*1, Hyun Lillehoj2, 
Inkyung Park3, Samiru S. Wickramasuriya4; 1USDA-ARS, 
Agricultural, Beltsville, Maryland, United States; 2USDA, 
Beltsville, Maryland, United States; 3USDA-ARS, Beltsville, 
Maryland, United States; 4USDA-Agricultural Research 
Service, Beltsville, Maryland, United States. 

This study was conducted to develop an antigen-capture 
ELISA that detects an immunodominant antigen 
of Eimeria, 3-1E, using a set of 3-1E specific mouse 
monoclonal antibodies (mAbs). 3-1E-specific antigen-
capture ELISA was developed using compatible mAb pairs 
(#318 and #320) selected from six mAbs (#312, #317, #318, 
#319, #320, and #323) with high binding activity against 
recombinant 3-1E protein. A higher level of 3-1E was 
detected in the lysate of sporozoites than in sporocysts and 
the result of immunofluorescence assay (IFA) using two 
mAbs (#318 and #320) showed specific staining around the 
membrane of E. tenella sporozoites. In order to measure the 
changes in the 3-1E level during in coccidiosis, serum, feces, 
jejunal and cecal contents were individually collected daily 
for seven days post-infection with E. maxima and E. tenella. 
Obtained data were evaluated using Student t-test, and one-
way ANOVA followed by Tukey’s test. The new ELISA was 
sensitive and specific for 3-1E detection in all samples 
collected daily from E. maxima- and E. tenella-infected 
chickens for a week, and the detection sensitivity ranges 
were 2-5 ng/mL and 1-5 ng/mL in serum, 4-25 ng/mL and 4-
30 ng/mL in feces, 1-3 ng/mL and 1-10 ng/mL in cecal 
contents, and 3-65 ng/mL and 4-22 ng/mL in jejunal 
contents. The overall 3-1E levels started to increase from 4 
days post-infection (dpi), and the highest production was 
shown on 5 dpi. Among the samples collected from Eimeria-
infected chickens, the highest overall detection level was 
found in the jejunal contents. Furthermore, the level of IFN-
γ in serum was significantly (P < 0.05) increased from 3 dpi 
and peaked on 5 dpi post E. maxima infection. Post E. 
tenella infection, the level of IFN-γ in serum was gradually (P 
< 0.05) increased from 2 to 5 dpi and plateaued at 7 dpi. The 
level of TNF-α in serum was rapidly (P < 0.05) increased 
from 4 dpi and those levels were kept —until 7 dpi post 
both Eimeria infections (E. maxima and E. tenella). This 
study demonstrated that the newly produced anti-3-1E mAbs 
specifically recognized E. tenella sporozoites. More 
importantly, the daily changes in the 3-1E levels in different 
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samples from E. maxima- and E. tenella-infected chickens 
were effectively monitored with this new antigen-capture 
ELISA. Therefore, this new immunoassay is a sensitive 
diagnostic tool to monitor coccidiosis in a large field 
population in the commercial poultry farms using serum, 
feces, and gut samples during the entire period of infection 
cycle starting from 1 day after infection. 

248 Evaluation of B. subtilis-cNK-2 as an alternative 
antibiotic to control avian coccidiosis. Samiru S. 
Wickramasuriya*1, Inkyung Park1, Youngsub Lee1, Hyun 
Lillehoj2; 1USDA-Agricultural Research Service, Beltsville, 
Maryland, United States; 2USDA, Beltsville, Maryland, 
United States. 

Recently, we reported the clinical success of an oral-delivery 
system of B. subtilis spores expressing a novel chicken NK-
2 antimicrobial peptide (AMP) as a novel alternative to 
antibiotics to combat avian coccidiosis. This study 
investigated the in-feed application of B. subtilis-cNK-2 
system to reach the chicken gut and its effect on growth 
performance, oocyst shedding and gut health of broiler 
chickens. Further, comparison was made between B. 
subtilis-cNK-2 effects and its of Monensin. A total of 120 
broiler chickens were allocated into five treatment groups in 
a completely randomized design as: 1) non-infected control 
(NC), 2) infected control (PC), 3) infected chicken fed with 
basal diet containing 90 mg Monensin/kg feed (MO), 4) 
infected chicken fed with basal diet and oral administrated B. 
subtilis-cNK-2 at 1010 cfu/day (CNKO), and 5) infected 
chicken fed with basal diet containing B. subtilis-cNK-2 at 
1010 cfu/kg feed (CNKF). All chickens, except the NC group, 
were challenged with 5,000 sporulated Eimeria 
acervulina (E. acervulina) oocysts through oral gavage on 
day 15. Chickens in CNKO group were orally gavaged 
with B. subtilis-cNK-2 spores from day 14 to day 18. Body 
weights were measured on days 7, 14, 21 and 23. Duodenal 
samples were collected on 6 day post infection (dpi) to 
assess the gut integrity, oxidative makers and mucosal 
immunity. To enumerate oocyst shedding, fecal samples 
were collected from 6 to 8 dpi. Chickens in CNKO group 
showed improved (P < 0.05) growth performance, and 
mucosal immunity compared to PC chickens. Similar body 
weight (P > 0.05) was showed in both MO and CNKO 
groups, while chickens in PC and CNKF treatment groups 
showed lower (P < 0.05) body weight compared to CNKO 
chickens at day 23 (9 dpi). Chickens in MO treatment group 
showed lower (P < 0.05) oocyst shedding followed by CNKF 
and CNKO treatments compared to oocyst shedding in PC 
chickens. Overall, short term oral administration of B. 
subtilis-cNK-2 improved growth performance, enhanced 
local protective immunity, and reduced fecal oocyst 
shedding of broiler chickens similar to Monensin, 
demonstrating its potential as an antibiotic alternative. 
Further studies are needed to evaluate the higher doses 
of B. subtilis-cNK-2 to see the possible positive effects of B. 
subtilis-cNK-2 treatment on coccidiosis. 

249 A meta-analysis of the impact of necrotic enteritis 
in broilers using performance and health related metrics 
across multiple infection models. Sasha van der Klein*1, 
Ceinwen Evans1, Leon Marchal1, Kirsty Gibbs1; 1Danisco 
Animal Nutrition & Health, Oegstgeest, Select One, 
Netherlands. 

Necrotic enteritis (NE) is a complex disease in 
which Clostridium perfringens is the causative agent 
and Eimeria infection can be a predisposing factor. The 
development of non-antibiotic interventions against NE is 
challenging. This meta-analysis comprised 10 trials 
conducted at 4 different locations and evaluated the 
outcomes of 6 NE infection models all of which incorporated 
an Eimeria challenge and 4 were followed by a C. 
perfringens challenge. Evaluation was based on 
performance data (growth, feed intake, feed conversion), 
health indicators (mortality, NE lesion scores, NE induction 
rate) and, in 3 trials only, gut integrity [tight junction protein 
claudin-1, claudin-2, and zonula occludens-1 expression, 
coccidia counts, and intestinal permeability (FITC-dextran 
assay)]. Treatments included a non-challenged control (NC) 
and a challenged control (CC) with 8–12 replicates per 
treatment. All trials reported performance reductions in CC 
birds compared to NC birds, but the magnitude of the 
reductions varied: Final (d 35 or 42) body weight was 
reduced by 3.9–14.4% and d 0–28 FCR was increased by 
up to 21 points (15.3%, all P < 0.05) in CC vs NC birds, 
across trials. Similarly, 1–4 days post infection NE lesion 
scores were increased by 0.05–2.50 points and NE-mortality 
at d 28 was increased between 1.8% and 16.7% as a result 
of the challenge, respectively, in CC vs NC. The different 
outcomes among trials, including repeat trials in the same 
facility, highlights the variability in infection biology. This is 
consistent with NE in the field where disease manifestation 
is variable. Correlation and principal component analyses 
(PCA) of all response variables measured at all ages in all 
trials identified several biologically plausible relationships. 
For example, FCR during d 14–21 was negatively correlated 
with claudin-1 expression (r = -0.32,P < 0.001) and positively 
correlated with NE lesion scores, (r = 0.60, P < 0.001) at d 
21, suggesting that decreased gut integrity or increased 
pathogenic load resulted in decreased feed efficiency. There 
was significant overlap between the principal components of 
NC and CC data in the PCA when only performance 
measures were included. However, when gut integrity 
markers were included in the PCA there was greater 
differentiation, indicating these to be stronger differentiating 
variables. This fundamental understanding of the different 
available NE models within a (nutribiotic) framework of 
measurables is required to further define models for NE 
solutions development and understanding their mode of 
action. 

250 Recent observations on Hemomycetes avium a 
blood fungus of poultry. Paul Cotter*1; 1Cotter Laboratory, 
Research, Arlington, Massachusetts, United States. 

Hemomycetes avium (Ha) is a widely distributed avian 
fungus first described in laying hens, later in (Specific 
Pathogen Free, SPF) chickens, ducks, turkeys, and water 
fowl. However, it is not widely known. Therefore, 
the objective/goal is to add to descriptions of its peculiar 
morphology especially because Ha is found in blood and 
other tissues and to educate poultry diagnosticians and 
scientists about the importance of disease potential 
associated with Ha. The method/design is a light 
microscopy study of samples stained with Wright-Giemsa 
and infected with Ha. Results. The presentation begins with 
examples from chickens and continues with other poultry 
and water fowl. The original example was in blood from a 56 
wk hen with low (heterophil/lymphocyte, H/L ratios (~ 0.2) 
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and a high total white count (TWBC, 200k/μL). A suggestion 
that the H/L ratio can be misleading in the absence of the 
TWBC. Examples of Ha attached at the cm surface in the 
blood of young SPF chickens illustrate the capacity for 
erythrocytes to act as transportation vehicles. Erythrocyte 
morphology is affected by Ha as early developmental types 
(ovoid cells) accumulate in the circulation of infected birds. 
In fungemia, cells of the lymphoid series often display an 
irregularity of the cell membrane (zeiosis). Bone marrow 
from lame (BCO) commercial broilers contain Ha mycelia 
and diverse bacteria. Ha can be in blood and tissues 
sampled from lame ducklings. An example where Ha shards 
(mycelial fragments) were found in the bursa of Fabricius 
along with diplococci, likely Streptococcus sp. is included. 
This case calls attention to the need to recognize “shards” 
as portions of a disintegrated mycelium can exist in the free 
or phagocytosed states. Conclusions/significance: Given 
the attention mycotoxins receive in poultry husbandry it is 
surprising that Ha and other fungi (Mucor, Ochroconis spp. 
as examples) capable of infecting blood and tissues 
(mycoses) are not better known. This presentation is an 
attempt to address a deficiency of information on fungal 
infection of poultry. 

251 Case report of histomoniasis in broiler breeder 
pullets. Vijay Durairaj*1, Mary Drozd2, Emily Barber1, 
Brandon Doss3, Ryan Vander Veen1; 1Huvepharma, Inc., 
Lincoln, Nebraska, United States; 2University of Nebraska-
Lincoln, Lincoln, Nebraska, United States; 3Huvepharma, 
Inc., Peachtree City, Georgia, United States. 

Histomoniasis, commonly called blackhead disease, is 
caused by the protozoan parasite Histomonas 
meleagridis. Heterakis gallinarum, the cecal nematode of 
gallinaceous birds, acts as an intermediate host in 
transmitting histomoniasis. Histomoniasis affects all 
gallinaceous birds and turkeys are highly susceptible to 
histomoniasis compared to chickens. In recent years, there 
have been increased incidences of histomoniasis in broiler 
breeders. In Spring 2022, histomoniasis was documented in 
four-week-old-broiler breeder pullets in two out of seven 
houses (n=14,000 birds/ house) in Southern Central, USA. 
On necropsy, necrotic foci in the liver and typhlitis were 
noticed. Cecal samples were collected in modified Dwyer’s 
media and shipped to the lab in warm insulated containers. 
Cecal and liver samples were collected in 10% neutral 
buffered formalin for histopathological evaluation. H. 
meleagridis and Blastocystis sp. along with unidentified 
bacterial population were detected in the cecal culture. 
Histopathological evaluation of ceca revealed 
necroulcerative typhlitis with Histomonas trophozoites and 
abundant pleomorphic bacteria. The liver samples had 
granulomatous to pyogranulomatous hepatitis with 
hepatocellular necrosis and Histomonas trophozoites. Gene 
targeted sequencing of H. meleagridis 18S rRNA and rpb1 
revealed that this wild-type field isolate belongs to genotype-
1. Presumptive diagnosis was made based on the gross 
pathology lesions and confirmative diagnosis was made 
based on the presence of Histomonas trophozoites in the 
histopathology evaluation. In addition, gene targeted 
sequencing confirmed this wild-type isolate as genotype-1. 

252 Inhibition of avian influenza by mycophenolic 
acid in vitro. Steven Baranowitz*1; 1Epitek, Inc., Marlton, 
New Jersey, United States. 

Objective: The poultry industry is currently experiencing one 
of the worst avian influenza epidemics in history. As part of 
a multi-year project to identify new and broad-spectrum 
antiviral treatments, we identified a class of drugs known as 
IMPDH inhibitors which are effective inhibitors of multiple 
types of influenza, including avian influenza. The in vitro 
tests we conducted indicate that mycophenolic acid should 
be tested in poultry for prevention and short-term, low-dose 
treatment. Implications for developing new types of feed 
which would render the poultry resistant to avian influenza 
are also detailed. Experimental Design: We conducted in 
vitro screening tests on three strains of influenza using a 
positive control and with a range of drug concentrations. 
Materials and Methods: In vitro tests were conducted on 
influenza strains H5N1 Highly Pathogenic Strain Hong 
Kong/213/2003, H5N1 Strain Duck/MN/1525/81 and H3N2 
Perth/16/2009. The cell line was MDCK and the vehicle for 
mycophenolic acid was DMSO. The drug concentration 
range tested was 0.1-100 ug/ml. Ribavirin was used as a 
positive control for each strain. The assays used were Visual 
(Cytopathic effect/Toxicity) and Neutral Red (Cytopathic 
effect/Toxicity). The tests were conducted in collaboration 
with NIAID/NIH. Statement on Analysis: As this was a 
screening test, it was not appropriate to perform statistical 
analysis. Note that an active comparator control was used. 
Results: Mycophenolic acid was highly active against all 
three strains. For all of these, the Selectivity Index of 
mycophenolic acid was 3-10x greater than the positive 
control ribivarin. Conclusion: Mycophenolic acid is highly 
active in inhibiting both Hi Path and low path avian influenza 
strains in vitro. 

253 Microbiota on the surface of footpads and meat 
quality of broiler chickens with different footpad 
dermatitis scores. Janghan Choi*31, Doyun Goo2, 
Byungwhi Kong3, Brian Bowker3, Hong Zhuang3, Woo K. 
Kim1; 1University of Georgia, Poultry Science, Athens, 
Georgia, United States; 2University of Georgia, Poultry 
Science, Athens, Georgia, United States; 3USDA-ARS, US 
National Poultry Research Center, Athens, Georgia, United 
States. 

Chicken feet are consumed in many countries and are 
important export products for the US. Diverse microbes are 
harbored on the surface of chicken feet and pathogenic 
bacteria may enter inside of the body via chicken foot skin, 
which may negatively influence muscle physiology. The 
purposes of this study were: 1) to investigate microbiota on 
footpads at different broiler ages and in broilers with different 
footpad dermatitis (FPD) scores on D 42, and 2) to 
investigate the relationship between breast meat quality of 
broiler chickens and FPD scores. Broilers were raised for D 
42 in floor pens (L: 1.52 m; W: 1.22 m; H:0.61 m; 13.48 birds 
per m2) with pine shavings. On D 7, 21, and 42, eight birds 
with healthy feet were selected for comparing microbiota on 
footpads at different ages. On D 42, 24 birds (8 birds per 
FPD score 0, 1, and 2) were selected for investigating 
relationships between FPD score and microbiota and 
between FPD score and breast meat quality. Orthogonal 
polynomial contrasts were used to evaluate the significance 
of linear or quadratic relationship between FPD and 
measurements. On the footpad surface, relative abundance 
of the phylum Proteobacteria linearly decreased as broiler 
age increased (P < 0.05) and alpha diversity parameters 
including shannon entropy and observed features of 
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bacterial communities linearly decreased as FPD score 
increased. Beta diversity analyses indicated that footpads 
with different FPD scores had significantly different microbial 
communities on D 42 (P < 0.05). As the FPD score 
increased on D 42, relative abundance of family 
Enterobacteriaceae on the footpad surface linearly 
decreased (P < 0.05) and phylum Proteobacteria tended to 
linearly decrease (P = 0.069); however, the serum endotoxin 
level tended to increase (P = 0.059), and the relative portion 
of pectoralis major was quadratically increased (P < 0.05). 
Additionally, pH of pectoralis major tended to linearly 
decrease (P = 0.076) and the lightness of pectoralis major 
tended to linearly increase as FPD score increased (P = 
0.088). In conclusion, our data indicate that FPD affected 
microbiota on the surface of footpads, and broilers with 
different FPD had different breast meat portion and breast 
meat quality. 

254 Modulation of Immune Response by Dietary 
Spray dried Plasma in Salmonella-Challenged Broiler 
Chickens. Adedeji O. Adetunji1, Temitayo Obanla1, 
Odinaka Iwuozo*1, Kolapo Ajuwon2, Md Maruf Khan1, 
Yewande Fasina1; 1North Carolina A&T State University, 
Greensboro, North Carolina, United States; 2Purdue 
University, West Lafayette, Indiana, United States. 

Spray-dried plasma (SDP) is a functional feed additive that 
has been established to improve the performance, feed 
efficiency, and health of livestock. Understanding the role of 
SDP in immune response modulation is essential in 
effectively controlling Salmonella Enteritidis (SE) infection. 
This study evaluated the expression levels of selected 
cytokine genes in the cecal tonsil of SE-challenged broiler 
chicks. In a 3 (three diets) x 2 (Salmonella challenge: 
nonchallenged versus SE-challenged) factorial design, 360 
broiler chicks (day-old) were randomly assigned to six 
treatments (4 replicates / treatment; 15 chicks / rep). 
Treatment 1 (CX), Treatment 2 (MX), and Treatment 3 (PCX) 
consisted of chicks given unmedicated corn-SBM basal diet 
(UC-SBM), UC-SBM to which bacitracin methylene 
disalicylate (BMD, an antibiotic) was added at 0.055 g/kg 
diet, and UC-SBM to which SDP was added at 30 g/kg diet, 
respectively. Treatments 4 (SE), 5 (MSE), and 6 (PSE) 
consisted of chicks given diets similar to CX, MX, and PCX 
treatments, respectively, and inoculated with 7.46 × 108 CFU 
SE /mL at 1 d of age. The establishment of SE infection was 
confirmed. On d 3, 7 and 14 post-challenge, cecal tonsils (n 
= 4 / treatment) were collected for qRT-PCR analysis to 
determine the expression levels of interleukin (IL)-1β, IL-13, 
IL-17, and transforming growth factor (TGF)-β genes. Also, 
on d 28, concentrations of anti-SE IgY, interferon-γ (IFN-γ), 
and IL-6 proteins were determined in plasma using ELISA. 
Data were analyzed by ANOVA, using the PROC GLM 
procedure of SAS software. Results indicated that among 
SE-challenged treatments, IL-1β and IL-13 were 
upregulated in MSE and PSE treatments (P < 0.05; 1.08-
1.12 folds for IL-1β; 1.02-1.07 folds for IL-13) compared to 
SE on d 3 post-challenge, while differences were not 
observed for IL-17 and TGF-β. On d 7 post-challenge, 
similar trends were observed for all cytokines except TGF-β. 
Specifically, the expression level of TGF-β was higher in 
PSE treatment (P < 0.05; 1.10 folds), compared to SE and 
MSE. By d 14, inflammation subsided in all SE-challenged 
treatments as there was no difference (P > 0.05) in IL-1β 
among treatments. On d 28 post-challenge, the 

concentration of IFN-γ among SE-challenged treatments 
was higher for PSE and MSE (P < 0.05; 0.31-0.38 ng/mL) 
compared to SE (0.25 ng/mL), and the reverse was the case 
for IL-6. Furthermore, anti-SE IgY was higher in all SE-
challenged treatments (P < 0.05; 1.50-1.58 ng/mL) 
compared to non-challenged treatments (CX, MX, and PCX; 
1.21-1.26 ng/mL). It was concluded that dietary SDP showed 
similar potency to BMD in modulating intestinal cytokine 
responses against intestinal SE colonization in broiler 
chicks. 

255 A curated pathway catalogue for intestinal health 
reveals functional profiles of a set of production issues 
and feed additives using mRNAseq data from young 
chickens. Luis F. Romero*1, Mislav Acman1, Laura 
Payling1; 1Anh-innovation, Biofractal, Loule, Algarve, 
Portugal. 

The current publicly available pathway annotations for gene 
expression analyses in chickens have significant gaps due 
to factors including the asynchronous updating and cross 
validation of the reference genome, proteins, and pathways 
databases. A poultry intestinal health pathway catalogue for 
applied research (Gut SAVVYTM) was curated based on a 
selection of publicly available chicken pathways, peer-
reviewed papers, genes, and protein databases, in 
reference to the current chicken reference genome 
(GRCg7b; Ensembl). The catalogue was organized around 
1) immune function, 2) epithelial integrity, 3) oxidative stress, 
4) digestion and absorption, 5) microbial metabolites, and 6) 
gut-brain axis, for genes expressed in the gastrointestinal 
tract or liver of chickens. A pipeline for normalization, 
differential gene expression, and pathway activation 
analyses (Biofractal) was developed and ran with a selection 
of 11 independent gastro-intestinal mRNAseq 
(transcriptomics) treatment comparisons using samples 
from young chickens (7-30 d). Treatments included E. 
maxima, S. enterica, or C. jejuni challenge, chronic and 
acute heat stress, or supplementation with a phytogenic, a 
polyphenol blend, an antibiotic, or a yeast cell wall, and a 
commercial trial comparing low versus high performing 
broiler farms. The objective was to characterize the pathway 
activation profile of intestinal samples under these 
treatments versus control treatments. Tissues included 
jejunum, ileum, cecum, cecal tonsils, and liver. Among the 
analyzed treatments, acute heat stress demonstrated the 
highest and widest effects across all the pathways groups, 
with remarkable inhibition of innate immune system, tight 
junctions, antioxidant systems, and fat digestion and 
absorption related pathways (P<0.01). E. maxima challenge 
at 8 DPI also had wide effects, with notable inhibition of 
specialized pro-resolving mediators, innate immunity, MTOR 
signaling, mitochondrial biosynthesis, protein digestion and 
absorption, and mineral absorption pathways; as well as a 
marked activation of cell turnover related pathways. The 
feed antibiotic tested exhibited a general inhibition of innate 
immunity related pathways, and an activation of antioxidant 
nutrients metabolism, mineral absorption, metabolism of 
microbial aromatic amino acid metabolites, and gastrin-CCK 
pathways. Feed additives and the low-performance farms 
analyzed offered more specific, relatively less pronounced 
responses, but had effects across all intestinal health 
dimensions analyzed. Improved chicken pathway ontologies 
and annotations in specific functional areas can increase the 
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depth and usefulness of gene expression insights for R&D, 
new product development, and on-farm diagnostics. 

256 Not Presented. 
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Metabolism and Nutrition: Feed Additives II

257 A new dietary strategy to improve pullets’ bone 
mineralization. Paul Engler*1, Dominique Chavatte2, 
Mohamed el amine Benarbia1; 1Nor-Feed, Beaucouzé, 
France; 2DLJ Consultant, Saint Brieuc, France. 

Bone mineralization in pullets is key to future laying 
performance and hen welfare. Recent studies have however 
shown that oxidative stress is detrimental to mineralization. 
The present study aimed at evaluating the effect of a dietary 
grape extract on pullet bone health. 36300 day-old pullets 
were randomly divided in two barns on the same farm site. 
The control starter, grower and pre-layer diets (CTL, 
n=18150) were classic wheat/corn/soy-based diets and 
distributed to the flock from d1 to wk17. The supplemented 
group (NG, n=18150), received the same starter, grower and 
pre-layer diets with 30 ppm of Nor-Grape (Nor-Feed, France) 
added on top throughout the whole rearing period. Both CTL 
and NG groups followed the same prophylaxis and 
vaccination protocol. On wk 17, 50 pullets were sampled 
from each group, euthanized and autopsied to assess keel 
bone deformation. A leg from each bird was also sent to an 
independent laboratory to measure tibia dry matter and 
mineral matter content, Ca and P content and bone flexibility. 
Statistical comparisons of bone composition and strength 
results between groups were performed using t-test. 
Khi2 test was used to compare proportion of keel bone 
abnormalities between groups. Tibia dry matter and mineral 
matter were significantly higher in the bones from the 
supplemented pullets (+1.1% and +0.9% of tibia weight (TW) 
respectively, p<0.01). This translated in higher levels of 
calcium (10.7% vs. 10.4% TW for NG and CTL respectively, 
p<0.10) and of phosphorus in bones (5.0% vs. 4.8% TW for 
NG and CTL respectively, p<0.05). Bone fracture force was 
also numerically increased in the NG pullets (+17%, ns.). 
Furthermore, the proportion of pullets presenting keel bone 
deviation also tended to be reduced in the NG group (18% 
vs. 32%, p=0.10). Overall, these results indicate a positive 
effect of NG supplementation on the bone mineralization of 
pullets during the rearing phase. This translated into a lower 
proportion of keel bone problems. Such improvement, 
before the demanding period for the skeletal system that the 
laying period represents, indicate a better preparation of the 
pullets and an improvement of their welfare linked to better 
bone health. 

258 Effects of selenomethionine and 25-
hydroxycholecalciferol on breast muscle myopathies in 
broilers. Antonio G. Bertechini*2, Jolien van Soest1, Jordyn 
Samper4, Luiz Gustavo Rombola3; 1Orffa Additives, Central 
Technical Management, Breda, Netherlands; 2Federal 
University of Lavras, Animal Science, Lavras, Minas Gerais, 
Brazil; 3Orffa Additives, São Caetano do Sul, Brazil; 4Orffa 
Additives B.V., Midlothian, Virginia, United States. 

The high incidence of breast muscle myopathies, such as 
wooden breast (WB) and white striping (WS), presents a 
challenge in fast-growing broiler chickens. Feed additives 
can assist to reduce the incidence and severity of these 
myopathies and the associated economic losses for the 
poultry industry. The aim of this trial was to evaluate the 
interactions of feed supplementation with selenomethionine, 
25-hydroxycholecalciferol (25-OH-D3), betaine and 
guanidinoacetic acid (GAA) in control of WB and WS in 

broilers.Nine hundred male Cobb 500 chicks were divided 
over nine treatments, each with ten replicates in a 
completely randomized design. Corn- and soybean meal-
based diets were fed. The feed supplements studied were in 
a 2 x 2 x 2 + 1 factorial scheme with two selenomethionine 
(Excential Selenium 4000, Orffa Additives BV) levels (0.175 
and 0.350 ppm Se) x two 25-OH-D3 (Excential First-25, Orffa 
Additives BV) levels (1,000 and 3,000 IU 25-OH-D3/kg), two 
betaine + GAA levels (1,200 ppm betaine + 0 ppm GAA; and 
600 ppm betaine + 600 ppm GAA), and a control treatment 
with 0.350 ppm inorganic selenium, 3,000 IU/kg vitamin D3 
without betaine and GAA. After 42 days, two broilers per 
cage were euthanized for analysis of carcass yield, and meat 
quality (pH, objective colour, shear force or cooking loss). 
Breast meat underwent WB and WS scoring. Data were 
analyzed using ANOVA and the Student-Newman-Keuls 
(SNK) test with 5% probability to compare the means of the 
experimental treatments. No effect of the different 
treatments was observed on performance, carcass yield, 
cuts, or meat quality. Higher selenomethionine levels 
compared to the lower levels and control, resulted in a lower 
percentage of WB score 1 (P=0.0296). The use of higher 
levels of selenomethionine contributed to reduction of WS 
scores with an increase in the zero score without 
myopathies(P<0.0425). Use of 25-OH-D3 at higher doses 
resulted in an increase in percentage of WB score 0 
(P=0.0001) and a decrease in percentages for WB scores 1 
(p=0.0007) and 2 (p=0.0335). The highest number of broilers 
without WB was observed in treatments including high levels 
of selenomethionine and 25-OH-D3 (0.350 ppm and 3,000 
IU, respectively)(P=0.0005). No significant effects were 
found for the use of betaine or GAA on WB scores. 
No significant effects were found for the use of 25-OH-D3, 
betaine or GAA on the incidence of WS. From the current 
study, it can be concluded that the higher inclusion level of 
25-OH-D3 (3,000 IU) can reduce the incidence of WB, and 
higher inclusion levels of selenomethionine (0.350 ppm) can 
decrease the incidence of WS. Both implicates that 25-OH-
D3 and selenomethionine can be used to reduce breast 
muscle myopathies in high-yielding broilers. 

259 Evaluation of Broiler Performance when fed 
EnzaPro® Supplemented Feeds. Sandra Rodrigues*1, 
Yun-mei A. Lin1, Sergio L. Vieira2; 1BioResource 
International, Durham, North Carolina, United States; 
2Universidade Federal do Rio Grande do Sul, Porto Alegre, 
Brazil. 

Undigestible substrates, including antinutrients, can feed 
opportunistic microorganisms in the hindgut which 
eventually leads to losses in broiler performance. A study 
was conducted to evaluate broiler performance and 
intestinal health when fed diets with three energy levels 
supplemented with a proprietary blend of endo-1,4-β-
xylanase (100,000 U/g) and multi-strain Bacillus sp. Direct-
fed microbial (109 CFU/g) (EnzaPro®, EP; BioResource 
International). Diets were corn-soy-based, and birds were 
orally challenged from day 11 to 13 with Clostridium 
perfringens (108 CFU/mL/bird) and were assigned to two of 
seven dietary treatments, with 22 birds per pen, and 10 
replicates per treatment. The birds were raised to 42 days in 
floor pens prepared with three-times reused pine shavings 
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as bedding. Basal diets were formulated in 4-phases feeding 
program (pre-starter d 0 to 7, starter d 8 to 21, grower d 22 
to 35, finisher d 36 to 42). Dietary treatments were T1: high 
energy, T2: moderate energy, T3: low energy, T4: very low 
energy, T5: T4+EnzaPro® 100g/MT, T6: T4+Challenge, T7: 
T4+Challenge+EnzaPro® 100g/MT. The difference between 
the high energy treatment and the very low energy treatment 
was 150 kcal/kg in all phases, with a reduction of 50 kcal/kg 
between each treatment at all phases. Variables determined 
were feed intake; feed conversion; body weight gain; 
mortality and also performed I See Inside analysis (ISI) and 
values of fluorescein isothiocyanate dextran (FITC-d) at 21 
days. Data were analyzed using SAS and significance was 
considered when probability was lower than 0.05. The 
challenge was not of significant severity such that 
differences in ISI and FITC-d parameters were not observed. 
However, EnzaPro® improved FCR of broilers at 35 and 42 
days, regardless of challenging, and the overall mortality and 
uniformity (P<0.05). Regression equations for FCR allowed 
estimating an increased contribution of energy from 
EnzaPro® supplemented feeds of 73 and 55 kcal ME/kg at 
35 and 42 days of age, respectively. 

260 Effect of a precision biotic on the growth 
performance, microbiome, and cecal metabolites of 
broiler chickens Cristiano Bortoluzzi*1, Maia Segura-
Wang1, Alexandre. Leduc1, Christelle Iaconis1, Carrie L. 
Walk2, Jose Otavio Sorbara3; 1DSM Nutritional Products, 
College Station, Texas, United States; 2DSM Nutritional 
Products, UK, Heanor, United Kingdom; 3DSM, ANH 
Innovation, Ribeirão Preto, Brazil. 

Precision biotics (PB) are a new category of nutritional feed 
ingredients being developed to leverage the recent 
advances in microbiome science to answer new challenges 
in the poultry and other protein production industries. The 
objective of the present study was to evaluate the effect of a 
precision biotic (PB; SymphiomeTM, DSM Nutritional 
Products) on the growth performance, blood uric acid 
concentration, cecal short-chain fatty acids (SCFA) and 
polyamines concentration, and ileal and cecal microbiome. 
One-day-old broiler chicks were placed in 2 treatments, 8 
replicates/treatment, and 16 birds/replicate. The treatments 
were a corn/wheat and soybean meal-based diet without or 
with supplementation of 0.9 kg/MT of PB (400 ppm of dried 
glycan). All the birds were vaccinated against coccidiosis at 
the placement (Paracox 5). Growth performance was 
evaluated weekly, and at the end of the experiment. At day 
35, blood was collected to determine uric acid concentration 
and cecal content for SCFA and polyamines concentration 
analysis. The data were submitted to one-way ANOVA 
(P≤0.05), and Tukey’s Test was used to separate the means. 
There was no significant effect of treatment on the growth 
performance parameters (P > 0.05), even though the 
supplementation with PB improved the corrected feed 
conversion ration by 4 points on d 36. The SCFA 
concentration in the ceca was affected by the PB wherein its 
supplementation tended to increase the concentration of 
butyrate (P = 0.057) and valerate (P = 0.07) by 20%. 
Additionally, the supplementation of PB increased the cecal 
concentration of cadaverine (P = 0.05) by 43% and 
putrescine (P = 0.008) by 48%. The microbiome analysis 
showed that the supplemented of PB significantly reduced 
Shannon index (P = 0.02) and increased the abundance of 
many Lactobacillus species (P < 0.05) in the ileum. In the 

cecal microbiome, PB tended (P > 0.05) to 
increase Blautia and Lactobacillus. The supplementation of 
PB led to a shift in the microbiome functional profile, 
modulating pathways related to amino acid with a trend (P = 
0.09) to increase the microbiome protein metabolism index 
(MPMI). On the other hand, PB increased the abundance of 
butyrate kinase and pyruvate carboxylase genes in the cecal 
microbiome. Overall, PB induces beneficial changes of the 
microbial metabolism that changed the production of 
microbial metabolites and leads to improvements in growth 
performance. 

261 In-ovo feeding with creatine promotes energy 
levels and modulates pectoral muscle 
development. Jonathan Dayan*1, Tal Melkman-Zehavi1, 
Noam Goldman2, Marco Zampiga3, Federico Sirri3, Orna 
Halevy1, Zehava Uni1; 1Department of Animal Science, The 
Robert H. Smith Faculty of Agriculture, Food and 
Environment, The Hebrew University of Jerusalem, Rehovot 
7610001, Israel, Rehovot, Israel; 2Koret School of Veterinary 
Medicine, The Robert H. Smith Faculty of Agriculture, Food 
and Environment, The Hebrew University of Jerusalem, 
Rehovot 7610001, Israel, Rehovot, Israel; 3Department of 
Agricultural and Food Sciences, Alma Mater Studiorum- 
University of Bologna, Via del Florio, 2, 40064 Ozzano 
dell’Emilia, Italy, Ozzano dell’Emilia, Italy. 

Creatine, a high-energy value molecule, has a major role in 
energy metabolism, with the potential to affect the energetic 
status and muscle development of chicken embryos and 
hatchlings. This study examined the effect of In-Ovo Feeding 
(IOF) with creatine and NaCl on energy levels of embryos 
and hatchlings and on post hatch muscle development. 
On embryonic day (E) 17.5 IOF was performed. 150 
Cobb500 eggs were divided to three treatment groups: 
creatine (CRE) [0.6 ml of 1.5% creatine monohydrate in 
0.5% NaCl (AlzChem, Germany)], NaCl (0.6 ml 0.5% NaCl 
solution), and control (non-injected). Following IOF, eggs 
were transferred to hatching trays and hatchability was 
monitored. Post hatch, male chicks were reared until day 14 
and fed with starter diet and ad-libitum access to water and 
feed. Tissue sampling was performed on E17, E19, hatch, 
Day 1, Day 3, Day 6, and Day 14 (6 birds/day). Liver, breast 
muscle and yolk sac (YS) tissues were collected for creatine 
and glycogen content determination and breast muscle was 
collected for histology and gene expression (IGF1, MyoD, 
and MYOG). Data of energy levels and histology were 
evaluated by one-way ANOVA analysis for each timepoint. 
Expression patterns of genes (E17-D6) were evaluated 
using two-way ANOVA analysis with the treatment, day 
(age), and their interaction as the effects. Differences were 
tested by Tukey’s HSD test and considered significant with 
P-value ≤ 0.05. Results show that the hatchability was 
similar in all treatment groups reaching values of 94.7% - 
95.4%. As for energy levels, CRE group had the highest 
levels in all examined tissues on E19, 48 hours post IOF (P 
< 0.02). At that day, breast muscle creatine and glycogen 
amount of CRE group, was more than 30% higher compared 
to control and NaCl. In the liver and YS tissue creatine 
amount was +140% higher compared to control and NaCl. 
At hatch, YS tissue’s creatine amount in CRE group 
remained significantly higher with 180% difference. Here we 
applied a novel automated image analysis tool for the 
histological evaluation of breast muscle. Despite the 
evidence of highest energy levels post IOF in the CRE 
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group, the mean myofiber diameter and area were lower 
than those in the other groups on day 14 post hatch. At 
hatch, breast muscle gene expression of IGF1 and MYOG 
in CRE group was higher than the control and NaCl groups 
while that of MyoD was lower (P < 0.03). These results may 
imply that IOF with creatine slows the proliferation of 
myogenic cells while accelerating their differentiation, 
resulting in more myofibers with smaller size. Overall, in ovo 
creatine enrichment to embryos will promote their energy 
levels and modulate muscle development through 
differential expression of myogenic genes. 

262 Impact of Anhydrous betaine, essential oil and 
Direct Fed microbial (DFM) based feed additives on 
laying hen performance and egg quality from 15 to 60 
weeks of age. Amir E. Ghane*2, Emma White1, Sudipto 
Haldar3, Fajrin Sidiq2, Ceinwen Evans1; 1Danisco Animal 
Nutrition & Health (IFF), Leiden, Netherlands; 2Danisco 
Animal Nutrition & Health (IFF), Singapore, 
Singapore; 3Agrivet Research & Advisory P Ltd, Kolkata, 
India. 

The aim of the current study was to assess the performance 
benefits of different feed additive technologies (Direct fed 
microbial (DFM), betaine, essential oils and DFM/Enzyme 
combination) on laying hen performance and egg quality. 
294 Lohmann LSL lite laying hens were fed one of seven 
treatments. Treatments were a diet (C) formulated to meet 
the birds requirements and the C supplemented with either 
a 3 strain bacillus based DFM at 75000 cfu/g (DFM75) or 
150000 cfu/g (DFM150), an essential oil blend at 100 g/t 
(EO; containing cinnamaldehyde and thymol), Anhydrous 
Betaine at 200g/t (B), a blend of the betaine and EO (BEO) 
or a blend of the DFM75 and a xylanase, amylase and 
protease blend (SYN). Each treatment had 14 replicates of 
3 birds per pen. Diets were corn/soy based and were fed as 
a developer (15-20 weeks), Phase 1 (21-40 weeks), and 
Phase 2 (41-60 weeks). Diets were fed as mash. Egg 
production, feed intake and body weight (BW) were 
measured throughout the trial. Egg quality parameters were 
measured at start of lay and at 4 week intervals. Data were 
analysed using GLM in JMP with means separation by 
Tukey. During the developer phase (15 to 20 weeks) birds 
fed the additive supplemented diets tended to gain more 
weight with those fed the B and BEO treatments gaining 
significantly more weight than control birds (277, 280.5 and 
237.1 g, respectively). The B and BEO treated birds also 
maintained significantly (P<0.05) higher average BW during 
the 21 to 60 week laying phase (1561.7, 1566.5 and 
1518.5g, respectively). Supplementation of diets with 
DFM75 or DFM150 significantly (P<0.05) increased number 
of eggs produced per bird from 21-60 weeks versus the 
control (272, 272 and 269 eggs, respectively). Egg weight 
was significantly increased with the SYN treatment (58.8 vs 
57.3g). Use of DFM75, B and BEO significantly (P<0.05) 
increased yolk fan scores versus the control (6.33, 6.30, 6.34 
and 6.18, respectively). Haugh units were significantly 
(P<0.05) decreased with SYN (84.05 vs 85.72). Yolk height 
was numerically increased with EO, B and SYN treatments 
(16.73, 17.15 and 16.81, respectively vs 16.69). Egg shell 
strength was significantly (P<0.05) increased with B (4.28 
kgF vs 4.10 kgF) and numerically increased with all other 
treatments. Egg shell thickness was significantly (P<0.05) 
increased with DFM150, EO, B and SYN treatments (0.455, 
0.457, 0.452 and 0.454 vs 0.447 mm, respectively). Results 

from the study show that DFM, Betaine and EO based 
additives can influence both performance of laying hens pre 
and post laying and the quality of the eggs produced. 
Improvements in egg quality, especially eggshell benefits 
could reduce the number of egg downgrades and give 
economic benefits for producers. 

263 Bile acids improve broilers performance when 
reduced dietary metabolizable energy. Bruno Amorim3, 
He Dehao4, Luis Filipe Freitas3, Andressa C. Carvalho*1, 
Antonio G. Bertechini2; 1Federal University of Lavras, Animal 
Science, Lavras, Minas Gerais, Brazil; 2Federal University of 
Lavras, Animal Science, Lavras, Minas Gerais, Brazil; 
3Mcassab Animal Nutrition, São Paulo, Brazil; 4Lachance 
Group, Jinan, China. 

The present study aimed to evaluate the effect of bile acids 
(BAs), composed of cholic and deoxycholic acids, on the 
growth performance of broilers until 35 days of age. A total 
of 1120 one-day-old Cobb 500 male broilers were randomly 
allocated into seven treatments with eight replications of 20 
birds each, totaling 56 pens. The treatments consisted of T1 
- positive control (PC) with more than 5% of dietary ether 
extract, T2 - negative control (NC) with a reduction of 70 kcal 
of ME/kg compared to PC, T3 - PC + 100 g/ton of BAs, T4 - 
PC + 150 g/ton of BAs, T5 - PC + 200 g/ton of BAs, T6 - NC 
+ 100 g/ton BAs and T7 - NC + 150g/ton of BAs. Corn-
soybean meal-based basal diets were formulated according 
to the nutritional levels recommended by the Cobb-500 
guidelines for the initial (1-21d of age) and growth (22-35d of 
age) phases and were offered in a mashed form. The BAs 
were added in replacement of inert material (kaolin). 
Performance variables (feed intake, body weight gain, and 
feed conversion rate) were evaluated for each phase (1 to 
21d, and 22 to 35d of age) and for the entire period (1-35d 
of age). The data were evaluated by one-way ANOVA and 
compared by the post hoc SNK test at a 5% level of 
probability. The feed intake was only affected (P<0.05) in the 
growth phase (22 to 35d of age) with a high intake on T6 
compared to T1 (an increase of 6,3%). However, when 
considering the total period (1 to 35d of age) no differences 
(P>0.05) were observed between the treatments. The supply 
of BAs under the PC (T3, T4, and T5) did not result in any 
differences compared to PC on the performance variables in 
all periods, showing no adverse effect in using BAs. A 
numeric improvement in feed conversion rate was observed 
at the initial phase of 3,3%, 4,7%, and 5,1% when supplied 
100g/ton, 150g/ton, and 200g/ton of BAs respectively, 
compared to PC. The reduction of ME in the NC impairs the 
body weight gain and the feed conversion rate of the birds 
(P<0.05) in all phases evaluated compared to the other 
treatments. An improvement (P<0.05) in broiler body weight 
gain and feed conversion rate was observed when supplied 
BAs to a diet with a reduction of 70 kcal of ME/kg showing 
better energy use. In this way, no differences (P>0.05) were 
observed for performance variables in all phases tested 
between T6, T7, PC, and PC + BAs (T3, T4 and T5). In 
conclusion, the supplementation of BAs from 100g/ton 
improves the performance of broilers from 1 to 35 days of 
age when reduced dietary metabolizable energy in 70 Kcal 
EM/kg. 

264 Evaluation of the productive performance of Ross 
308 male broiler chickens fed with diets containing a 
combination of gluconeogenics and plant extracts as a 
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replacement of soybean oil. Octavi C. Balaña1, Juan 
Miguel Ruiz Rodriguez2, Ignacio Josa*1, Bosko Vidovic1, 
Ekaitz Maguregui1, Sudipto Haldar3, Tusar 
Chowdhury3; 1Igusol, Technical, Barcelona, Catalonia, 
Spain; 2Igusol Advance S.A., Technical Department, 
Navarrete, La Rioja, Spain; 3Agrivet, Kolkata, India. 

A trial was conducted to evaluate the effects on performance 
and carcass traits of supplementing oil deficient broiler diets 
with a combination of gluconeogenic compounds and plant 
extracts, which claim to improve feed efficiency through 
hepatic metabolic enhancement (Solergy™ by Spanish 
company Igusol). 400 one-day old Ross 308 male chicks 
were randomly assigned to five treatment groups (8 floor-
pen replicates/treatment and 10 chicks/replicate). Broilers 
were reared on a 2-diet program, starter from day 1 to 12 
and grower-finisher from day 13 to 35. Feed was presented 
as crumbles until day 24 and as pellets during days 25-35. 
A positive control group received a diet formulated as per 
Ross 308 standards with 3000 kcal/kg ME and 15 kg/ton 
soybean oil for the starter and 3100 kcal/kg ME and 25 
kg/ton soybean oil for the grower-finisher. Negative control 
group 1 had soybean oil reduced by 7.5 g/kg and 2958 
kcal/kg ME for the starter and 3058 kcal/kg ME for the 
grower-finisher. Negative control group 2 had soybean oil 
reduced by 10 g/kg and 2945 kcal/kg ME for the starter and 
3045 kcal/kg ME for the grower-finisher. Treatment group 1 
had soybean oil reduced by 7.5 g/kg with Solergy 
supplemented at 1 g/kg and 2955 kcal/kg ME for the starter 
and 3055 kcal/kg ME for the grower-finisher. Treatment 
group 2 had soybean oil reduced by 10 g/kg with Solergy 
supplemented at 1 g/kg and 2941 kcal/kg ME for the starter 
and 3041 kcal/kg ME for the grower-finisher. Corn was used 
as a filler in all groups. The study was conducted at Agrivet 
Research & Advisory, in India. Parameters measured were 
body weight (BW), feed intake (FI) and feed conversion 
(FCR), which were recorded on days 12, 24, and 35. Gross 
carcass traits including absolute and relative weights of 
eviscerated carcass, liver, heart, gizzard, breast, abdominal 
fat, leg and thigh were measured at the end of the feeding 
trial (35 d). Data analysis used pen averages as 
experimental units for performance parameters and 
individual observations for carcass traits. Analysis was done 
using the general linear model of SPSS (version 26.0) with 
ANOVA. Tukey’s HSD test was used to separate means 
when significant differences were found. Negative control 
groups had statistically significant reductions of BW and 
increments of FCR in relation to positive control and Solergy 
supplemented groups (P<0.05). Solergy supplemented 
groups had no statistically significant differences of BW and 
FCR in relation to the positive control group (P>0.05). Gross 
carcass traits did not show any statistically significant 
differences among groups (P>0.05). Results suggest that 
supplementing 1g/kg of Solergy in oil deficient broiler diets 
can sustain their performance. 

265 Deposition of cannabidiol in different tissues of 
chickens fed hemp extract. Pawel Konieczka*12, Misza 
Kinsner2, Dominika Szkopek2, Krzysztof Kozlowski1, Joanna 
Banach3; 1University of Warmia and Mazury, Poultry 
Science and Apiculture, Olsztyn, Poland; 2The Kielanowski 
Institute of Animal Physiology and Nutrition Polish Academy 
of Sciences, Animal Nutrition, Jablonna, , Poland; 3Institute 
of Natural Fibres and Medicinal Plants-National Research 
Institute, , Poznan, , Poland. 

Based on previous research and the available literature a 
positive effect of both cannabidiol (CBD) and nano form of 
selenium (Nano-Se) on the quality of broiler chicken meat 
have been confirmed. CBD obtained from Cannabis 
sativa and Nano-Se were also effective in modulating the 
host response to challenge with C. perfringens in broiler 
chickens as well as mediated expression of genes 
determining intestinal integrity. Both agents were confirmed 
that promoted changes in gut bacterial enzyme activity and 
enhance potential collagenase activity. The potential of Se 
deposition in chicken’s tissue as a result of different form of 
Se supplementation has been evidenced though, there is 
lack of similar reports regarding CBD deposition. This pilot 
study aimed to investigated if feeding diet containing hemp 
extract may affect deposition of CBD in different tissues of 
chickens. Hemp extract was obtained from plants registered 
in the EU (Research Centre for Cultivation Testing, Polish 
National List of Variety (NLI); Tygra No. R1865) and 
contained less than 0.2% cannabinoid. Therefore, 
considering the inclusion level (15 g/kg diet) of CBD in the 
diet, the final concentrations were 0.0735 g of 
tetrahydrocannabinol/1 kg diet and 1.8 g of CBD/1 kg diet. 
The following treatments were prepared: CON - control 
group; CON positive - birds fed a CON diet challenged 
with C. perfringens; CBD - CON positive + dietary 
supplementation with CBD; Nano-Se - CON positive + 
dietary supplementation with nano form of selenium; CBD + 
Nano-Se - CON positive + dietary supplementation with both 
additives. At days 21 and 42 of age, 8 birds from each 
treatment were culled and samples of liver, brain and breast 
muscle were collected for CBD concentration determination. 
Data were compared using one-way ANOVA (Tukey test) 
considering P<0.05 as significant. Obtained data indicated 
that CBD was only detected in birds fed diet with CBD. There 
was no difference between CBD concentration in different 
tissue in chickens received Nano-Se or due to the challenge 
(P>0.05). In all birds fed CBD its concentration was detected 
in liver, brain and breast muscle however, a higher it 
concentration was found in birds culled at 21 days of age 
comparing to that of 42 day of age (P<0.05). 
Our data indicate that CBD from hemp extract is effectively 
deposited in different tissues of broiler chickens, however, 
the rate of deposition decrease as chicken age proceed. 
This work was supported by National Science Centre, grant 
No. 2018/29/B/NZ9/01351. Project financially supported by 
the Minister of Education and Science under the program 
entitled "Regional initiative of excellence" for the years 
2019–2023, Project no. 010/rid/2018/19, amount of funding: 
12.000.000 PLN. 

266 Supplementation of broiler diets with pure or 
plant-derived phytochemicals alters performance, 
intestinal histomorphology, lipid profiles, and hepatic 
gene expression in broilers. Samar A. Tolba*12, Jordyn Z. 
Figur1, Jake B. Hermanson3, Evan A. Chrisler1, Sean M. 
Baker4, Richard S. Reiner5, Rajai H. Atalla5, Mark P. 
Richards1, Vanessa A. Leone1; 1University of Wisconsin, 
Department of Animal & Dairy Science, Madison, Wisconsin, 
United States; 2Zagazig University, Department of Nutrition 
and Clinical Nutrition, Zagazig, Egypt; 3University of 
Wisconsin, Department of Nutritional Sciences, Madison, 
Wisconsin, United States; 4University of Wisconsin, 
Department of Food Science, Madison, Wisconsin, United 
States; 5Cellulose Sciences International, Madison, 
Wisconsin, United States. 
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Nutritional needs of broilers account for ~70% of production 
costs. Feed ingredient prices are rising globally; low-cost 
strategies to improve performance are needed. 
Phytochemicals, i.e., ferulic acid (FA), extracted from seed 
crop-derived lingocellulosic agricultural residues are 
potential health-promoting feed additives. We hypothesized 
that feeding a ferulic acid (FA)-rich corn extract (CE) vs. pure 
FA could enhance broiler growth performance, carcass 
traits, intestinal histomorphology, plasma lipids, and hepatic 
inflammatory and redox transcriptional profiles. A total of 300 
day(d)-old Ross-708 males were randomly assigned to one 
of three corn-soy dietary treatments (20 battery 
pens/treatment; 5 chicks/pen [d 0-21] followed by 3 floor 
pens/treatment; 10 birds/pen [d 21-42]) including: 1) no 
additive (Control); 2) 100ppm FA (FA); or 3) 100ppm of FA 
equivalents from CE (determined by the Folin-Ciocalteu 
method; [CE]). Blood, liver, and intestine (n=10/treatment) 
were collected at d 21 and d 42. Data were analyzed by one-
way ANOVA. The experimental diets had no significant 
effect (P>0.05) on growth performance from d 0-21; 
however, from d 21-42, FA inclusion increased (P<0.05) 
body weight gain as compared to CE. No significant 
differences were detected across groups (P>0.05) in 
dressing percentages of tissues harvested at d 21. However, 
CE increased (P<0.05) d 42 intestinal weights vs. Control 
and FA. At d 21, FA inclusion increased (P<0.05) jejunal villi 
length (VL) as compared to CE; however, at d 42, jejunal villi 
width (VW), ileal VW, and duodenal VL decreased (P<0.05) 
in both CE and FA supplemented birds, respectively, as 
compared to Control. At d 21, plasma lipid profiles were not 
different (P>0.05) across groups; however, at d 42, both FA 
and CE decreased (P<0.05) total cholesterol compared to 
Control. FA increased (P<0.05) hepatic antioxidant gene 
expression, including glutathione peroxidase 1 (vs. CE, d 
21), glutathione reductase (vs. Control and CE, d 21), 
and glutathione S-transferase (vs. Control, d 42). FA 
increased (P<0.05) d 42 interleukin (IL)-6 and 10 expression 
vs. Control and CE, with increased interferon-gamma vs. 
Control. We show FA improved body weight gain relative to 
CE, yet CE increased d 42 intestinal weights despite an 
observed decrease in jejunal VL and VW. Similarly, FA 
decreased duodenal VL and ileal VW; however, we noted 
FA enhanced hepatic redox gene expression with 
corresponding shifts in cytokine gene expression. Both FA 
and CE appeared to drive a hypocholesterolemic effect 
relative to Control. While CE did not appear to elicit a 
negative impact on bird performance, future studies should 
test whether higher inclusion rates could enhance 
production outcomes. 

267 The addition of an essential oil blend to all diet 
phases increases gain and improves feed efficiency in 

broiler chickens Lauren C. Dawson*1, Stephanie Torrey1, 
Leslie McKnight1; 1Trouw Nutrition, Puslinch, Ontario, 
Canada. 

With the move away from the use of antibiotic growth 
promoters in poultry production, there has been increased 
interest in the benefits of phytogenic feed additives (i.e. 
compounds derived from plants, such as essential oils 
[EOs]). In broilers, EOs have been shown to increase gain 
and improve feed conversion, with performance at times 
exceeding that of birds fed a diet with antibiotics, suggesting 
that EOs may act as natural growth promoters. This study 
aimed to identify the optimal application of a feed additive 
comprised of a blend of EOs (Selko® Synerco, provided at 
250 g/mt), with respect to maximizing broiler health and 
performance. The trial used a randomized complete block 
design with four dietary treatments fed on a pen-basis in a 
three-phase feeding program: 1) CON: control, a 
commercial corn and wheat-based diet with an ionophore 
but without antibiotics; 2) SYN-123: CON plus 
Selko® Synerco in all dietary phases (d1–35); 3) SYN-23: 
CON plus Selko® Synerco in phases 2 and 3 (d15–35); 
4) SYN-1: CON plus Selko® Synerco in phase 1 (d1–14). A 
total of 1,632 group-penned, mixed-sex Ross 308 broilers 
were used, with 408 broilers and 12 replicates (pens) per 
treatment; pens were split across two rooms (6 
pens/treatment/room). Data were analyzed using a 
generalized linear mixed model, with treatment as a fixed 
effect, and block within room as a random effect. Cumulative 
mortality was 3.3% and did not differ across treatment 
groups (P>0.10). On d35, birds fed SYN-123 were 6.8% 
heavier than CON (+139 g; P<0.01) and 5.1% heavier than 
SYN-23 (104 g; P<0.01) but had a similar body weight as 
those fed SYN-S (2177 vs. 2146 g; P=0.35). Birds fed SYN-
123 also had a greater d1–35 ADG than CON (+4.1g/d; 
P<0.01) and SYN-23 (+3.1 g/d; P<0.01) but did not differ 
from SYN-1 (64.0 vs. 63.1 g/d; P=0.35). Birds from all 
treatments consumed similar quantities of feed (all P>0.10). 
Consequently, SYN-123 birds had a lower cumulative FCR 
than CON, SYN-23 and SYN-1 birds (1.50 vs. 1.55–1.56; all 
P<0.04). As such, the inclusion of an EO blend led to the 
best productive performance when it was provided 
throughout the whole production period. Additionally, 
Selko® Synerco offered some performance benefits when 
only provided during the starter phase, suggesting that early 
inclusion is a key factor that is essential for long-term 
performance improvements. 

268 Not Presented. 
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269 Maximizing broiler potential through increased 
starter complete feed particle size: considerations of 
bird beak capacity, preference, and impact on overall 
performance. Kelley G. Wamsley*1; 1Mississippi State 
University, Mississippi State, Mississippi, United States. 

Within the past decade, our lab has conducted a series of 
broiler feed form research trials in attempt to establish the 
optimal complete feed particle size/feed form for each 
phase. This began with a study conducted to determine if 
broilers needed a consistent feed form or if investment in 
feed quality during a specific phase (starter, grower, or 
finisher) could provide an economically feasible way to 
maximize genetic potential. These data demonstrated that 
FF within the starter and finisher phases interactively 
affected 46 d performance and processing; thus, directing 
our research focus to begin at the starter phase in attempt to 
establish the optimal performance within each phase. This 
led to two studies focused on 0-14 d performance, which 
ultimately demonstrated that BW and BW gain was 
maximized when feeding crumbles of an average particle 
size of ≥1785 µm. An additional study was then conducted 
with two commercial broiler genetics fed varying feed forms 
and feed qualities, determining that feeding up to 3411 µm 
from 0-18 d had no negative performance impact from 0-18 
d. Continuing the growout of these birds by subsequently 
feeding a common pelleted diet to 62 d performance also 
had no negative performance effects. A final study was 
conducted to determine broiler starter feed preference within 
the starter period and determining if bird beak size limited 
their feed particle size preference. On average, broiler feed 
particle size consumed ranged from 1600-2600 µm from 0-
14 d. While beak capacity measurements were associated 
with BW, they did not seem to influence feed particle size 
consumed (or preference). Moreover, feeding a common 
pelleted diet from 14-61 d demonstrated no negative 
carryover effects for performance or processing metrics. 
Cumulatively, these five studies demonstrate the potential to 
maximize modern broiler performance through increased 
starter complete feed particle size. Additionally, beak 
capacity of today’s commercial broiler strains likely does not 
impact feed particle size preference, considering the range 
of feed produced at commercial broiler feed mills. Ultimately, 
these data support poultry integrators manufacturing larger 
crumble particle sizes to optimize production costs and 
maximize profit. 

270 Effects of feed form, mean particle size of the 
soybean meal, and inclusion of fiber in the diet on 
growth performance, nutrients retention, and 
gastrointestinal tract traits of broilers from 0 to 42 days 
of age. H. Kadardar1, L. Aguirre1, G. Talegón1, J. Ben 
Mabrouk1, N. L. Corrales1, Gonzalo Mateos*1; 1Universidad 
Politécnica de Madrid, Madrid, Spain. 

The objective of the experiment was to study the effects of 
feed form, mean particle size (MPS) of the soybean meal 
(SBM), and the inclusion of extra fiber into low fiber diets on 
growth performance, total tract apparent retention (TTAR) of 
nutrients, and gastrointestinal tract (GIT) development in 
broilers from 0 to 42 d of age. The experimental design was 
completely randomized with 12 treatments organized as a 2 
× 2 × 3 factorial, with feed form (mash vs. pellet), MPS of the 

SBM [coarse (1,385 µm) vs. micronized (170 µm)], and fiber 
inclusion [0 vs. 3% oat hulls (OH) or soy hulls (SH)] as main 
effects. The 2 control diets of each of the 2 feeding phases 
(0 to 21 and 22 to 42 d of age) were based on broken rice 
and SBM (either coarse or micronized). The experimental 
diets resulted from the dilution (wt:wt) of the control diets with 
3% OH or SH. Each treatment was replicated 4 times and 
the experimental unit was a pen with 20 chicks. Body weight 
gain and feed disappearance were measured at 7, 21, and 
42 d of age and TTAR of the nutrients and AMEn of the diets 
were determined at 21 d of age. In addition, the development 
of the proventriculus and gizzard was studied in 2 broilers 
per replicate at 21 and 42 d of age. Data were analyzed as 
a completely randomized design with feed form, MPS of the 
SBM, and fiber source as main effects, using the MIXED 
procedure of SAS. Cumulatively, broilers fed pellets had 
higher FI and BW gain and better FCR (P<0.001) than 
broilers fed mash. An interaction (P<0.001) between feed 
form and MPS of the SBM was detected: feeding micronized 
SBM reduced FI and BW gain in broilers fed diets in mash 
form but no differences were detected in broilers fed pelleted 
diets. Soybean meal micronization decreased FI but 
improved FCR (P<0.01). Fiber inclusion did not affect FI or 
BW gain but improved energy conversion ratio (P<0.05). 
Dietary treatment did not affect TTAR of the nutrients at 21 
d of age. The TTAR of DM and OM increased with fiber 
inclusion but the benefits were greater with pelleted than with 
mash diets (P<0.01 for the interaction). Mash feeding and 
fiber inclusion increased the relative weight (% BW) and 
reduced the pH of the gizzard at both ages (P<0.05). In 
summary, pelleting improved broiler performance from 0 to 
42 d of age but reduced gizzard development in broilers at 
both ages. Soybean meal micronization improved FCR in 
pelleted or mash diets but reduced FI and BW gain in broilers 
fed mash but not in broilers fed pellets from 0 to 42 d of age. 
Fiber inclusion improved gizzard development at 21 d and 
42 d of age, an effect that was more pronounced with OH 
than with SH inclusion. 

271 Use of short and medium chain fatty acid 
glycerides in 35-d broiler production. Rob Shirley*1, 
Haitham Yakout2, Reed Dillard4, Martha E. Freeman4, 
Coleman J. Hatmaker4, Ariel Bergeron3, Adam J. 
Davis4 ;1Adisseo USA, Inc., Woodstock, Illinois, United 
States; 2Adisseo, Raleigh, North Carolina, United States; 
3Adisseo USA, Alpharetta, Georgia, United States; 
4University of Georgia, Poultry Science, Athens, Georgia, 
United States. 

As alternatives to antibiotics and ionophores, the following 
trial was conducted to determine the efficacy of short and 
medium fatty acid glyceride esters in 0 to 35 d broilers. Three 
commercial blends were evaluated: Blend A (α mono-, di- 
and triglycerides of Butyric, Caprylic, Capric, Lauric, Myristic, 
and Citric acids), Blend B (α mono-, di- and triglycerides of 
Butyric, Propionic Caprylic, and Capric acids), and Blend 
C (α mono-, di- and triglycerides of Lauric acid). Using a 
three-phase grow out (Starter: 0-10 d; Grower: 10-21 d; 
Finisher: 21-35 d), the eight treatments (Trt; 12 replicate 
pens/ Trt; 23 male Cobb 500 broilers/ replicate) consisted of: 
1. Control (no antibiotics or ionophores), 2. As 1 + Blend A 
at 0.1% across all three phases, 3. As 1 + Blend A at 0.05% 
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across all three phases, 4. As 1 + Blend A at 0.1%, 0.075% 
and 0.0.05%, 5. As 1 + Blend B at 0.1% across all three 
phases, 6. As 1 + Blend B at 0.1%, 0.075% and 0.0.05%, 7. 
As 1 + Blend C at 0.1% across all three phases, and 8. As 1 
+ Blend C at 0.1%, 0.075%, and 0.0.05%. Broilers were 
grown on mixed, used litter to provide an equally defined 
cocci profile for all the pens, and litter was wetted before bird 
placement to stimulate oocyte sporulation. In the starter 
phase, Trts 7 and 8 had the lowest BW, BWG, and, on 
average, ~ 3.5 pts. higher FCR (P ≤ 0.05). Transitioning, this 
effect continued through the grower phase; however, 
differences in FCR amongst the other 6 Trts were observed, 
with Trt 5 having the best FCR (1.279), followed by Trt 3 
(1.300; P ≤ 0.05). From 0 to 35 d, there were no differences 
in BW or BWG, and statistical differences amongst Trts for 
FCR became less apparent. That being the case, Trt 5 
maintained the lowest FCR (1.429) and Trt 7 had the highest 
FCR (1.452; P ≤ 0.05). These data indicate that while there 
are clear benefits of certain short- and medium-chain fatty 
acid glycerides, they need to be strategically utilized in 
broiler feed to have a positive effect on bird performance. 

272 Prediction of the apparent metabolizable energy 
of soybean meal based on a rooster model. Mickaël 
Crinière1, Cécile Picart1, Milan Hruby*2, Claire 
Launay3; 1ADM Animal Nutrition, Saint Nolff, France; 2ADM 
Animal Nutrition, Decatur, Illinois, United States; 3ADM 
Animal Nutrition, Château-Thierry, France. 

Several digestibility studies were conducted with roosters to 
evaluate apparent metabolizable energy (AMEn) of 36 
soybean meal (SBM) samples collected globally between 
2008 and 2020 to support more reliable prediction of SBM 
nutritive value while formulating. The studies were 
conducted with 36 intact roosters to evaluate energy, 
apparent fat and organic matter digestibility (dFAT; dOM) 
and 36 cecectomized roosters for apparent ileal crude 
protein digestibility (dCP). For each SBM, wet chemical 
composition was known, especially moisture, crude protein 
(CP), fat (FAT), crude fiber (CF), ash and nitrogen solubility 
in KOH (NKOH), a processing quality criterion. The SBM 
origins were mainly from South and North America, and 
India. The average AMEn value was 2602 kcal/kg as fed (n: 
36; SD: 199 kcal; min: 2209 kcal; max: 2923 kcal). This is 
higher in comparison to main tables (WPSA, 1989; 
Rostagno, 2017; CVB, 2021) and our previous data obtained 
prior to 2008. To predict AMEn, we used a factorial equation 
corresponding to the sum of the energetic contribution of 
each digestible fraction: CP, FAT and carbohydrates (CHO). 
The digestible fraction was calculated by multiplying the 
content of the fraction by its digestibility. The digestibility of 
carbohydrates (dCHO) was calculated from dOM, dCP and 
dFAT. For SBM AMEn, the main contributor is the digestible 
protein (about 75%). The average dCP value was 89.8 % (n: 
27; SD: 1.7; min: 86.2%; max: 93.1%). The dCP data were 
subject to two factors ANOVA (linear for CF and quadratic 
for NKOH). The dCP was correlated to CF and NKOH (n: 17; 
R2: 0.77; SE: 0.8; P < 0.01). The CF affected negatively dCP. 
According to our model, SBMs with higher CF content have 
a reduced protein digestibility by up to 2.0%. The lower 
(overprocessing) and the higher (underprocessing) NKOH 
values reduce dCP as well. Overprocessing can reduce 
protein digestibility by up to 5% (i.e. 100 kcal/kg). These data 
confirm that the best dCP was obtained with a NKOH range 
between 75 and 85% N. The average dFAT value was 

79.8% (n: 33; SD: 16.9). The average dOM value was 63.1 
% (n: 14; SD: 4.4). The higher the proportion of crude fiber 
in carbohydrates, the lower dCHO. The use of these three 
predictive digestibility coefficients makes it possible to 
reduce the variability of the prediction of SBM AMEn (n: 26; 
MSE: 161 kcal). In a factorial approach, digestible protein is 
the main contributor to SBM AMEn and it can be predicted 
accurately by CP, CF and NKOH solubility or other 
processing quality criteria such as protein dispersibility 
index. These data are easily analyzable by wet chemistry or 
NIRS. Further studies could evaluate digestibility of 
carbohydrates to improve the current SBM AMEn prediction. 

273 Determination of TMEn, standardized amino acid 
digestibility, phosphorus digestibility, and phosphorus 
bioavailability in conventional and reduced phosphorus 
distillers dried grains with solubles. Benjamin Parsons*1, 
Pam Utterback1, Ankita Juneja2, Vijay Singh2, Carl Parsons1, 
Jason Emmert1; 1University of Illinois at Urbana-Champaign, 
Animal Sciences, Urbana, Illinois, United States; 2University 
of Illinois at Urbana-Champaign, Agricultural and Biological 
Engineering, Urbana, Illinois, United States. 

The TMEn, amino acid (AA) digestibility, and P availability in 
2 conventional corn distillers dried grains with solubles (C-
DDGS1 and 2; 0.86 to 1.14% P, DM basis) and reduced 
phosphorus DDGS (RP-DDGS; 0.39% P) were evaluated. 
The TMEn and standardized AA digestibility in C-DDGS1 
and RP-DDGS were determined in Experiments 1 and 2 
using conventional and cecectomized Leghorn roosters, 
respectively. Roosters were fasted for 26 h prior to crop 
intubation with 25 g of sample and excreta were collected for 
48 h. Apparent ileal digestibility (AID) of P at different Ca 
levels was determined using precision-fed (crop intubation) 
chicks in Experiments 3 and 4. Chicks were fasted overnight 
prior to crop intubation on d 21 with 7 g of sample. In 
Experiment 3, C-DDGS1 and RP-DDGS were fed as a single 
ingredient or in a mixture to achieve 1% dietary Ca. In 
Experiment 4, dietary treatments consisted of feeding C-
DDGS2 as a single ingredient or in a mixture with limestone 
to achieve a Ca:total P ratio of 1.3. The AID of P in C-DDGS2 
was evaluated in Experiment 5 with ad libitum-fed chicks. 
Diets were fed from 18 to 21 d-of-age. Dietary treatments 
were semi-purified diets containing 30% C-DDGS2, which 
was the sole source of P, and limestone was added to 
achieve a Ca:total P ratio of 1.3 or 2.5. Phosphorus 
bioavailability in C-DDGS2 relative to KH2PO4 based on tibia 
bone ash was determined in Experiment 6. From 7 to 21 d-
of-age, P-deficient corn-soybean meal diets supplemented 
with 0.05 and 1.00% P from KH2PO4 or 7 and 14% C-
DDGS2 were fed. All experiments contained 4 to 5 replicates 
(individual rooster or pen of 5 or 6 chicks) per treatment. 
Data were analyzed using a one-way ANOVA and 
regression analyses were performed in Experiment 6; the 
probability level was P < 0.05. In Experiment 1, TMEn of C-
DDGS1 and RP-DDGS was 3,428 and 2,840 kcal/kg, 
respectively (DM basis). In Experiment 2, there were no 
differences (P > 0.05) in AA digestibility between C-DDGS1 
and RP-DDGS. In Experiment 3 with precision-fed chicks, 
AID of P in C-DDGS1 and RP-DDGS was 81 and 59%, 
respectively (P < 0.05). The AID of P in precision-fed chicks 
for C-DDGS2 in Experiment 4 was 48 and 80% at 1.3 and 
0.3 Ca:total P ratios, respectively (P < 0.05). In Experiment 
5, AID of P in C-DDGS2 at Ca:total P ratios of 1.3 and 2.5 
was 63 and 42%, respectively (P < 0.05), in ad libitum-fed 
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chicks. Regression of bone ash content (mg/tibia) on 
supplemental P intake in Experiment 6 yielded a P 
bioavailability of 61% for C-DDGS2 relative to KH2PO4. In 
conclusion, total and digestible P content in RP-DDGS was 
greatly reduced compared with C-DDGS, and digestibility 
and bioavailability of P in C-DDGS were affected by type of 
experimental assay and dietary Ca level. 

274 Prediction equations of energy and nutrient 
content and trypsin inhibitor activity in full-fat and 
solvent-extracted soybean meal from raw 
soybeans. Edgar O. Oviedo-Rondón*1, Nicolas Mejía-
Abaunza1, Paula A. Lozano-Cruz2, Valmiro Aragão-Netto1, 
Muhammad Ali1, Michael Joseph1; 1North Carolina State 
University, Prestage Department of Poultry Science, 
Raleigh, North Carolina, United States; 2North Carolina 
State University, Prestage Department of Poultry Science, 
Raleigh, North Carolina, United States. 

Nutrient and energy values in soybean meal (SBM) and full-
fat soybeans (FFS) can vary due to the raw soybean (RS) 
nutrient content influenced by genetics, plantation location, 
and agronomic conditions. This study aimed to develop 
prediction equations of nutrient and energy content in FFS 
and SBM based on RS nutrient composition determined by 
NIRS, a standard instrument available at RS processing 
plants to predict nutrient values. Soybeans harvested in 
North Carolina were sent to a crushing plant for SBM 
production. Samples of RS pre-processing and SBM post-
solvent extraction were collected during 16 d in Feb 2021 
and 45 d between Dec 2021 and Feb 2022 for a total of 732 
NIRS readings of RS or SBM (12 samples/sampling d). The 
12 RS groups for FFS production were obtained in a factorial 
experiment with two varieties planted in two periods and 
three NC locations. The RS were dried to 8-8.5% and dry-
extruded between 148-154.5oC in a single screw extruder, 
Insta-Pro-2000R. The 144 samples of RS and 144 of 
extruded FFS (12 samples/treatment combination) were 
collected on extrusion day. Samples of RS, SBM, or FFS 
were ground in a Retsch ZM200 mill to 0.5 mm and scanned 
in NIRS FOSS DS2500. Proximate composition, energy, 
amino acid (AA), and trypsin inhibitor activity (TIA mg/g) 
were determined using AMINONIR® (Evonik) calibration 
curves. The data were standardized to DM basis, and 
prediction equations were obtained using mixed-regression 
modeling analysis in JMP 16.0 using replicates per sample 
as a random effect. Positive correlations (P<0.001) were 
observed between RS and FFS or SBM for energy, nutrient, 
and TIA parameters. However, the AME had (P<0.05) weak 
(r < 0.10) correlations for both SBM and FFS and no 
(P>0.05) parameter estimates were obtained. The 
correlation coefficients (P<0.001) for SBM were weak (r < 
0.40) for all the nutrient contents and only (P<0.05) Val and 
TIA (Y = 0.502 + 0.061X; R2 = 0.85, RMSE = 0.305) were 
predicted from RS content. In contrast, correlations for FFS 
were strong for CP (r = 0.91), EE and fiber (r = 0.86), and 
total AA (r = 0.77 to 0.93) and weaker for TIA (r = 0.58) and 
NDF (r = 0.42). The CP (Y = 10.163 + 0.726X; R2 = 0.97, 
RMSE = 0.425), Lys (Y = 0.822 + 0.634X; R2 = 0.95, RMSE 
= 0.028), Met+Cys (Y = 0.801 + 0.306X; R2 = 0.85, RMSE = 
0.015), Val, Thr, Leu, and Ile (R2 between 0.96 and 0.98), 
and TIA (Y = -4.281 + 0.629X; R2 = 0.80, RMSE = 1.95) can 
be predicted (P<0.01) from its content in RS. In conclusion, 
the CP and total AA content of FFS, estimated by NIRS, can 
be predicted from RS nutrient content estimated by 

AMINONIR®. NIRS estimates of FFS and SBM TIA can be 
predicted from NIRS estimates of RS with moderate 
accuracy, but predictions in SBM were not accurate. 

275 Crop year and country of origin of the beans 
affect the chemical composition, amino acid profile, and 
protein quality of commercial soybean meals. N. L. 
Corrales*1, P. Vivanco1, L. Aguirre1, L. Cámara1, Gonzalo 
Mateos1; 1Universidad Politécnica de Madrid, Madrid, Spain. 

We studied the effects of harvesting year and country of 
origin of the beans on the chemical composition, amino acid 
(AA) profile, and protein quality indicators of commercial 
soybean meals (SBM). In total, 312 samples of SBM from 
Argentina (ARG; n = 98), Brazil (BRA; n = 109), and United 
States of America (USA; n = 105) were collected at random 
from 2016 to 2022 (n = 55, 62, 27, 51, 34, 46, and 37, in 
each consecutive year) in crushing plants and feed mills at 
different locations of the European Union by specialized 
personnel. All chemical analyses were conducted by wet 
chemistry, except AA that were determined by NIRS. The 
data were analyzed as a completely randomized design with 
21 treatments arranged as a 7 x 3 factorial with harvesting 
year and country of origin of the beans as main effects, using 
the MIXED procedure of SAS. The interactions between 
year crop and country of origin of the beans were significant 
for all the variables studied (P < 0.05) except EE. On 88% 
DM bases, harvest year affected all the variables on 
chemical composition and protein quality indicators of the 
SBM (P < 0.05). Independently of the country of origin of the 
beans, the average values per year for each variable ranged 
from 5.72 to 7.36% for sucrose, 45.9 to 47.3% for CP, 6.06 
to 6.13% for Lys profile (% CP), and 1.79 to 2.64 mg/g for 
TIA (P < 0.001). Independently of the year of harvest, the 
moisture content of the ARG meals was lower than that of 
the BRA and the USA meals (11.2 vs. 11.6 vs. 11.8%; P < 
0.01). BRA meals had more protein (47.3 vs. 46.1 vs. 46.1%) 
and raffinose (1.36 vs. 1.36 vs. 1.19%) but less sucrose 
(5.73 vs. 7.16 vs. 7.01%) and stachyose (4.22 vs. 4.64 vs. 
4.91%) than the ARG and USA meals (P < 0.001). However, 
no differences among soybean origins were detected for EE 
or NDF. The content and profile of the AA, varied with the 
country of origin of the beans. In this respect, Lys profile (% 
CP) was better for the USA meals than for ARG and BRA 
meals (6.13 vs. 6.10 vs. 6.07%; P < 0.001). All protein 
quality indicators, except UA, were higher for the USA than 
for the South American meals (P < 0.001). It is concluded 
that the chemical composition, AA profile, and protein quality 
indicators of the SBM vary with the harvest year and the 
country of origin of the meals. Consequently, feed mill 
managers should use different matrices to estimate the 
chemical composition and nutritive value of SBM of different 
origins, taking into account the inherent variability of its 
nutrient content due to these two variables. 

276 The digestible amino acid profile of soybean meal 
influences its productive energy (Arkansas Net Energy) 
value for broilers. Diego Martinez*1, Nawin Suesuttajit1, 
Cole Umberson1, Craig N. Coon1; 1University of Arkansas, 
Fayetteville, Arkansas, United States. 

Energy represents a major cost in feed formulation. 
Arkansas Net Energy (ArkNE) has shown soybean meal 
(SBM) provides more energy than reported with other 
energy systems. This study intended to develop a model to 
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predict Ark NE of SBM based on its content of digestible 
nutrients, including the essential to non-essential digestible 
amino acid ratio (AAR), compared to apparent metabolizable 
(AME, AMEn) and classic net (CNE) energy. Four 
experiments (E1 to E4) were conducted 1-56 d in floor pens 
with diets formulated following Cobb 500 guidelines. 
Pelleted treatment diets (five-phase feeding program) 
included SBM dilutions with cellulose (E1) or corn (E2) and 
graded levels of oil (E3) or total digestible amino acids (E4). 
Body composition (Dual Energy X-Ray Absorptiometry), 
heat production (calorimetry chambers), performance, and 
digestible nutrients of 60 test diets were assessed. The 
ArkNE value of SBM was determined by regression (E1), 
and the digestible nutrient profiles of 4 SBM were 
characterized (E1 to E4). A database was built up (n=646), 
and data were analyzed in JMP using mixed models. A 
multiple linear model was obtained (E1 to E4) applying a 
stratified random data-splitting with a refitting approach to 
predict SBM ArkNE considering digestible crude protein 
(dCP, %), digestible fat (dEE, %), digestible starch (dST, %), 
and age (d) as fixed predictors: ArkNE (kcal/kg) = –134.7 + 
81.09 dCP + 70.65 dEE + 36.7 dST – 13.76 age – 0.45 (age 
– 31.1548)2 (every predictor P<0.0001; adjR2 = 0.62). The 
model was validated. A coefficient to adjust the ArkNE for 
AAR was inferred from the model above and validated with 
a multiple linear mixed model that included AAR, dCP, and 
dEE as fixed predictors (AAR P=0.0178; E1 to E3; 96% 
accuracy). An AAR-optimized ArkNE model (ArkNEAAR; 
>92% accuracy) was obtained by combining the prediction 
model above and the correction factor: ArkNEAAR (kcal/kg) = 
ArkNE (0.95 AART/AARR + 0.05), being AART and AARR the 
AAR of the tested and a reference (AARR = 0.82) SBM, 
respectively. dCP% in SBM explained 95% of its ArkNE 
value. AME and AMEn were insensitive to dCP%, while CNE 
was less influenced by dCP% than ArkNE. Only ArkNE was 
consistently and positively correlated with AAR (P<0.0001), 
while AME and AMEn showed no consistent relationships. 
In contrast, CNE was negatively correlated with AAR 
(P=0.003). FCR and feed intake were correlated more with 
ArkNE than AME or CNE (>adjR2; < P value). In conclusion, 
the ArkNE value of SBM can be predicted based on its 
digestible nutrient content, credits its AAR, and is a better 
predictor of performance. 

277 Comparative growth performance and gut 
permeability responses of broiler chickens challenged 
or not with Eimeria oocysts and receiving low-protein 
soybean meal or high-protein soybean meal with wheat 
bran as an additional source of fiber. Shravani Veluri*1, 
Oluyinka Olukosi2; 1The University of Georgia, Poultry 
Science, Athens, Georgia, United States; 2University of 
Georgia, Poultry Science, Athens, Georgia, United States. 

Moderate inclusion of dietary fiber in broiler chicken diets 
may offer gut health benefits when such birds experience a 
mild coccidiosis challenge. We hypothesized that the 
inclusion of soyhulls (SH) to produce a low-protein soybean 
meal (LPSBM, 440 g/kg crude protein) would have a greater 
benefit than adding wheat bran (WB) to a high-protein 
soybean meal (HPSBM, 480 g/kg crude protein). In addition, 
it was hypothesized that enzyme inclusion to LPSBM or 
prebiotic supplementation to HPSBM would produce 
beneficial growth performance effects. A 42-day experiment 
was conducted to determine the effect of LPSBM vs. 
HPSBM in broiler chickens with mild coccidiosis challenge. 

A total of 1,200 Cobb 500 broilers were allocated to 10 
treatments arranged in a 5 (diets) × 2 (challenge) factorial, 
each with six replicates. The LPSBM was reconstituted by 
adding SH to HPSBM. Five corn-based diets of similar 
nutrient profile were formulated: D1: LPSBM, D2: HPSBM, 
D3: LPSBM+carbohydrase, D4: HPSBM+WB (50 g/kg WB), 
and D5: HPSBM+prebiotic. Diets were fed as starter (d0-11), 
grower (d11-28), and finisher (d28-42) phases. On d15, 
birds were either challenged with oral gavage of 1 ml mixture 
of E. maxima, E. tenella, and E. acervulina oocysts or with 1 
ml of tap water. Gut permeability was determined on 7 d 
post-challenge using FITC-d. Statistical analysis for growth 
performance before the disease challenge was done using 
one-way ANOVA. Data for the challenge and subsequent 
phases were analyzed as 5 2 factorial. There was no 
significant interaction between factors throughout the 
experiment. In the pre-challenge phase (d0-11), birds 
receiving LPSBM gained more weight (P < 0.01) than birds 
receiving all the other diets. During d0-28, there was a 
significant effect of challenge, where coccidiosis challenge 
decreased body weight gain (P < 0.01) and feed intake and 
increased FCR (P < 0.01). During the finisher phase, feed 
intake was lower (P < 0.01) for challenge group birds; 
however, there were no differences in weight gain or FCR 
between challenged and unchallenged birds. Serum FITC-d 
was greater (P < 0.01) for birds in the challenged group 
compared to the unchallenged, but there was no diet effect. 
In conclusion, starter broiler chicks receiving LPSBM had 
greater weight gain; and were numerically heavier at the end 
of the experiment in both challenged and unchallenged 
groups. Neither WB nor prebiotic inclusion to HPSBM nor 
enzyme supplementation to LPSBM had a significant effect 
on the performance of broilers under mild challenge 
conditions. Although birds in all treatments had 
compensatory growth following the coccidiosis challenge, it 
did not fully compensate for the loss in weight gain during 
the acute challenge. 

278 Potential use of guanidinoacetic acid to spare 
dietary energy and influence muscle myopathies in 
Ross 708 male broilers. Clay J. Maynard*1, David Nelson3, 
Samuel J. Rochell2, Casey M. Owens1; 1University of 
Arkansas, Center of Excellence in Poultry Science, 
Fayetteville, Arkansas, United States; 2Auburn University, 
Poultry Science, Auburn, Alabama, United States; 3Alzchem 
Group AG, Trostberg, Germany. 

An experiment was conducted to assess the potential for 
guanidinoacetic acid (GAA) to spare dietary energy and 
influence muscle myopathies when included in broiler diets. 
A total of 1,056 male Ross 708 broiler chicks were randomly 
assigned to 48 floor pens with 22 chicks per pen. Broilers 
were fed one of four experimental diets and reared to 50 
days of age. Dietary treatments consisted of a control (T1), 
T2 (T1 – 110 kcal/kg apparent MEn), T3 (T2 + 0.08% GAA), 
and T4 (T1 – 55 kcal/kg apparent MEn + 0.08% GAA). Bi-
weekly BW, BWG, FI, and mortality corrected FCR were 
calculated for the 49-day period. On day 50, 13 birds per pen 
were processed and deboned. Parts consisted of Pectoralis 
major and minor, whole legs, wings, and rack. Part weights 
were used to calculate relative yield in relation to final live 
weight. Following deboning, breast and tenders were 
collected and scored for the presence of myopathies and 
used to complete further meat quality analysis. Data were 
analyzed as a one-way ANOVA testing the main effect of 
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diet. Means were considered significant at P ≤ 0.05 and 
separated using a Tukey’s HSD test when significance was 
met. No differences (P > 0.05) were noted in BW, BWG, and 
FI. At 0-28 days, FCR was highest (P < 0.05) in broilers fed 
the T2 diet, followed by broilers fed T4, while broilers fed 
T3 were intermediate of T2 and T4, and broilers fed T1 the 
lowest. At 0-49 days, FCR was highest in broilers fed the 
T2 diet, lowest for broilers fed T1 and T4, while broilers fed 
T3 were intermediate. For processing, no differences (P > 
0.05) were noted in live, carcass, or most part 
characteristics. However, differences were present (P < 
0.05) in fat pad percentage as birds fed the T1 diet had a 
higher fat pad percentage than birds fed other diets. Broilers 
administered T4 and T3 had a higher leg yield (P < 0.05) than 
that of broilers fed the T2 diet, while broilers provided 
T1 were intermediate. No differences (P > 0.05) were noted 
in breast or tender myopathy severity or prevalence. Broilers 
fed T1 and T2 diets expressed a higher breast pH (P < 0.05) 
than birds fed T4, while broilers given the T3 diet were 
intermediate. Broilers fed T3 and T4 expressed lighter fillets 
(P < 0.05) than broilers given the remaining diets. No other 
differences were noted in meat quality characteristics (P > 
0.05). These results indicate that GAA may spare dietary 
energy. 

279 Chemical composition and nutritional value of 
raw soybeans from Brazil and USA arriving to European 
ports. G. Talegón*1, H. Kadardar1, R. Lázaro1, L. Aguirre1, 
L. Cámara1, Gonzalo Mateos1; 1Universidad Politécnica de 
Madrid, Madrid, Spain. 

The objective of this study was to compare the chemical 
composition and the quality of the protein and lipid fractions 
of raw soybeans from Brazil (BRA) and USA, at their arrival 
to European ports. In total, 41 representative samples (8 kg 
of each soybean) were collected at random from BRA (year 
2022; n = 28) and from USA (years 2022 and 2023; n = 7 
and 6, respectively). The samples were cleaned of foreign 
material (≈2%) and visually classified in the lab into high 
quality (HQ) and damaged beans. Both beans fractions were 
analyzed for main components (proximal analyses and 
carbohydrates), protein quality indicators [urease activity 
(UA), KOH solubility (KOH), protein dispersibility index 
(PDI), and trypsin inhibitor activity (TIA)], and oil quality (oleic 
acidity and peroxide value) in the same lab according to 
official methods. Data were analyzed as a completely 
randomized design with 4 treatments organized as a 2 × 2 
factorial with origin (USA vs. BRA) and quality (HQ vs. 
damaged) of the beans as main effects. The USA beans had 
lower percentage of damaged beans (6.90 vs. 9.57%; P < 
0.05) than BRA beans. The HQ fraction of the USA beans 
had more sucrose (6.19 vs. 4.86%; P < 0.01) and stachyose 
(3.58 vs. 2.64%; P < 0.01) and less EE (20.4 vs. 21.7%, P < 
0.05) but similar CP content (35.0 vs. 34.9%) than those of 
the BRA beans. Protein quality indicators of the HQ fraction 
varied with the country of origin of the beans, with UA (2.38 
vs. 2.08 Δ pH), PDI (62.3 vs. 54.6%), and TIA (27.7 vs. 25.8 
mg/g) being higher (P < 0.01) for the USA than for the BRA 
beans. Independently of the country of origin of the beans, 
HQ beans had less DM (89.1 vs. 89.7%) and CP (34.9 vs. 
36.5%) contents, and more sucrose (5.28 vs. 3.80%) and 
stachyose (2.94 vs. 1.63%) than damaged beans (P < 0.01). 
Also, PDI (57.0 vs. 41.3%; P < 0.001), KOH (90.4 vs. 84.9%; 
P < 0.001), and TIA (26.4 vs. 24.7 mg/g; P < 0.05) values 
were higher for the HQ beans than for the damaged beans 

whereas an opposite effect was observed for oleic acidity 
(1.79 vs. 5.88%) and peroxide index (1.67 vs. 4.76%) (P < 
0.001). Lys profile (6.25 vs. 5.89%) and the profile of 5 key 
AA [Lys, Met, Cys, Thr, and Trp (14.3 vs. 13.8%)] were 
measured in 8 samples of SBM chosen at random, were 
higher (P < 0.05) for the HQ than for the damaged beans. In 
summary, the percentage of damaged raw beans at arrival 
to European ports was lower in shipments from the USA than 
in shipments for BRA. Damaged beans had more CP 
(measured as N x 6.25) but less sucrose and poorer AA 
profile, and oil quality than the HQ beans. All these factors, 
related to the percentage and quality of the damaged beans, 
will affect the quality and nutritional value of the resulting 
SBM 

280 Productive energy (Arkansas Net Energy) is a 
better predictor of broiler feed intake and feed 
conversion ratio compared to metabolizable energy and 
classic net energy. Diego Martinez*1, Nawin Suesuttajit1, 
Cole Umberson1, Craig N. Coon1; 1University of Arkansas, 
Fayetteville, Arkansas, United States. 

Accurate prediction of feed intake (FI) and feed conversion 
ratio (FCR) is crucial for industry nutritionists. This study 
aimed to develop models to predict FI and FCR of broilers 
based on dietary Arkansas Net Energy (ArkNE), 
metabolizable (AME, AMEn), and classic net (CNE) energy 
values. Four experiments (E1 to E4) fed broilers a total of 60 
pelleted diets within 1-56 d (four experiments, five phases 
each, three treatments per phase) following Cobb 500 
guidelines. They included replacements of soybean meal 
with cellulose (E1) or corn (E2) and inclusion levels of oil 
(E3) or total digestible amino acids (E4). A total of 9600 birds 
were used (20 birds/pen, eight pens –the experimental unit– 
per treatment, three treatments per feeding phase, five 
phases assessed, four experiments). Body composition, 
heat production, and performance were assessed, and data 
analyzed in JMP (experiment = random factor) with a 
random data-splitting validation and refitting approach. 
Models were assessed (normality, homoscedasticity) and 
compared based on their precision (adjR2), error (RMSE), 
certainty (energy content P value), and consistency among 
experiments. The FI (g/bird/d) and FCR were natural log 
transformed (Ln) to reduce heteroscedasticity. ArkNE was 
the only system showing an inverse and consistent 
correlation with FI in all experiments (the higher the ArkNE, 
the lower the FI). The model to predict FI based on ArkNE 
(kcal/kg) as a predictor (P<0.001) was: Ln FI = – 2.77 – 
0.000097 ArkNE + 0.038 age – 0.00159 (age – 
31.1548)2 (adjR2=0.94). The FI was insensitive to the diet 
AME (P=0.377) or AMEn (P=0.427). The relationship 
between diet CNE and FI was not only inconsistent among 
studies but also positive in three of them and overall (the 
higher the CNE, the higher the FI). Models predicting FCR 
showed an equivalent pattern. ArkNE was the only system 
showing an inverse and consistent correlation with FCR 
among experiments. The model to predict FCR based on 
ArkNE as a predictor (P<0.001) was: Ln FCR = 0.6646 – 
0.000225 ArkNE + 0.0112 age (adjR2=0.81). The 
relationship between FCR and diet AME or AMEn was 
inconsistent (positive in two studies; negative in two). The 
relationship between diet CNE and FCR was not only 
inconsistent among studies but also positive in three of them 
and overall. Indeed, a single model to predict Ln FCR, 
including ArkNE, AME (or AMEn), CNE, and age as 
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predictors (adjR2=0.81; no multicollinearity among systems, 
VIF<4), showed a highly significant influence of the ArkNE 
(P<0.001) on the FCR but no influence of AME (P=0.768), 
AMEn (P=0.678), or CNE (P=0.662) on FCR. All models 
were validated. In conclusion, ArkNE was consistently a 
better predictor of FI and FCR than alternative energy 
systems. 

281 The interaction of dietary fat and ergot on broiler 
performance and ergot alkaloid disappearance. Zoe 
Cloutier1, Samantha E. McPhee1, Daalkhaijav Damiran1, 
Enkhjargal Darambazar1, Rex Newkirk1, Denise 
Beaulieu*1; 1University of Saskatchewan, Animal & Poultry 
Science, Saskatoon, Saskatchewan, Canada. 

The effects of dietary fat and increasing ergot alkaloid (EA) 
content of the diet on broiler performance and EA 
disappearance were investigated. A total of 336 mixed sex, 
Ross 308 broiler chicks (1d of age) were assigned to 1 of 14 
treatments arranged as a 2×7 factorial in a randomized 
complete block design with 3 birds per cage in 8 replicates 
for a 35d trial. Main effects were dietary fat (Low [LO] 3.2 
and High [HI] 5.2, [% as fed]) and EA (0, 3, 6, 9, 12, 15, 18 
ppm [(R)+(S) epimers], formulated as fed). Contaminated 
wheat screenings (870 ppm EA) were diluted to prepare 
seven 10× premixes which were added to the HI or LO diets. 
Six EAs [(R)+(S)], were quantified in the premixes using 
HPLC-MS/MS. Diets were fed in starter (d0-24) and finisher 
(d25-35) phases. Fecal samples were collected d28-30. 
EA’s cause vasoconstriction, and thus on d35 a 
thermocouple was used to determine toe temperature, 
followed by euthanasia and organ collection. Data were 
analyzed as a mixed model (SAS 9.4) using initial BW as a 
covariate. Average daily gain, ADFI and feed efficiency (G:F) 
were unaffected by EA content of the diet (P>0.10) and there 
were no fat ×EA interactions for performance measurements 
(P>0.10). Fat content of the diet had no effect on ADG (27 
g/d) or G:F (0.58) during the starter phase (P>0.25) 
however, birds consumed more of the LO starter diet than HI 
(LO 47.6, HI 46.0 g/24 d; P=0.02). During the finisher phase, 
birds fed the LO diet had improved ADG (LO 73.4 vs. HI 61.1 
g/d; P<0.01), FI (LO 70.6 vs. HI 66.7 g/10d; P<0.01) and G:F 
(LO 0.60 vs HI 0.54; P=0.02). EA had no effect on toe 
temperature (31.2 °C), or weight of gizzard (1.51), crop 
(0.30), duodenum (0.65), jejunum (1.13), ileum (0.69) or liver 
(2.3) expressed as % BW (P>0.1). Ceca (% BW) decreased 
with increasing EA (0.44% 0 ppm vs. 0.39% 18 ppm EA, 
P=0.04). Total EA disappearance decreased with increasing 
EA content of the diet in LO, but increased in HI (87.1, 89.9, 
80.6% LO; 85.7, 91.1, 91.6% HI, 0, 9, 18 ppm EA 
respectively; fat×EA, P<0.01). This trend was consistent for 
ergocornine, ergocristine, ergocryptine and ergotamine, 
however disappearance of ergometrine was apparently 
reduced in the 0 EA trt in LO (97.1, 98.5, 98.5%) while in HI, 
9 ppm was intermediate (97.1, 98.5, 98.5% LO; 97.3, 97.8, 
98.2% HI, 0. 9, 18 ppm EA, fat×EA, P=0.04). A similar 
pattern was observed for ergosine (90.5, 95.2, 93.0% LO; 
91.7, 95.2, 95.7% HI, 0, 9, 18 ppm EA; fat×EA P=0.05). 

Regardless of the alkaloid, (R) had greater % 
disappearance than (S) epimers (92.6 vs. 73.9%, P<0.01). 
Feeding broilers diets contaminated with 18 ppm EA had 
minimal effects on performance, regardless of dietary fat. 

282 Effects of changes in feed form at 21 d of age on 
growth performance and the development of the 
gastrointestinal tract of broilers from 1 to 40 days of 
age. J.L. Archs1, G. Talegón1, Emrah Gungor2, G. 
Fondevila1, R. Lázaro1, Gonzalo Mateos*1; 1Universidad 
Politécnica de Madrid, Madrid, Spain; 2Ondokuz Mayis 
University, Samsun, Turkey. 

This research studied the effect of changing feed form of the 
diet at 21 d of age, on growth performance and the 
development of the upper part of the gastrointestinal tract 
(GIT) in 3 broiler strains differing in growth potential from 0 
to 40 d of age. All the birds received the same feeding 
program depending on the treatments feed form was 
changed at 21 d of age. From 22 to 40 and 0 to 40 d of age, 
however, there were 12 treatments arranged as a 3 × 4 
factorial with the same 3 broilers strains [fast (A and B) and 
medium (C) growth rate] and 4 feed strategies that consisted 
in supplying the feed as mash (MM) or pellets (PP) 
continuously (0 to 40 d of age) or feeding pellets from 0 to 
21 d of age followed by mash (PM) or mash from 0 to 21 d 
of age followed by pellets (MP) with 6 replicates of 17 birds 
per treatment. Feed intake (FI), BW gain, FCR, and GIT 
development were determined by phase and cumulatively. 
Data were analyzed as a completely randomized design 
using the MIXED procedure of SAS, with broiler strain and 
feed form strategy as main effects. From 0 to 21 d of age, A 
and B broilers had better FI, BW gain, and FCR than C 
broilers (P < 0.001). BW uniformity (% CV) at 21 d of age 
was better for the A and C strains than for the B strain. Also 
in this period, broilers fed pellets had better BW gain, FCR, 
and BW uniformity than broilers fed mash. From 0 to 40 d of 
age, A and B strains had better FI, BW gain, and FCR than 
C stain (P < 0.001). Also, PP feed birds ate more feed, grew 
faster, and had better FCR (P < 0.001) than broilers from all 
the other groups. At 40 d of age, BW uniformity was not 
affected by treatment. Several interactions between broiler 
strain and feed form strategy on FI and BW gain were 
detected from 0 to 40 d of age: MP and PM broilers ate less 
feed and grew slowlier than MM and PP broilers but the 
differences were significant only for the B birds (P < 0.05, for 
the interaction). At 40 d of age, the gizzard and 
proventriculus were heavier (% BW) for the C strain than for 
the A and B strains (P<0.001). Also, the relative weight (% 
BW) of the empty crop and gizzard and of the full gizzard 
were heavier for the MM and PM broilers than for the PP and 
MP broilers at both ages (P<0.05). At 40 d of age, the lowest 
gizzard pH was for the MM broilers (P < 0.01). In conclusion, 
pellet feeding increased FI and improved BW gain and FCR 
of the birds but reduced GIT development. C broilers grew 
less than A and B broilers but had better development of the 
organs of the proximal part of the GIT 
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Microbiology and Food Safety II

283 Ex vivo assessment of the direct and indirect 
antimicrobial capacities of glycerides of lauric acid 
using gastrointestinal fluids. Nuria Vieco2, Tim 
Goossens*1, Virginie Michel1, Amine Mellouk1, Olga 
Lemâle1, Haitham Yakout3, Wanderley Quinteiro-Filho1, 
Jessika Consuegra1; 1Adisseo, Sint-Niklaas, Belgium; 
2Adisseo, Malicorne, France; 3Adisseo, Raleigh, North 
Carolina, United States. 

Alpha-monolaurin is an antimicrobial agent with a potent in 
vitro activity against gram-positive (G+) but less against 
gram-negative (G−) bacteria. To this reason, glycerides of 
lauric acid (C12G) are used as a feed additive to prevent 
intestinal infections, thereby enhancing animal resilience 
against pathogen challenges, and improving animal 
performance. Here, we aimed to evaluate the antimicrobial 
activity of C12G ex vivo, using fluids of the gastrointestinal 
tract (GIT) obtained from animals receiving a C12G-
supplemented diet. A total of 100 chicks were divided in two 
experimental groups, both receiving the same standard diet 
supplemented or not with C12G at 3 kg/ton. Contents from 
crop, ileum and caeca were sampled on day 28 and GIT 
fluids were extracted and filter-sterilized. Their antimicrobial 
capacity was assessed using Minimal Inhibitory 
Concentration (MIC) assays against Enterococcus 
faecalis (G+) and Escherichia coli APEC (G-). MIC values of 
samples from C12G-treated and control animals were 
compared with Student’s t-test. Differences were considered 
statistically significant P ≤ 0.05. MIC analyses showed that 
for all the GIT segments tested, fluids from animals receiving 
C12G have a significantly higher antimicrobial activity 
against E. faecalis. For example, the average concentration 
of ileal fluids required to inhibit bacterial growth was 15% in 
the samples from C12G-fed birds and 60% in the control 
samples. Significant antimicrobial activity against the G- E. 
coli APEC in the other hand, was restricted to the caeca. We 
therefore further analyzed the caecal contents, by 
performing microbiota analyses through 16s sequencing. 
Interestingly, we found a significant increase 
of Lactobacillacea relative abundance in the C12G-fed 
birds. Species of this family have been reported to limit 
pathogen intestinal colonization through to the production of 
lactic acid and other antimicrobial molecules such as 
bacteriocins and peptidoglycan hydrolases. Altogether, 
using ex vivo assessment of GIT fluids, we further 
characterized the potential in vivo antimicrobial activity of 
C12G. A higher antibacterial effect against the G+ E. 
faecalis was found throughout all tested GIT segments of 
birds supplemented with C12G. On the other hand, a 
stronger bacteriostatic effect against the G- E. coli was only 
found in the caeca of these animals. Further studies will be 
needed to evaluate whether this effect can be attributed to a 
shift in hindgut microbiota and metabolite composition. 

284 Developing processes and measures for the 
reduction of Campylobacter and Salmonella within the 
broiler slaughtering process. Anja Beterams*1, Julia 
Große-Kleimann2, Lothar Kreienbrock2, Niels Bandick1, Felix 
Reich1; 1German Federal Institute for Risk Assessment, 
Biological Safety, Berlin, Berlin, Germany; 2University for 
Veterinary Medicine, Hannover, Germany. 

According to the EFSA (2021), 
Campylobacter and Salmonella are zoonotic pathogens that 
are still occurring in broiler meat and therefore are relevant 
for the poultry industry. To counteract this, different methods 
for reducing the bacterial load of broiler carcasses are being 
developed as part of the "KontRed" research project. 
For physical decontamination methods, cold air and hot 
water treatment were tested on a pilot plant scale with 
varying parameter settings to reduce bacterial contamination 
of the broiler meat. The effect of these treatments on the 
bacterial load of carcasses was analyzed. Seventeen 
carcasses per group were treated with either cryogenically 
cooled cold air after pre-chilling or hot water after 
evisceration. The cold air treatment involved using a 
Freshline® SafeChillTM system (Air Products) to expose the 
carcasses to temperatures of -80 or -90 °C for 20, 30, or 40 
seconds in a slaughterhouse, where batches naturally 
contaminated with Campylobacter were selected. For the 
hot water trials, carcasses were inoculated around the 
cloaca with a fecal suspension 
containing Campylobacter and Salmonella (107 cfu/carcass
). Chickens were immersed in a water bath of 20, 75 or 80 
°C for 20-30 seconds. Whole-body rinse samples were 
analyzed for Campylobacter, Salmonella, Escherichia coli, 
and total colony count using the applicable ISO standards. 
The viability of Campylobacter cells was determined using 
PMA qPCR according to Stingl et al. (2021). Multifactorial 
analyses of variance were performed to investigate the 
influence of the different temperature and time settings on 
the bacterial load of the carcasses. As post-hoc-tests, 
multiple pairwise comparisons of means with Tukey 
correction were used, to examine the reduction effects of the 
individual settings. Hot water treatment on inoculated 
carcasses lowered Campylobacter or Salmonella 
contamination statistically significantly by about 1 
log10 (p=0.0114-0.0474), primarily at 80 °C, with no effect at 
20 °C. Cold air treatment reduced pathogens by 0.5 
log10 (p<0.001), particularly at -90 °C, on naturally 
contaminated carcasses. Overall, physical thermal reduction 
methods were identified to have an impact on reducing 
bacteria on broiler carcasses, even though sensory effects 
have to be considered. 

285 Medium-chain fatty acids reduce Salmonella 
Enteritidis in broiler chickens by reducing bacterial 
adhesion and invasion in the gut .David Hermans*1, 
Vincent Jacquier1, Dorien Vergaelen1, Jan Vervloesem1, Jan 
Vande Ginste1; 1Nutrition Sciences, Drongen, Belgium. 

Human salmonellosis is one of the most common zoonotic 
diseases worldwide. Contaminated poultry products serve 
as a significant risk factor to transmit Salmonella spp. to 
humans. Medium-chain fatty acids (MCFA) are known for 
their strong antibacterial properties. The objective of this 
study was to investigate the efficacy of a blend of MCFA 
against Salmonella colonization in broiler chickens. 
Fifty Ross 308 broiler chickens were randomly divided in two 
treatment groups, housed in two seperate floor pens and 
fed ad libitum with a standard commercial diet. Control 
chickens received un-supplemented feed, while feed of the 
treatment group was supplemented with 500 ppm of an 
MCFA blend (S-prove, Agrimprove) from D0. At D7 all 
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chickens were orally inoculated with 1600 CFU 
of Salmonella Enteritidis (SE). Cloacal swabs (D11) and 
liver and caeca (D12) were collected from each chicken. SE 
colonization was assessed by overnight incubation in MKttn 
broth at 37°C and re-isolation of the used SE strain on 
selective BGA agar. For bacterial enumeration, samples 
were 10-fold diluted in buffered pepton water and plated on 
selective BGA plates. For the in vitro test, the same SE 
strain was incubated at 37°C with the MCFA blend at 0.04% 
for 4h prior to inoculating confluent Caco-2 cells. After 50 min 
incubation at 37°C, adhesion capacity of the SE strain was 
assessed by lysing cells with sodium deoxycholate and 
plating 10-fold dilutions on BGA. To assess invasion 
capacity, gentamicin was added to kill extracellular bacteria. 
After 1 h incubation at 37°C, cells were lysed and 10-fold 
dilutions were plated on BGA plates. 
In vivo data was analyzed using SAS® Studio. SE diagnosis 
in swabs and organ samples was analyzed by a one-sided 
Fisher exact test. Enumeration data was analyzed by a linear 
regression model. In vitro data was analyzed in R applying a 
set of generalized linear models and Tukey's all-pair 
comparisons. Statistical significance was assessed at p ≤ 
0.05. MCFA-supplemented feed significantly (p = 0.044) 
reduced the number of SE-positive caecum samples 
compared to the control (36% vs 64%) and tended (p = 
0.053) to lower SE counts in cloacal swabs (log10 3.19 vs 
4.36 CFU/swab respectively). The amount of SE-positive 
liver samples (12% vs 28%) and their degree of SE 
colonization (mean log10 CFU/g liver contents of 4.61 vs 
5.59) were numerically (p = 0.140 and p = 0.190 
respectively) reduced. Pre-incubating Salmonella bacteria 
with MCFA significantly reduced adhesion to (p = 0.023) and 
invasion in (p < 0.001) Caco-2 cells, which may explain the 
observed reduction in SE colonization. Taken together, 
these results show that the tested MCFA blend could be a 
promising tool in the control of Salmonella in poultry. 

286 Internal organ colonization by Salmonella 
Enteritidis in layer pullets infected at two different ages 
during rearing in cage-free housing. Richard K. Gast*1, 
Deana R. Jones1, Rupa Guraya1, Javier S. Garcia1, Darrin 
M. Karcher2; 1USDA-ARS, US National Poultry Research 
Center, Athens, Georgia, United States; 2Purdue University, 
Department of Animal Sciences, West Lafayette, Indiana, 
United States. 

The poultry housing environment plays a significant role in 
the transmission and persistence of the egg-associated 
pathogen Salmonella Enteritidis in laying flocks. The 
commercial egg industry is in the midst of a transition toward 
cage-free housing, but the food safety ramifications of this 
shift are not yet certain. The present study assessed internal 
organ colonization by S. Enteritidis in layer pullets reared in 
cage-free housing and infected at two different ages. Groups 
of 280 pullets were transferred from the rearing facility (at 9 
wk of age in one trial and 15 wk in another) to a containment 
facility with 4 isolation rooms simulating commercial cage-
free barns with perches and nest boxes (70 birds/room). 24 
pullets in each room were orally inoculated with S. Enteritidis 
immediately after placement in the containment facility. At 1-
2 wk post-inoculation in each trial, samples of liver, spleen, 
and intestinal tract were collected from all birds in 2 rooms 
for bacteriologic culturing to detect S. Enteritidis. At 21-22 
wk of age, samples of spleen, ovary, and intestinal tract were 
similarly collected and tested from all birds in the remaining 

2 rooms. Among samples collected at 1-2 wk post-
inoculation, S. Enteritidis was isolated significantly more 
often (P < 0.05 in Fisher’s Exact Test) from groups of pullets 
infected initially at 15 wk of age than from those infected at 
9 wk (61% vs. 38% of livers, 59% vs. 31% of spleens, and 
84% vs. 57% of intestines). Among samples collected at 21-
22 wk of age, the frequency of recovery of S. Enteritidis was 
again significantly greater in birds infected at 15 wk of age 
than in those infected at 9 wk (16% vs. 6% of spleens, 59% 
vs. 1% of ovaries, and 26% vs. 10% of intestines). These 
data suggest that S. Enteritidis infections introduced into 
flocks during the later stages of pullet rearing have greater 
potential to persist into the early phase of egg production. 

287 Determination of environmental and genetic 
factors that contribute to Salmonella persistence in 
broiler litter. Adelumola Oladeinde*1, Michael J. Rothrock2, 
Charlene Jackson1, Mark Berrang1, Maggie Weinroth1, 
Anthony Pokoo-Aikins3, Anthony Glenn3, Scott Gold3, Torey 
Looft4, Crystal Wiersma5,6, Reed Woyda65, Zaid 
Abdo5,6; 1USDA-ARS, USNPRC-PMSPRU, Athens, 
Georgia, United States; 2USDA-ARS, USNPRC-EPPSRU, 
Athens, Georgia, United States; 3USDA ARS, Toxicology & 
Mycotoxin Research Unit, Watkinsville GA, Georgia, United 
States; 4USDA-ARS, National Animal Disease Center, 
Ames, Iowa, United States; 5Colorado State University, 
Program of Cell and Molecular Biology, Fort-Collins, 
Colorado, United States; 6Colorado State University, 
Department of Microbiology, Immunology and Pathology, 
Fort Collins, Colorado, United States. 

In this study, we investigated the prevalence 
of Salmonella in re-used litter collected from two integrated 
commercial broiler houses (house 1 and 2) over four 
consecutive flocks. Additionally, we determined the 
antimicrobial resistant phenotype and the genomic 
background of Salmonella isolates that persisted from flock 
to flock. For each litter sampling event (n =14 events), 72 
grab samples were collected from each house and 9 grab 
samples were pooled together. This resulted in 8 pooled litter 
grab samples per house for each sampling event and a total 
of 224 pooled litter samples for this study. Litter was 
collected before and after litter acidification with liquid 
aluminum sulfate (downtime period) and after bird 
placement (grow-out period). We found 
that Salmonella prevalence in litter significantly (P< 0.05) 
decreased during downtime (mean = 13%; range = 0 – 50%; 
n = 96 pooled litter grab samples) compared to during grow-
out (mean = 76%; range = 25 – 100%; n = 129 pooled litter 
grab samples). Furthermore, Salmonella serovar diversity 
differed between houses. In house 1, Salmonella Infantis (S. 
Infantis) was the dominant serovar (64.7%; n = 51) isolated 
from litter, while Salmonella Typhimurium (S. Typhimurium) 
represented 9.8% of Salmonella isolates. Contrastingly, S. 
Typhimurium was the major serovar found in house 2 
(60.3%; n = 58), while S. Infantis was 8.6%. All S. Infantis 
isolates were resistant to 5 – 7 antibiotics, while S. 
Typhimurium isolates were resistant to 2 - 3 antibiotics. 
Whole genome sequencing of Salmonella isolates revealed 
that serovar Infantis and Typhimurium harbored large extra 
chromosomal plasmids that carried genes predicted to 
confer antibiotic resistance, metal resistance, and virulence. 
These results suggest that the broiler house environment 
and the genomic background of Salmonella strains were 
drivers of Salmonella persistence in litter from flock to flock. 
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288 Role of darkling beetles (Alphitobius diaperinus) 
in spreading and maintaining Salmonella Enteritidis 
and Campylobacter jejuni in chicken flocks. Subarna 
Barua1, Matthew A. Bailey2, Kevin Zhong1, Nneka Iduu1, 
Teresa Dormitorio2, Ken Macklin3, Dianna Bourassa2, Stuart 
Price1, Ruediger Hauck2, James Krehling1, Steve Kitchens1, 
Constantinos Kyriakis1, Jeff Buhr4, Chengming Wang*1; 
1Auburn University, Pathobiology, Auburn, Alabama, United 
States; 2Auburn University, Poultry Science, Auburn, 
Alabama, United States; 3Mississippi State University, 
Poultry Science, Starkville, Mississippi, United States; 
4USDA-ARS, Athens, Georgia, United States. 

Salmonella and Campylobacter are common foodborne 
pathogens found in chickens, but the exact mechanisms of 
how these pathogens persist in the flocks are still not fully 
understood. The darkling beetles (Alphitobius diaperinus) is 
a resilient and abundant insect pest in housing poultry, and 
may play a role in spreading and maintaining pathogens. In 
this study, each SPF Leghorn chicken (n=50 in total for four 
groups) was inoculated with 108 Salmonella Enteritidis and 
108 C. jejuni via oral gavage, and chickened were housed in 
four BSL-2 rooms in containers with autoclaved bedding and 
200 beetles/each. Phase-I: the infected chickens remained 
in the containers for three weeks and were then euthanized 
while beetles and litter remained in the container (group-A); 
beetles were removed and litter remained in the container 
(group-B); beetles remained and litter was removed (group-
C); and beetles and litter were removed (group-D). Phase-II: 
after one-week, autoclaved bedding was added to 
containers in groups C and D and new SPF chickens (n=50 
in total) were introduced into four containers and kept for 
three weeks. Phase-III: all chickens were euthanized, and 
the litter and/or beetles remained in the containers for 
seventeen weeks. The fecal, litter and beetle samples were 
collected weekly for bacterial isolation and PCRs. In phase-
I, both pathogens were identified in all groups of chickens, 
beetles and litter except for the absence of Salmonella in 
group-B beetles. The positivity of Campylobacter (128/50 
chickens x 3 collections) was significantly higher 
than Salmonella (58/50 x 3) in feces (Chi- square, p<10-4), 
and the detection rate of Campylobacter was significantly 
higher in feces than in beetles (128/150 vs. 7/16, p<10-4). In 
phase-II, Salmonella was only detected in chickens of 
groups A & B, and in litter of groups B & C 
while Campylobacter was found in chickens of groups A, B, 
D, and litter of groups A, B and C. In phase-
III, Salmonella was identified in group-A beetle, and litter of 
groups A, B and C while Campylobacter was positive in litter 
of groups A & B. The positivity of both pathogens in litter was 
significantly higher than in feces in phase-II, and higher than 
in beetles in phases II & III (p<0.007). Salmonella was still 
detectable in beetles 69 days after the infected chickens 
were removed. Salmonella and Campylobacter were 
detectable up to 127 days (the end of the experiment) in litter 
after the infected chickens were removed. This study 
suggested that Salmonella and Campylobacter can be 
transmitted via beetles and litter to new flocks in successive 
rearing cycles, and there should be intensive control 
programs for exclusion of these insects during poultry litter 
management between flocks. 

289 Biomapping of a commercial broiler hatchery to 
assess salmonella prevalence and diversity. Michael J. 
Rothrock*1, Adelumola Oladeinde1, Jean Guard1, Osman 

Koyun1,2, Amy Siceloff3, Nikki Shariat3; 1USDA-ARS, 
USNPRC-EPPSRU, Athens, Georgia, United States; 2DOE-
ORISE, Athens, Georgia, United States; 3UGA, PDRC, 
Athens, Georgia, United States. 

Salmonella is an important zoonotic bacterial pathogen 
within the broiler production chain that impacts human 
health; therefore, management factors within the production 
chain that impact Salmonella ecology must be determined. 
Bio-mapping commercial broiler hatcheries with a specific 
focus on Salmonella prevalence and diversity based on 
sample type and facility area will help identify potential 
control points for Salmonella control in flocks before 
reaching production farms. We followed broiler eggs from 2 
breeder flocks within a commercial hatchery facility on two 
production days, and sampled 5 hatchery areas (egg 
inventory, pre-inovo set, post-inovo set, hatching, and 
transport) and from each area collected egg-related, air filter, 
water drain, and bait box samples (n=184 
samples). Salmonella isolates (n=48) were recovered was 
performed using the traditional dual enrichment culture 
method, serotyped, and characterized based on diversity 
(using CRISPR SeroSeq) and antibiotic resistance profiles 
(using CDC NARMS protocol). verall Salmonella prevalence 
was ~26% (48/184), with the highest prevalence observed in 
the hatch and transport areas (50% for both), as well as in 
water drain samples (56%). Salmonella serotypes were 
dominated by Kentucky, Gaminara, and Alachua (n=17, 12, 
11, respectively), with only 6 isolates (all coming from water-
related samples) identified as serotypes of greatest interest 
to human health according to the CDC (Enteritidis (n=3), 
Mbandaka (n=2), Senftenberg (n=1)). Data identified floor 
drains, specifically within the trucks that transport the newly 
hatched chicks to the live production farms, as a potential 
reservoir for Salmonella serotypes of specific concern to 
human health (Enteritidis, Mbandaka). By identifying 
potential control points within hatcheries, this data can help 
focus intervention efforts to reduce Salmonella loads 
reaching the live production farms, thus increasing the safety 
of the broiler food chain. 

290 Translocation of Salmonella from the gastro-
intestinal tract to internal organs of broilers. Jinquan 
Wang*1, Davis A. Fenster2, Sasikala Vaddu3, Sujitha 
Bhumanapalli4, Rami A. Dalloul5, Cortney Leone6, Manpreet 
Singh6, Harshavardhan Thippareddi7; 1University of 
Georgia, Poultry Science Department, Athens, Georgia, 
United States; 2University of Georgia, Poultry Science, 
Athens, Georgia, United States; 3University of Georgia, 
Department of Poultry Science, Athens, Georgia, United 
States; 4University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States; 5University of 
Georgia, Poultry Science, Athens, Georgia, United 
States; 6University of Georgia, Food Science and 
Technology, Athens, Georgia, United States; 7University of 
Georgia, Poultry Science, Athens, Georgia, United States. 

Translocation of Salmonella from the gastrointestinal tract to 
internal organs in broilers orally challenged with 
a Salmonella cocktail was evaluated. A total of 360 d-old 
chicks were placed into 18 floor pens of three treatment 
groups with six replicate pens each. On d 0, all birds were 
orally inoculated with a Salmonella cocktail (equal 
population of marked serovars; nalidixic acid-resistant S. 
Typhimurium, rifampicin-resistant S. Infantis, and 
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kanamycin-resistant S. Reading) to create three groups: low 
(L): ~2 log CFU/bird; medium (M): ~5 log CFU/bird; and high 
(H): ~8 log CFU/bird. On d 2, 7 and 35, four birds/pen were 
euthanized and ceca, liver, and spleen were collected 
aseptically in addition to four gizzard samples/pen collected 
on d 35. The Salmonella population (log CFU/g) were 
analyzed using ANOVA with PROC GLM in SAS. Means 
were separated using Tukey’s test (α=0.05). Logistic 
regression was used to quantify the translocation 
of Salmonella from the ceca to the liver and 
spleen. Salmonella populations in liver and spleen tissues 
were transformed to binary outcomes (positive and negative) 
and fitted in GLM function of R using 
cecal Salmonella concentration (log CFU/g) and inoculation 
dose (L, M, and H) as inputs. On d 2, a greater challenge 
dose linearly increased (p<0.05) 
cecal Salmonella colonization in L (6.75 log CFU/g), M (7.47 
log CFU/g) and H (8.50 log CFU/g) groups. However, on d 
7, M (7.44 log CFU/g) group had greater (p<0.05) cecal 
colonization compared to L (6.65 log CFU/g) and H (6.83 log 
CFU/g). Moreover, Salmonella colonization in liver and 
spleen quadratically increased with increasing inoculation 
dose on d 2 and 7. Salmonella colonization diminished 
(p<0.05) rapidly in the ceca, liver, and spleen over time, by 
d 35 (ceca: ca. 3.14 log CFU/g, liver, spleen, and gizzard: <1 
log CFU/g). The fitted logistic model showed a 1-log CFU/g 
increase in cecal Salmonella concentration results in an 
increase in relative risk of liver being Salmonella positive at 
4.02 times (P≤0.01). Meanwhile, broilers from H or M group 
had a lower risk (28 and 23%, respectively) for Salmonella-
positive livers compared to the L group when the 
cecal Salmonella concentration is the same (P≤0.05). The 
inoculation doses showed no effect on 
spleen Salmonella positivity (P>0.01), while 1-log CFU/g 
increase in cecal Salmonella concentration can cause an 
increase of the relative risk of spleen being positive at 3.20 
times (P≤0.001). In conclusion, all three inoculation doses 
were able to colonize and persist in broiler internal organs 
although the dose effect diminishes by d 35. Reducing 
cecal Salmonella load can significantly reduce systemic 
infection of Salmonella and translocation to the internal 
organs. 

291 Understanding Applied Campylobacter 
jejuni colonization in Broiler Chickens to Advance 
Experimental Design. Matthew K. Jones*1, Jennie Baxter1, 
Charles L. Hofacre1; 1Southern Poultry Research Group, 
Inc., Watkinsville, Georgia, United States. 

Campylobacter jejuni (CJ) is a leading cause of bacterial 
foodborne illness in humans in the United States. A major 
portion of these infections are associated with contaminated 
poultry products. CJ is adapted to chickens and colonizes in 
the intestine of broilers at relatively high levels. While strains 
have been identified which cause disease in birds, the 
majority of these Campylobacter strains are not pathogenic 
in birds. Understanding how the bacteria replicates under 
different circumstances is important for developing 
experimental protocols for pre-harvest interventions. To help 
guide experimental design, factors including moisture, bird 
density, and diet composition were assessed in male Ross 
broiler chickens at processing age. In the first pilot, broilers 
on fresh pine shavings with water added to the pen each day 
were compared to broilers offered a breeder ration and 
broilers on fresh pine shavings with no additional water. 

Each treatment was represented by a single floor pen 
containing 30 broiler chicks. All birds were gavaged 
with Campylobacter jejuni JB strain (0.1mL of 6.0 x 
106 CFU/mL) on day of test 21. Ceca were collected from 
five chickens in each group on DOT 35, 42, and 49. In the 
second pilot, CJ enumeration was evaluated depending on 
different stocking densities (1.3ft2/bird, 0.9ft2/bird, 
0.6ft2/bird). Ten percent of the broilers in each group were 
challenged with Campylobacter jejuni(1.0 x 105) on DOT 25. 
Five days later, ceca were collected 
for Campylobacter enumeration from two directly 
challenged and two indirectly exposed broilers in each 
group. Ceca samples for both studies were collected 
aseptically into sterile Whirl-Pak bags. After weighing the 
sample, 50mL of Bolten’s broth was added. Samples were 
struck directly to campy cefex agar at 10-fold dilutions. 
Colonies at each dilution were counted after 48 hours of 
incubation. In the first pilot, there were no clear trends in the 
data suggesting that one environment 
increased Campylobacter colonization in the ceca relative to 
other groups. At each time point for all treatments the ceca 
colonization of Campylobacter exceeded 106 CFU/g. 
Similarly, in the study evaluating broiler density all groups 
had mean Campylobacter colonization exceeding 
106 CFU/g. There were no distinct differences between the 
evaluated groups. Increased replicates are needed to 
confirm the outcomes statically but based on the 
observations in these studies Campylobacter colonized to a 
similar level in processing age broilers despite altering bird 
density, litter moisture, or major ingredients in the diet. 

292 Bile acid inhibition of Campylobacter 
jejuni growth is mediated by acid and oxidative 
stress. Ying Fu3, Tahrir Alenezi*2, Bilal Alrubaye3, Thamer 
Alanazi2, Hong Wang3, Xiaolun Sun1; 1University of 
Arkansas Division of Agriculture, Fayetteville, Arkansas, 
United States; 2University of Arkansas, Cell and Molecular 
Biology & Poultry Science, Fayetteville, Arkansas, United 
States; 3University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States. 

Campylobacter jejuni, a prevalent foodborne bacterial 
pathogen, colonizes chicken gut but not mouse intestine. 
The animals have different compositions of bile acids and 
microbiota. It remains elusive on the mechanism of the C. 
jejuni differential infectiveness between the animals. In this 
study, we hypothesized that C. jejuni infection inhibited by 
microbiota and its metabolized bile acids was mediated by 
acid and oxidative stress. To test this hypothesis, C. 
jejuni was cultured in filtered supernatant from mouse or 
chicken ileal microbiota cultured for 24 hr with 1.5 mM 
chenodeoxycholic acid (CDCA) or cholic acid (CA). C. 
jejuni was also inoculated for 24 hr in BHI broth at pH of 5, 
5.5, 5.75, 6, 6.5 and 7 under anaerobic or microaerobic 
condition. To prepare inoculum, C. jejuni was cultured 
on Campylobacter Enrichment plates supplemented with 
horse blood, ferrous sulfate, and five-antibiotic cocktail. C. 
jejuni was enumerated by PBS serial dilution and plating. 
Notably, C. jejuni was bright red when it was cultured on 
higher temperature horse blood plate, while dark red C. 
jejuni was grown on lower temperature blood plates. Bright 
red C. jejuni was more susceptible to acid (1.3 vs. 5.4 
CFU/ml at pH 5.75 in anaerobe) compared to dark red one. 
We then used the dark red C. jejuni in the following 
experiments because of its better resistance to stress. C. 
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jejuni growth at pH 5.5 was completely inhibited compared 
to pH 6.5 (0 vs 6.4 CFU/ml). At pH 5.75, C. jejuni growth was 
more inhibited under microaerobe compared to anaerobe (0 
vs. 5.4 CFU/ml), suggesting acid stress related to oxidative 
stress. The pH values of the supernatant of mouse or 
chicken microbiota cultured alone (m/chMB-metabolite) or 
with CDCA (CDCA-m/chMB-metabolite) or CA (CA-
m/chMB-metabolite) were 5.5 vs 6.4, 5.5 vs 6.4, and 7.1 vs 
6.3, respectively. C. jejuni was grown to 4.1, 0, 7.8, 5.6, 6.9, 
or 5.6 CFU/ml in mMB-metabolite, CA-mMB-metabolite, 
CDCA-mMB-metabolite, chMB-metabolite, CA-chMB-
metabolite, or CDCA-chMB-metabolite. In conclusion, CA 
derivatives from mouse microbiota metabolism inhibited C. 
jejuni growth through pH and oxidative stress and it would 
be important to elucidate the complex relationship among 
microbiota, C. jejuni growth, bile acids, and acid and 
oxidative stress. 

293 Effect of a Bacillus subtilis 29784 on Salmonella 
Heidelberg prevalence and liver invasion in broiler 
chickens. Wanderley Quinteiro-Filho*2, Naiara S. 
Fagundes2, Rafaela Berto1, Alberto Back1; 1Mercolab 
Laboratories, Cascavel, Brazil; 2Adisseo Latam, São Paulo, 
Brazil. 

Bacillus subtilis (BS) is an ideal multifunctional probiotic with 
great potential for preventing the growth of pathogenic 
bacteria, improving intestinal integrity, and enhancing 
performance. Three different trials were carried out to 
demonstrate the ability of a feed probiotic strain of BS to 
reduce Salmonella enterica serovar Heidelberg (SH) 
colonization in challenged broiler chickens. All trials had two 
treatments: PC: positive SH control; BS: commercial B. 
subtillis DSM29784 (Adisseo France S.A.S) with 1x108 CFU 
/500 g. Birds were challenged at 3 days of age with a SH 

strain (final concentration of 1.0 x 106 CFU/mL, dose of 0.5 
mL/bird) isolated from the broiler production; this SH strain 
was made resistant to antibiotics (nalidixic acid and 
novobiocin) to inhibit the microbiota contamination, allowing 
SH CFU counting. Cecal samples were prepared and 
seeded on brilliant green agar for counting colonies, and 
bacterial confirmation was made by biochemical and 
serological methods. Two different methods of challenge 
were used: 1) trial 1 and 3, Seeder method: oral gavage of 
20% of birds, which served as a seeder for the remaining 
birds; 2) Trial 2: oral gavage in all birds. A total of 380 one-
day-old mixed Cobb broilers were raised in the three 
different trials: trial 1: 50 birds/treatment; trial 2: 50 
birds/treatment; trial 3: 100 birds/treatment. In each trial, 
groups were housed in isolated and identical rooms located 
side by side with independent air inlets and outlets, and new 
wood-shavings litter. Water and diets were offered ad 
libitum. At 14 and 28 d of age, samples of ceca (and liver for 
trial 3) from 20 birds/treatment was individually collected. For 
statistical analyzes, cecal SH counts were transformed into 
log10 and evaluated by the t test, while data on liver SH 
invasion were subjected to the Chi-square test. In trail 1, 
birds from BS group had a reduction of the cecal SH counts 
of 1.079 (P<0.001) and 1.271 (P<0.001) log10 CFU/g at 14 
and 28 days of age, respectively. However, in trial 2, this 
reduction was observed only at 14 days of age (reduction of 
1.817 log10, P<0.001), indicating that the seeder method 
challenge may be more appropriate for evaluation of SH. In 
trial 3, BS did not reduce cecal SH counts at 14d, but it 
reduced by 0.995 log10 at 28d (P<0.001). Additionally, BS 
reduced the number of positive birds for SH in liver samples 
at 28d (P=0.006). Finally, the results demonstrated 
that Bacillus subtilis 29784 reduced 
the Salmonella Heidelberg colonization in broilers chickens. 
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Genetics and Molecular Biology

294 The Changing Landscape of Poultry 
Genetics. Janet Fulton*1; 1Hy-Line International, Research 
and Development, Dallas Center, Iowa, United States. 

A new era of Poultry Genetics was initiated 19 years ago 
(2004) when the first chicken genome sequence was 
released. At the same time 2.8 million single nucleotide 
variants (SNP) were identified from different breeds. These 
two resources combined with bioinformatic tools and data 
from other species allowed identification of chicken genes 
and variation within the chicken genome. As new 
sequencing technologies were developed, sequencing costs 
decreased and understanding of the chicken genome has 
been further improved. We now know the underlying causes 
of many of the phenotypes in different poultry breeds such 
as Crested and black skin, unusual variants found in 
laboratory strains (wingless, restricted ovulator), and 
variants utilized for commercial production (sex-linked 
feathering rate, naked neck). DNA-based tests have been 
developed for serologically defined alleles of multiple 
chicken blood systems, including the MHC. The 
identification of multiple endogenous retroviral inserts and 
the elimination of the genetic defect that results in fishy taint 
eggs are examples of the application of this information in 
commercial birds. This genome sequence has also provided 
the foundation of genomic selection whereby individuals with 
desirable breeding values can be selected at an early age, 
prior to expressing the phenotype, to enable more rapid 
progress in improved performance. This has been 
particularly valuable for the improvement of egg layers in 
which a trait (i.e., egg production or quality) can be 
measured in only one sex and only after many months of 
data collection. Genomic selection is now a major tool 
utilized by all major poultry breeding companies and is 
resulting in production animals with increased egg 
production and quality, greater feed efficiency, and improved 
meat production, health, welfare and behavior. Genotyping 
platforms that can simultaneously identify 600,000 SNP from 
one DNA sample are publicly available, allowing affordable 
and rapid genotyping for large numbers of birds. Similar tools 
are also available for other commercially relevant avian 
species including turkey and duck. Research efforts are now 
being directed to improving our understanding of the impact 
of genetic variation, including possible regulatory elements 
and epigenetic markers, on multiple traits. Traits that are 
difficult to measure or select for, such as disease resistance 
and animal behavior could be more efficiently improved once 
we identify the specific genetic variants involved. These 
variants can then be used as targets for gene-editing. There 
is no doubt that the landscape of poultry genetics will 
continue to evolve to enhance the sustainable production of 
high-quality protein for the world population. 

295 Characterization and expression analyses of 
chicken oncomodulin genes and association with 
breast myopathies in broilers. Byungwhi Kong*1, Majid 
Shakeri1, Janghan Choi1,2, Hong Zhuang1, Brian 
Bowker1; 1USDA-ARS, Athens, Georgia, United States; 
2University of Georgia, Poultry Science, Athens, Georgia, 
United States. 

Oncomodulins (OCMs), a.k.a. parvalbumins, are small 
molecules that bind calcium ions with high affinity. They 

serve as Ca2+ buffers and in signaling pathways in muscle 
and neuron cells. Oncomodulins in fish meat are known to 
be allergens that induce immune reactions in human. For 
chickens, three oncomodulin molecules have been 
described at the protein level and are named chicken 
oncomodulin 1 (OCM1), -3 (OCM3) and parvalbumin 
(PVALB). OCM1 and OCM3 are highly expressed in the 
thymus. OCM1 is homologous to mammalian oncomodulins 
while OCM3 is similar in amphibians and reptiles, but OCM3 
is absent in mammalian species. PVALB is known to be 
abundant in chicken skeletal muscle. A recent study showed 
that the expression of a newly assigned chicken 
oncomodulin 4 (OCM4) was decreased in early pathogenic 
woody breast muscle in broilers at 3 wks of age. A gene 
cluster for OCM1, -3, and -4 is in chromosome 4, while a 
single gene of PVALB is in chromosome 1. The 
Ca2+ signaling pathway is a potential candidate for inducing 
the onset of chicken breast myopathies. However, chicken 
OCMs have not been extensively studied in muscle tissues. 
In this study, we investigated the genetic specifications, 
tissue expressions, and differential expressions in chicken 
breast myopathies for OCM1, -3, -4 and PVALB. Chicken 
breast muscles were collected from control (n=6), woody 
breast (n=7), and woody/white striping (n=7) phenotypes at 
8 wks of age. RNAs were extracted, cDNAs were 
synthesized with reverse transcriptase, and conventional 
PCR and quantitative PCR (qPCR) were conducted for 
determining mRNA sequences/isoforms and for determining 
differential mRNA expression, respectively. Data analyses of 
qPCR were conducted using 2(-△△CT) method and t-test. 
OCM1 was not highly expressed in any of the tissues tested, 
which was incongruent with earlier findings. OCM3 was 
expressed in all tissues, but two isoforms were identified. An 
OCM3 isoform was found in thymus, thigh, and breast 
muscle, while the other isoform was found in liver, lung, 
heart, intestine, and kidney. OCM4 was barely expressed in 
thymus, thigh, and breast muscle. PVALB was highly 
expressed in all tissues examined. Results of qPCR showed 
that the expression of OCM3 was increased (4.4±0.7 fold; p 
value = 0.03) in woody breast muscle and increased even 
greater (8.5±0.6 fold; p value = 0.004) in woody/white 
striping muscles. The expression of PVALB showed no 
difference in woody breast muscle and was greater (4.6±0.7 
fold; p value = 0.054) in woody/white striping muscle, but not 
statistically significant. Results indicated that OCM3 and 
PVALB, but not OCM1 and -4, could be involved in the 
imbalance of Ca2+ buffers and signaling pathways in chicken 
breast myopathies. 

296 Stimulation of Health and Immune Response of 
Chickens Using Monochromatic Lighting During 
Incubation. Mohamed M.A. Ibrahim1,6, Mohammed H. 
Alabdali2, Mridula Gupta*1, Mustafa Cilkiz3,5, Nasser Al Haj 
Ali1, Travis Williams1, James Alfieri1, Ammar Abdullah4, 
Tallat Al-Alwani8, Jawad Al Juboori1, Giri Athrey1,7; 1Texas 
A&M University, Poultry Science, College Station, Texas, 
United States; 2Department of Medical laboratories 
Almusaib Tech. Institute. Al-Furat Al-Awsat Technical 
University, Babylon, Iraq; 3General Directorate of 
Agricultural Research and Policies, Ankara, 
Turkey; 4Department of Animal Science in Almusaib Tech. 
College. Al-Furat Al-Awsat Technical University, Babylon, 
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Iraq; 5Texas A&M University, Department of soil and crop 
sciences, College Station, Texas, United States; 6National 
Institute of Laser Enhanced Sciences, Cairo University,, 
Department of Laser Applications in Metrology, 
Photochemistry and Agriculture, Giza, Egypt; 7Texas A&M 
University, Faculty of Ecology and Evolutionary Biology, 
College Station, Texas, United States; 8College Of 
Veterinary Science, University of Baghdad, Department of 
Poultry Disease, Baghdad, Iraq. 

Lighting is a key management tool for managing poultry 
performance and welfare. Using in ovo lighting to improve 
immune performance holds excellent potential but hasn’t 
been thoroughly investigated. This study investigated the 
lung transcriptome profile of chick embryos to determine 
how monochromatic blue and white light exposure during 
incubation influences circadian rhythm development and 
immune responses in the context of Newcastle Disease 
Virus (NDV) challenge. In this study, we incubated 300 eggs 
under three light treatments. The control treatment 
incubated eggs in constant dark (0L:24D), whereas the blue 
(450nm) and white light (6500K) treatments exposed the 
chick's embryos to a 12-hour photoperiod (12L:12D) with an 
average of 250 lux at egg surface for the whole period of 
incubation. We challenged the candled live embryos with 
LaSota strain of NDV injected into the amniotic fluid on 
embryonic day18 (ED18) of incubation for 50% of the 
randomly-selected embryos. On ED19, we collected lung 
tissue from four embryos at 12h intervals in a circadian study 
of seven time-points and six treatments to assess the lung 
gene expression. The total RNA from each sample was 
extracted for library preparation. We sequenced 168 mRNA 
libraries on the Illumina platform. RNA sequences (RNASeq) 
subjected to adapter trimming, quality check, and alignment 
to the reference genome galgal6. We used the likelihood 
ratio test “glmLRT” function to test for significant differential 
expressed genes (DEGs) compared to the constant dark 
group at FDR<0.05 in EdgeR. DEGs revealed that non-
challenged chicks incubated in 12:12 LD photoperiods 
display robust circadian rhythm and are wavelength 
dependent. Under the blue light circadian entrainment, the 
most upregulated pathways were the circadian pathway, 
skeletal muscle development, and regulation of striated 
muscle contraction. White light treatment showed DEGs 
enriched for photo-acceleration processes with a role in 
enhanced cell proliferation, differentiation, rRNA processing, 
and ATP synthesis. In the NDV-challenged chicks, blue light 
showed significant stimulation of immune genes, Interferon 
Gamma (IFNG), Interferon Regulatory Factor 7 (IRF7), and 
Tumor Necrosis Factor (TNF), particularly those 
representing antiviral response. The challenged white light 
treatment showed upregulation of the T-cell development, 
suggesting a transition and optimizing of immune responses 
during development in chick embryos determined by gene 
ontology. In conclusion, the results indicate that lighting with 
specific spectra during incubation to stimulate immune 
responses against viral diseases can be a practical and 
economical approach to improve the immune response of 
poultry. 

297 Comparative analysis of microbiota in the ceca of 
broiler chickens with necrotic enteritis fed a commercial 
based corn diet or a diet based in a corn variety high in 
flavonoids (PennHFD1) .Katarzyna Miska*1, Monika 
Proszkowiec-Weglarz2, Vinicius Buiatte3, Mahmoud A. 

Mahmoud3, Surinder Chopra4, Tyler Lesko4, Mark C. 
Jenkins5, Alberto Gino Lorenzoni3; 1USDA/ARS, ABBL, 
Beltsville, Maryland, United States; 2USDA, ARS, ABBL, 
Beltsville, Maryland, United States; 3The Pennsylvania State 
University, Animal Science , University Park , Pennsylvania, 
United States; 4Penn State University, University Park, 
Pennsylvania, United States; 5USDA/ARS, APDL, Beltsville, 
Maryland, United States. 

The purpose of this study was to determine the microbiota 
changes in the luminal contents and mucosal scrapings in 
the ceca (CE-L and CE-M) of broiler chickens undergoing 
clinical necrotic enteritis (NE) co-infected with Eimeria 
maxima and Clostridium perfringens, fed a diet containing a 
flavonoid rich corn strain (PennHFD1) or commercial corn. 
Flavonoids have been shown to have anti-bacterial, 
immuno-modulatory, and anti-inflammatory activities. Four 
hundred straight run Ross 308 broilers were assigned to four 
experimental groups, uninfected birds eating commercial 
corn (CTL A), uninfected birds eating PennHFD1 (CTL B), 
infected birds eating commercial corn (INF A) and infected 
birds eating PennHFD1 (INF B). Twenty birds were assigned 
per pen with 5 replicates per treatment. On day 13 chicks 
were orally gavaged with 5,000 oocysts of E. maxima, on 
days 18 and 19, 1x109 CFUs of C. perfringens were added 
to the feed. Birds were euthanized at 21 days of age. The 
general linear model in Minitab 19 was used for statistical 
analysis of the performance parameters. Chickens fed 
PennHFD1 had improved body weight gain (P < 0.01), lower 
feed conversion ratio (P < 0.01) lower mortality rate (P = 
0.023), and lower incidence of intestinal lesions (P = 0.048). 
Following euthanasia, luminal contents (CE-L) and mucosal 
scrapings (CE-M) were collected and 16s rRNA was 
sequenced using Illumina technology. The alpha diversity 
(Shannon diversity index) in the infected (INF) chickens was 
lower in CE-L (P = 0.015). The beta diversity in CE-L and 
CE-M showed that bacterial communities from INF and 
CTRL birds were separated into distinct groups (IF versus 
CTRL) regardless of diet type (P < 0.001). Taxonomic 
changes showed a decrease in short chain fatty acid (SCFA) 
producing bacteria in IF birds. An increase in lactic acid 
producing bacteria, Escherichia coli, and Enterococcus 
cecorum was also observed in IF birds. Most of the 
microbiota changes were due to infection rather than diet. It 
is possible that the effect of increased flavonoids in the corn 
on the microbiota was overcome by the effect of NE, or that 
the positive effects of increased flavonoids in NE challenged 
birds are a result of mechanisms which do not involve 
microbial changes. The effects of high flavonoid corn on NE 
infections should be further investigated as a possible 
alternative to anti-microbials. 

298 Detection of Eimeria maxima sporozoite surface 
antigen mRNA in jejunal tissue following a mild 
challenge. Sydney Kinstler*1, Sara Cloft1, Eric 
Wong1; 1Virginia Tech, School of Animal Sciences, 
Blacksburg, Virginia, United States. 

Eimeria maxima causes lesions primarily in the jejunum and 
can predispose necrotic enteritis, which further damages the 
intestine costing the poultry industry billions of dollars 
annually. Due to the economic importance of coccidiosis, 
diagnosis of parasites in intestinal tissue is crucial for 
furthering research in vaccination and treatment. Previous 
research from our laboratory showed that E. 
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acervulina could be identified in duodenal tissue through 
quantitative PCR (qPCR) and in situ hybridization (ISH) of 
the E. acervulina sporozoite surface antigen gene (Ea-
SAG). The objective of this study was to apply the same 
approach to 14-day old broiler chickens challenged with 
1,000 Eimeria maxima oocysts. qPCR and ISH with an E. 
maxima sporozoite surface antigen gene (Em-SAG) were 
conducted on 7 days post-infection to localize E. 
maxima within jejunal tissue. The ISH staining was 
compared to hematoxylin and eosin (H&E) staining on serial 
sections. The Em-SAG mRNA was present in 4 out of 4 
infected chickens when assessed via qPCR. Due to absence 
of Em-SAG mRNA in uninfected samples, relative fold 
change values were not able to be calculated. Thus, 
statistical analysis was not able to be conducted so 
conclusions were limited to differences in raw cycle 
threshold values in qPCR and frequency statistics in ISH. 
When the Em-SAG ISH staining was compared to H&E 
stained serial sections, the ISH probe stained 15-45% of 
visible parasites and in some cases parasites that were 
barely visible (n = 3 chickens per group). There were no (0%) 
ISH signals visible on sections from uninfected chickens. 
Additionally, the ISH signal showed a different pattern 
compared to our previous Ea-SAG probe. Further 
development of Eimeria sp. gene probes could enable 
additional stage-specific surface antigen genes for 
classifying Eimeria spp. at different life stages to benefit 
researchers and veterinarians. 

299 Potential role of ribonucleotide reductase enzyme 
in mitochondria function and woody breast in broiler 
chickens. Majid Shakeri*1, Byungwhi Kong1, Hong 
Zhuang2, Brian Bowker2; 1USDA-ARS, US National Poultry 
Research Center, Athens, Georgia, United States; 2USDA-
ARS, US National Poultry Research Center, Athens, 
Georgia, United States. 

The cellular events leading to the development of woody 
breast myopathy are unclear. Previous work found that 
affected muscle tissue shows connective tissue 
accumulation, infiltration of inflammatory cells, and adverse 
morphological changes in mitochondria. Ribonucleotide 
reductase (RNR) is the rate-limiting enzyme for de-
novo synthesis of dNTP, the building block of nuclear and 
mitochondrial DNA (mtDNA). RNR consists of two subunits 
encoded by genes RRM1 and RRM2. RRM2 acts as a 
molecular switch that affects RNR activity and DNA 
replication. RRM2 mutation is associated with severe 
reduction in mtDNA leading to impaired energy production in 
tissues. Additionally, reduced mtDNA has an adverse impact 
on the levels of mitochondrial gene transcripts resulting in 
reduced levels of mitochondrial proteins. The objective of 
this study was to investigate potential RNR differences in 
woody breast tissue by examining RRM2 expression and 
associated pathways. Severe woody breast (WB) and 
normal breast muscles (N) were obtained from a local 
processing plant ~3h post-mortem. Several genes and 
enzyme activities related to RNR including RRM2 were 
examined. Gene expression was performed by qPCR using 
SYBR reagents, while enzyme activities were conducted 
using commercial kits. Data were analyzed using Prism V.9 
and t-test. Results showed that WB reduced expression of 
RRM2 (P=0.01) compared to N. Additionally, WB reduced 
expression of mtDNA genes required for normal 
mitochondria function compared to N, including ATP6 
(P=0.01), COX1 (P=0.001), CYTB (P=0.03), ND2 (P=0.001) 

and ND4L (P=0.03). Furthermore, NDUBF7 and COX 14, 
which are expressed from nuclear DNA and are localized to 
mitochondria, tended to be reduced for WB compared to N. 
Lower expression of NDUBF7 and COX14 are related to 
complex1 deficiency in mitochondria and ATP synthesis, 
respectively. WB reduced GLUT1 (P=0.05) compared to N 
which is responsible for glucose transport in cells. By 
reducing glucose transport to cells, fatty acid oxidation 
increased for WB versus N as evidenced by increased PDK4 
(P=0.0001) and PPARG (P=0.008). WB tended to reduce 
citric synthase activity and NAD/NADH ratio, while it 
increased CHRND expression (P=0.001), a possible 
indicator of high reactive oxygen species levels or elevated 
sarcoplasmic calcium levels. In conclusion, reduction of 
RRM2 could be an indicator of mitochondrial dysfunction 
and impaired ATP synthesis in WB as evidenced by the 
down-regulation of several genes related to mitochondria 
leading to impaired energy production and mitochondria 
dysfunction. 

300 Formation, development, and degradation of 
polyploid cells of the osteoclast series - a Cytogenetic 
Study. Paul Cotter*1; 1Cotter Laboratory, Research, 
Arlington, Massachusetts, United States. 

Given the importance of lameness in poultry, studies of bone 
growth and remodeling should appeal to a wide audience. 
Osteoblasts, osteocytes, and osteoclasts (OCs) comprising 
the basic metabolic unit (BMU) are prime candidates. 
The objective: is to characterize OC formation, 
development of higher ploidy, peculiarities of cytogenetics, 
and the degradation of ex situ osteoclasts (OC) of lame 
ducklings. The method/design: is a preliminary 
microscopic study of OCs and pre-OCs (pOC) in bone 
marrow preparations stained by Wright-Giemsa. Bone 
marrow (BM) samples were made on-site from 2 lame and 2 
asymptomatic ducklings on 2 farms and later stained and 
photographed. The criteria for determining ploidy, the ploidy 
ratio (PR) is computed by dividing the OC nuclei areas by 
the size of a standard diploid nucleus (~30 μm2). PRs > 1.6 
are assigned as triploids, tetraploids, and higher order ploidy 
levels. The results. Formative cells (preosteoclasts, pOC). 
Solitary giant histiocytic cells in BM [area, AC ~600 μm2] with 
prominent OC type nuclei [area, AN ~60 μm2, PR 2] were 
common. Their chromatin is condensed into thin chromatids, 
large eccentric nucleoli are also common. The high number 
of chromosomes of such cells suggests tetraploidy formed 
by karyokinesis without cytokinesis. The cytoplasm is 
heterogeneous containing an array of clear and magenta 
vacuoles, likely sources of specific secretory substances. 
The cell membrane can be highly irregular (zeiosis). Large 
lymphoid cells (Lm) plasmacytes (PC) and high numbers of 
typical heterophils (HT) seen with pOC/OC suggest an 
overall highly inflammatory environment. Developmental 
stage fusions. pOCs with 2 nuclei [AC ~400 μm2] can fuse 
with lymphocytes or plasmacytes. Nuclei size varies [AN ~50 
μm2, PR 1.6] are tetraploids, smaller nuclei are diploids 
[AN ~40 μm2, PR 1.3]. Many nuclei have condensed early 
prophase chromatin. The OC cytoplasm can differentiate 
into outer ectoplasm with vacuoles and inner endoplasm 
regions. Naked RBC nuclei sometimes attempt to enter the 
OC cytoplasm by 
emperipolesis. Conclusions/significance: The formation, 
development, and degradation of osteoclasts is not well 
known even to specialists (osteoimmunologists). OCs form 
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by fusions by cells of at least two series, histiocytes, and 
plasmacytes. This observation is a first description. 
Developmental OCs, at the syncytia stage, can divide by 
mitosis and amitosis. This is also a first description. Because 
of this property ex situ OCs become higher order polyploids. 

A condition affecting their survival. Conversely, OC 
degradation by nucleolysis may enhance the inflammatory 
state of bones and joints and worsen injury. 
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Immunology, Health and Disease: Feed Additives II

301 Evaluation of the effect of yeast-based dietary 
blend on mitigating horizontal transmission 
of Histomonas meleagridis in turkey poults. Aaron 
Forga*1, Alessandro Rocchi1, Kyle Teague1, Carl Jones2, 
Charlie Elrod2, Theresia Lavergne2, Danielle 
Graham1; 1University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 2Natural Biologics, 
Stephenville, Texas, United States. 

Histomonas meleagridis is the causative agent of 
histomonosis in poultry. Mortality in affected turkey flocks 
can exceed 70% due to a lack of approved therapeutics. In 
the present study, a commercially available product, Provilli 
(Natural Biologics, Inc., Newfield, NY), derived 
from Saccharomyces cerevisiae was evaluated in a H. 
meleagridis horizontal transmission study adapted for 
battery cages. To determine the effect of Provilli on H. 
meleagridis horizontal transmission and performance in 
turkey poults, 240 day-of-hatch (DOH) hen poults were 
individually tagged, weighed, and allocated to one of three 
treatment groups (n=8 replicate cages/group; n=8-10 
poults/cage). Treatment groups included a 1) Non-
challenged control (NC), 2) Challenged non-treated control 
(PC), and 3) Challenged + Provilli (Provilli). From d0-d7, 
poults were fed a starter diet and then were switched to a 
wheat middlings-based diet for the remainder of the study. 
The Provilli group received the dietary treatment at an 
inclusion rate of 0.5lbs/ton from DOH until termination at 
d30. Individual BW was recorded at d0, d10, and d30 to 
determine average BW and BWG of contact poults. At d10, 
100,000 H. meleagridis (PHL strain) cells/0.5 mL/poult were 
intracloacally administered to 2 seeder poults/pen. Seeder 
poults were then commingled with contact poults and wax 
paper was placed in the cage during the challenge period to 
promote horizontal transmission of H. meleagridis. 
Horizontal transmission was determined by the presence of 
liver and cecal lesions among the contact poults at d30 and 
data was analyzed using chi-square test (P<0.10). For BW 
and BWG, ANOVA was used to determine significance at 
P<0.05 and means were further separated using Students t-
test. Provilli significantly (P<0.10) reduced H. 
meleagridis horizontal transmission (56.5%) compared to 
the PC group (73.9%). BW (g) at d10 (133.68±2.01) and 
BWG (g) from d0-10 (76.94±1.94) was significantly (P<0.05) 
higher for the group that received Provilli compared to the 
NC group (BW 119.23±1.99; BWG 62.34±1.97) or the PC 
group (BW 120.52±2.10; BWG 64.20±2.06). Although not 
significant, BW (g) at d30 was improved for the Provilli group 
(385.67±10.15) compared to both the NC group 
(381.83±8.29) and the PC group (369.41±12.03). 
Additionally, BWG (g) from d0-30 was elevated in the Provilli 
group (329.39±10.14) of all groups evaluated (NC 
324.95±8.23; PC 312.59±12.04) without showing 
significance. These results indicated that dietary inclusion of 
Provilli may reduce horizontal transmission of H. 
meleagridis and improve early performance in poults. 

302 Antimycotoxin additive improve the performance 
and liver integrity of broiler chickens challenged with 
aflatoxin. Igor Soares1, Bruna L. Belote1, Fernanda F. 
Rodrigues1, Ellen Fukayama2, Rafael Neme2, Eduardo M. 
da Gloria3, Cassiana Vannucci4, Erik Seegerer4, Elizabeth 

Santin*1; 1ISI Institute, Curitiba, Parana, Brazil; 2BITA 
Animal Technology, Ribeirao Preto, Sao Paulo, 
Brazil; 3University of Sao Paulo, Department of Biological 
Sciences - ESALQ, Piracicaba, Brazil; 4Blink Biotech, Sao 
Paulo, Brazil. 

This study aimed to evaluate the effects of an antimycotoxin 
additive at different doses on the performance and liver 
integrity of broilers challenged with aflatoxin, a hepatotoxic 
fungi metabolite that affect the poultry performance. A total 
of 1,200 one-day old male Cobb® chicks were housed in 
boxes with litter and randomly distributed into 5 groups with 
8 repetitions of 30 birds each. The groups were NC = 
negative control; AF = challenged with 200 ppb of aflatoxin 
in the feed; and AF + antimycotoxin additive (ADT) at 0.5, 
1.0, and 2.0 kg/ton. The ADT (MicoLink P BlinkTM) was 
based in yeast cell wall, bentonite, charcoal, selenium amino 
acid and milk thistle extract. At the ages of 1, 7, 21, 35, and 
42 d, the birds and the feed were weighted to assess the 
birds’ live weight (LW), average daily gain (ADG), feed intake 
(FI) and adjusted feed conversion ratio (AFCR). At the ages 
of 14 and 28 d, one bird per repetition or 8 birds per group 
were necropsied to sample liver for the I See 
Inside® histologic analysis. Briefly, a total of 20 fields in each 
bird liver were evaluated in optical microscopy considering 
congestion, hydropic degeneration, vacuolization, 
proliferation of biliary duct, immune cell infiltration, and 
lymphoid tissue aggregate. Scores (S) of lesion ranging from 
0 to 3 (0 = absent; 3 = severe) were applied for each 
parameter and then multiplied by an impact factor (IF) 
varying from 1 to 3, which is pre-fixed to each parameter 
according to reductions on the organ functionality (3 = 
greatest reduction). The Total Score is the sum of the 
obtained values, as expressed by the formula Total Score = 
Σ (S*IF). The performance data were submitted to ANOVA 
followed by the Duncan’s means test and the histologic data 
were analyzed through the Kruskal-Wallis’ test followed by 
Dunn’s post-hoc test (P<0.05). Comparing to the AF group, 
the NC birds exhibited higher FI at 7 and 21 d and higher 
ADG and LW at 21 and 42 d. The FI, ADG and LW at 7 d 
and the LW at 21 d were increased in the ADT 0.5 kg/ton 
compared to the AF group. The ADT 2.0 kg/ton group 
exhibited increased FI at 7 and 21 d and higher ADG and 
LW at all ages compared to AF animals. The ADT 1.0 and 
2.0 kg/ton improved the AFCR at 7 d. For the liver analysis, 
the AF group presented higher scores of hydropic 
degeneration comparing to the NC, ADT 1.0 and 2.0 groups 
at 14 d. The Total Score of hepatic lesions at 28 d was 
decreased in the groups NC, ADT 1.0 and 2.0 compared to 
AF birds, mostly due to reductions in hydropic degeneration 
and vacuolization. Summarily, the aflatoxin challenge 
disrupted the performance and presented hepatotoxic 
effects, however, the additive was able to alleviate these 
effects linearly according to the dosage tested. 

303 Natural essential oils: An efficient-residue-free 
repellent in poultry red mite management. Hoa Bui*1,2, 
Sorphon Suor-Cherer1,2, Mohammed el Amine 
Benarbia1,2; 1Nor-Feed, Beaucouzé, Maine - et - Loire, 
France; 2Labcom FeedInTech, Beaucouzé, Maine et Loire, 
France. 
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Poultry red mite (PRM), Dermanyssus gallinae, is the most 
damaging hematophagous ectoparasite of laying hens. PRM 
infection causes serious welfare and economic issues. 
Besides, chemicals used for PRM control have turned on 
public health alerts due to the risk of residue and resistance. 
Therefore, non-chemical solutions are on demand. Natural 
essential oils (EOs) are a promising solution thanks to their 
documented repellent effect against PRM. This study aims 
to assess: 1. Repellent efficiency against PRM of a 
standardized blend essential oil (STEOs); 2. STEOs’ effect 
on the zootechnical performances; 3. Possible residues in 
eggs. First, hens were divided into 2 groups: STEOs group 
(n=4) fed with standard feed supplemented with STEOs; CT 
group (n=5) received an un-supplemented standard feed. 
The repellency of hens to PRM was determined by letting 50 
starving female PRMs freely choose hens for blood meals 
through a Y-shaped olfactometer route. Second, 
performances were evaluated from 2 groups of 48 Hisex 
White layers at 85 weeks of age in cage system. Hens in 
control group (CT) received standard diet while STEOs hens 
were fed the same diet included 500 ppm STEOs during 36 
days. Laying rate, feed conversion ratio (FCR), and quality 
of egg (broken egg and soft shell) were recorded. 
Finally, residues were analyzed using an adapted GC-EI-MS 
method on eggs laid by in feed STEOs-supplemented hens 
for 10 months compared to eggs from non-supplemented 
hens. 2 aromatic compounds, geraniol, and eugenol were 
targeted. A binomial test was performed in repellent test 
(statistical significance when P<0.05). Student test was 
used for performance analysis (statistical significance 
when P<0.05). Repellent test revealed that up to 78% of 
tested PRM was recorded feeding on CT hens while only 
14% of PRM chose STEOs hens. That showed significant 
repellent against PRM of STEOs hens compared to CT hens 
(P < 0.001). In which, there was 8% of mites stayed starving 
without moving on hens for blood. STEOs hens had 
significant higher (P<0.005) laying rate (86,15% vs 83,94%) 
and lower FCR during trial period (1.896 vs 1.939). There 
was no difference observed in egg quality between 2 groups. 
No aromatic compound was detected in all eggs from both 
tested groups. Indicating that the likelihood for EOs residues 
accumulation in eggs laid by hens regularly supplemented in 
feed with EOs for 10 months duration was absent. Results 
showed the massive interest using STEOs in managing 
PRM via feed without neither reverse impact on performance 
nor risk of residues in egg. Further studies with larger field 
scale should be carried to reinforce the obtained results. 

304 Impact of essential oils and DFM feed additives 
on laying hen immune reponse and blood 
parameters. Ceinwen Evans*1, Emma White1, Sudipto 
Haldar2, Fajrin Sidiq3, Amir E. Ghane3; 1Danisco Animal 
Nutrition & Health (IFF), Leiden, Netherlands; 2Agrivet 
Research & Advisory P Ltd, Kolkata, India; 3Danisco Animal 
Nutrition & Health (IFF), Singapore, Singapore. 

The aim of the current study was to evaluate potential effects 
of DFM and EO feed additive technologies on immune 
response and blood parameters of laying hens. 168 
Lohmann LSL lite laying hens were fed one of four 
treatments. Treatments were a control diet (C) formulated to 
meet the birds requirements and then C supplemented with 
either; a 3 strain Bacillus DFM at 75000 CFU/g (DFM75) or 
150000 CFU/g (DFM150) or an essential oil blend at 100 g/t 
(EO; containing cinnamaldehyde and thymol). Each 

treatment had 14 replicates of 3 birds per pen. Diets were 
corn/soy based and were fed as a developer (15-20 weeks), 
Phase 1 (21-40 weeks) and Phase 2 (41-60 weeks). Diets 
were fed as mash. At 20, 30, 40 and 60 weeks of age 
Brachial vein blood samples were taken from 14 birds per 
treatment and analyzed for serum Interleukin 6 (IL-6) and 
IgA. At 60 weeks blood gases were analyzed. Data were 
analyzed using GLM in JMP. Serum IgA levels were 
significantly (P<0.05) increased at 40 weeks compared to 
the control (1.59 μg/ml) by the DFM150 (2.52 μg/ml). At 60 
weeks significant increases (P<0.05) versus the control 
(1.86 μg/ml ) were seen with DFM150 and EO treatments 
(3.11 and3.09 μg/ml respectively). Significant reductions in 
IL-6 levels versus the control were seen with EO at 20 (12.4 
vs 18.5 ng/L) and 30 weeks (14.62 vs 20.71 ng/L). At 60 
weeks all treatments tended to reduce IL-6 levels with a 
significant reduction observed with the DFM 75 and DFM150 
treatment (17.03 and 15.53 vs 22.54 ng/L). Changes were 
observed in levels of blood gases with significant (P<0.05) 
increases in blood oxygen levels and decreases in blood 
potassium levels versus control (47.68 mm O2/Hg and 4.85 
mmol K/L) with DFM75 (53.36 mm O2/Hg and 4.49 mmol 
K/L) and EO (53.14 mm O2/Hg and 4.44 mmol K/L) at 60 
weeks. EO also significantly decreased blood sodium at 60 
weeks compared to the control (4.44 vs 4.85 mmol Na/L). 
Results demonstrate that supplementation with DFM or EO 
feed additives could impact the gut immune system and 
drive IgA production, the major class of mucosal antibody, to 
increase overall protection and reduce the need for 
production of pro-inflammatory cytokines such as IL-6 and 
reducing physiological stress. It can also have a positive 
impact on blood gas levels. These positive effects could help 
the laying hen during times of production or infectious 
challenge and help maintain performance. 

305 The effect of a blend of 1-Monoglycerides 
on Salmonella Heidelberg challenge, intestinal 
histomorphology and cecal microbiota modulation in 
broiler chickens. Ana Caselles1, Ricardo M. Hayashi*1, 
Paulo Bennemann1, Max Ingberman2, Manuela 
Parini3; 1SAN Group Biotech, Campinas, Brazil; 2Imunova 
Análises Biológicas, Curitiba, Brazil; 3Silo International, 
Firenze, Italy. 

Monoglycerides (MGL), esterified adducts of a fatty acid and 
a glycerol molecule have shown either bacteriostatic or 
bactericidal effects against G+ and G- bacteria with 
immunomodulatory effects. They are pH independent, less 
susceptible to enzymatic breakdown and active through 
intestine and systemically. A trial was conducted to evaluate 
a blend of nine MGL (Celtz® GH 110 - SAN Group) 
on Salmonella Heidelberg (SH) challenge, intestinal 
morphology, and cecal microbiota modulation in broiler 
chickens. A total of 276 one-day-old male chicks (Ross) 
were kept in isolators from 1 to 28 days of age, distributed in 
a completely randomized design of six treatments (46 birds 
per treatment, each bird was a replicate), detailed as follows: 
T1 (No SH, control group); T2 (no SH, MGL 750g/ton); T3 
(no SH, MGL 1,000g/ton), T4 (SH, control group), T5 (SH, 
MGL 750g/ton) and T6 (SH, MGL 1,000g/ton). At first day, 
chicks from T4, T5 and T6 were orally challenged with 10^8 
CFU/chick of SH UFPR1 strain. Eight bird’s cecal content 
from each challenged group were sampled at day 3, 7, 14, 
21 and 28 for Salmonella sp. quantification. At 28 days of 
age, eight samples from duodenum and ceca from all 



 

2023 PSA Annual Meeting Abstracts 145 
 

treatments were processed for histomorphology and 
microbiota sequencing. Bacterial DNA was submitted to 
high-throughput sequencing of the 16S rRNA V3/V4 region. 
Diversity indexes and microbial composition were measured 
using QIIME 2. Shapiro-Wilk normality test was applied, non-
parametric data was compared by Kruskal Wallis test 
(P<0.05), and parametric data was compared by ANOVA, 
followed by Tukey test (P<0.05), in Minitab software. T5 
reduced SH at 28 days of age (P=0.009) compared to T4 
and T6. For histomorphology analysis, T2 and T5 presented 
higher quantity of goblet cells compared to their respective 
control groups (P<0.05). When SH was present, MGL at 
both dosages (T5 and T6) showed higher crypt depth 
(P=0.002) and lower epithelial thickness (P=0.001) 
compared to T4 (positive control). For microbiota analysis, 
MGL at 750g/ton had higher alfa-diversity, with or without 
SH, compared to their respective controls (P<0.05). In 
absent of SH, T2 had a higher abundance of 
families Lachnospiraceae, Ruminococcaceae, Peptostrepto
coccaceae, also the genus Lawsonibacter (P<0.05). When 
SH was present, Firmicutes/Bacteroidota ratio was higher in 
T5 compared to T6 (P=0.046). T5 also presented a higher 
abundance of families Butyricicoccaceae, Oscillospiraceae 
and genus Flavonifractor compared to T4 (P<0.05). T5 and 
T6 had less abundance of genus Clostridium compared to 
T4 (P<0.05). MGL at 750g/ton reduced SH, modulated cecal 
microbiota increasing SFCA-producing bacteria, suggesting 
a positive influence in intestinal mucosal defense. 

306 The immunometabolic role of a thymol-based 
blend of botanicals on chicken macrophage-like cells 
challenged with Salmonella Enteritidis. Giulia 
Giovagnoni*1, Famatta Perry2, Benedetta Tugnoli1, Andrea 
Piva3,1, Ryan Arsenault2, Ester Grilli3,4; 1Vetagro SpA, 
Reggio Emilia, , Italy; 2University of Delaware, Animal and 
Food Sciences, Newark, Delaware, United States; 
3University of Bologna, Dipartimento di Scienze Mediche 
Veterinarie, Bologna, Italy; 4Vetagro Inc, Chicago, Illinois, 
United States. 

Macrophages represent an important line of defense of the 
organism against external insults and their immune and 
metabolic profiles are strictly interconnected. The aim of the 
study was to evaluate the immunometabolic role of a thymol-
based blend of botanicals (TBB) on a chicken macrophage-
like cell line during a Salmonella Enteritidis challenge in 
vitro. In particular, the blend was used at a sub-inhibitory 
concentration against the bacterial strain, in order to exclude 
its antimicrobial effect and focus on its role on cells. 
A chicken macrophage-like cell line (HD11 cells) was 
infected with a S. Enteritidis strain for 6 hours and, at the 
same time, cells were treated with TBB at 150 ppm. A group 
infected but not treated (CTR) was also included. Three 
different experiments were performed: (1) the gene 
expression of a panel of inflammatory markers was carried 
out through qPCR analysis; (2) the energetic metabolic 
profile of cells was investigated using the Seahorse 
metabolic assay, by measuring mitochondrial respiration 
and glycolysis over the time of infection; (3) the kinomic 
profile of macrophages was assessed with the kinome array 
analysis. A t-test was performed for the gene expression 
analysis and the kinome peptide array, whereas the 
Seahorse assay results were analysed with an ordinary two-
way ANOVA followed by Šidák’s multiple comparison test. 
qPCR results showed that, when compared to CTR, TBB 

tended to increase the expression of IL-10 (p = 0.072) and 
significantly decreased IL-6 expression (p = 0.015). 
At the end of the infection, the Seahorse assay highlighted a 
lower extracellular acidification rate, that is proportional to 
cellular glycolysis, for TBB group compared to CTR (p < 
0.0001). At the same time, a little but not significant increase 
was observed for the oxygen consumption rate, that is 
proportional to mitochondrial respiration. These two data 
indicate that macrophages treated with TBB are in aerobic 
status, that is usually correlated with the M2 phenotype. 
Based on different stimuli, macrophages can differentiate 
into M2 anti-inflammatory profile, that is associated with 
production of regulatory cytokines and the shift from a 
glycolytic metabolism to TCA cycle and oxidative 
phosphorylation. The kinome array showed an increased 
phosphorylation of RAF1 that could suggest the IL-10 
production through the ERK pathway. Moreover, the 
observed activation of AMPK and SIRT1 could lead to 
increased mitochondrial functionality, further confirming the 
M2 phenotype. To conclude, the thymol-based blend of 
botanicals is shown to switch the phenotype of macrophages 
to a less-inflammatory status based on the 
immunometabolic findings of the study. 

307 Thymol and thyme essential oil can reduce LPS-
induced inflammation and disruptive effects on apical-
out chicken enteroids. Federico Ghiselli*1, Liang-en Yu2, 
Yihang Li3, Benedetta Tugnoli1, Andrea Piva14, Ester 
Grilli5,4; 1Vetagro S.p.A., Reggio Emilia, RE, Italy; 2University 
of Delaware, Animal and Food Science, Newark, Delaware, 
United States; 3University of Delaware, Animal and Food 
Sciences, Newark, Delaware, United States; 4University of 
Bologna, DIMEVET, Ozzano Dell'Emilia, Italy; 5Vetagro Inc., 
Chicago, Illinois, United States. 

In vitro studies on efficacy of feed additives in combating 
intestinal inflammation or pathogens are typically conducted 
on 2D enterocyte monolayers. While these monolayers are 
useful, they lack the different cell types present in the 
intestinal mucosa, which are essential for studying the 
diverse properties of botanicals. To address this issue, 
intestinal apical-out organoids could be a viable alternative. 
The objective of this study was to investigate the ability of 
thymol (THY) and thyme essential oil (TEO) to mitigate the 
effects of LPS-induced inflammation on apical-out chicken 
enteroids. Enteroids were obtained from the intestines of 18-
day-old chicken embryos. The tissues were recovered, 
digested with collagenase and filtered through cell strainers 
to recover the >40 μm fraction. The obtained cell aggregates 
were then cultured in suspension for 4 days with an organoid 
floating medium to generate mature enteroids. They were 
then challenged with lipopolysaccharide (LPS – n=6) for 6 h, 
in the absence or presence of THY 10 ppm (n=6) and TEO 
20 ppm (n=6). A negative control (CTR- - n=6) group, which 
was neither challenged nor treated, was also included. 
Fluorescein isothiocyanate-4 kDa dextran (FD4) paracellular 
permeability (PCP), reported as relative fluorescence units 
(RFU), and gene expression for selected markers were then 
evaluated. Data were analyzed using one-way ANOVA with 
Tukey’s multiple comparisons (p<0.05). The enteroids 
responded to the LPS challenge by exhibiting a 2.46-fold 
increase in FD4 PCP compared to the CTR- (CTR- 1680 ± 
330 vs LPS 4121 ± 721 – p<0.0001) RFU, as well as an 
increase in mRNA levels of interleukin (IL)1β (60-fold), IL6, 
and IL8 (both 4-fold), tumor necrosis factor-α (7-fold), and 
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interferon-γ (30-fold) (p<0.01). Moreover, a significant 
(p<0.05) decrease in zonula occludens 1 (ZO1), occludin 
(OCCL), and defensins expression was observed. THY and 
TEO reduced the effects associated with the LPS challenge. 
FD4 PCP was significantly decreased by 30% with THY 
(LPS 4121 ± 721 vs THY 2896 ± 667 – p=0.0002) RFU and 
by 40% with TEO (LPS 4121 ± 721 vs TEO 2511 ± 371 – 
p<0.0001) RFU. Furthermore, the gene expression of all the 
pro-inflammatory markers was significantly reduced 
compared to LPS (p<0.05). THY and TEO restored ZO1 and 
OCCL mRNA levels to CTR- values (p<0.05). Finally, THY 
significantly increased the expression of defensin beta 4a, 
avian beta-defensin 3, and cathelicidin-2 mRNA expression 
closer to the CTR- (p<0.05). In conclusion, THY and TEO 
exhibited intriguing properties by reducing LPS-induced 
inflammation and damage in vitro. These two botanicals 
have the potential to be used as feed additives to help 
chickens overcome stressful phases during their lifecycle. 

308 Butyric glycerides act directly and indirectly on 
chicken enterocytes to enhance resistance to pathogen 
colonization. Amine Mellouk1, Nuria Vieco2, Virginie 
Michel1, Olga Lemâle1, Wanderley Quinteiro-Filho*1, Tim 
Goossens1, Haitham Yakout3, Jessika Consuegra1; 
1Adisseo, Sint-Niklaas, Belgium; 2Adisseo, Malicorne, 
France; 3Adisseo, Raleigh, North Carolina, United States. 

Butyric acid-based supplementation to poultry feed is mainly 
used for its benefits on gut health. A source of butyrate, 
mono-, di-, and triglycerides of butyric acid can provide a 
better distribution of butyrate in the entire gastrointestinal 
tract. Here, we aim to study direct and indirect effects of 
these butyric glycerides’ mixture on avian enterocyte’s 
resistance to pathogen colonization. The CHIC clone-8E11 
immortalized chicken enterocytes (8E11) was used to 
conduct this study in vitro. Cells were preincubated or not 
with sodium butyrate (SB) or with butyric glycerides rich in 
monobutyrin (MB) or with MB that was digested in vitro with 
lipase. Resistance to C. jejuni and S. Typhimurium 
adhesion was measured with a CellELISA. Protection 
against C. perfringens α toxin was assessed by a Resazurin 
cell survival test. The Seahorse® assay was used to monitor 
mitochondrial activity. Analytical values were analysed with 
one-way ANOVA, and statistical significance was 
considered at p < 0.05. At 2 mM, MB significantly reduced 
the adhesion of C. jejuni and S. Typhimurium to 8E11 cells 
by 84 and 60 % (n=3, p < 0.001), respectively. SB reduced 
only S. Typhimurium adhesion by 20% (n=3, p < 0.001). 
MB preincubation also protected 8E11 cells from the toxicity 
of C. perfringens α toxin. MB maintained 8E11 survival 
levels at 80 % vs. 15 % and 20 % in the control and SB 
groups, respectively (n=3, p < 0.001). Next, we measured 
the effects of the digested and non-digested butyric 
glycerides treatments on 8E11 cells mitochondrial activity. 
Only SB and butyrate released by lipase cleavage, but not 
MB, significantly increased the initial and maximal oxygen 
consumption rate (n = 8, p < 0.001). In mammals, this 
metabolic response is known to induce a shift in intestinal 
ecology to an anoxic profile favoring anaerobic microbiota 
and disfavoring aerobic pathogens growth. To further 
explore this shift, studies on the microbiome of chickens fed 
with butyric glycerides mix supplementation are ongoing. 
In summary, our results suggest that supplementing poultry 
feed with butyric glycerides mix, do not only ensure delivery 
of butyrate all along the gut but confers a triple antimicrobial 

effect. Besides the described antimicrobial effect of α-
monoglycerides, we demonstrate that butyric glycerides act 
directly on enterocytes making them more resistant to 
pathogens adhesion and toxicity. In addition, butyric acid, 
when released by lipase, acts as a source of energy not only 
for mammalian but also avian enterocytes and can therefore 
indirectly drive a microbial shift towards a resistant profile to 
pathogen invasions. Altogether, we show in vitro how butyric 
glycerides can enhance animal resilience against 
pathogenic challenges. 

309 Effect of Bacillus subtilis DSM 32315 (GutCare®) 
on enteric permeability and lameness after 
Enterococcus cecorum inoculation of broilers. Lisa 
Bielke1, Kate McGovern2, Demilade I. Ibiwoye1, Philip 
Yeboah1, Rose Whelan3, Nadia Yacoubi*4; 1North Carolina 
State University, Prestage Department of Poultry Science, 
Raleigh, North Carolina, United States; 2Ohio State 
University, Animal Sciences, Columbus, Ohio, United 
States; 3Evonik Nutrition & Care GmbH, Animal Nutrition, 
Birmingham, Great Britian, United Kingdom; 4Evonik 
Operations GmbH, Nutrition and Care, Hanau-Wolfgang, 
Germany. 

Entercoccus cecorum is a gut-associated bacteria 
increasingly associated with disease in broilers. This study 
evaluated changes in enteric permeability and lameness, 
including femoral head deterioration (FHD) and abscesses 
of free thoracic vertebrae (FTV) when fed a rye diet with or 
without inclusion of Bacillus subtilis DSM 32315- 
GutCare®(Bs). Three sets of 400 broilers per treatment were 
segregated to eight replicate pens and fed either a corn-soy 
(Control) or increasing inclusion of Rye at 10%, 15%, and 
20% from starter to grower phases (Rye) with a second set 
of Rye-fed birds receiving Bs through the duration Bs. Feed 
consumption and BW were monitored bi-weekly and on d14, 
all birds were orally inoculated with E. cecorum. Serum 
fluorescein isothiocyanate dextran (FITC-d) samples were 
evaluated on d14, 21, and 28 while birds were continuously 
monitored for lameness. Birds that could not ambulate to 
access feed and water were humanely killed and necropsied 
for FHD and FTV lesions. Continuous data were analyzed 
by ANOVA. Overall, Bs improved d42 BW (p<0.05) of 2.99 
± 0.20 kg compared to Rye at 2.86 ± 0.40 kg; while no 
differences in FCR were noted. Despite a suboptimal rye 
diet, Bs was statistically similar (p>0.05) in BW and FCR to 
the control group consuming a corn-soy diet during the 
experimental period. At d14 and d21, no statistical 
differences were observed in serum FITC-d, but by d28, 
birds receiving dietary Bs had decreased measured FITC-d 
compared to Control group (p=0.0458) at 0.0146 ± 0.0022 
µg/mL and 0.0266 ± 0.0014 µg/mL respectively. FTV lesions 
were observed in a total 2.25% of lameness cases, of which 
48% were attributed to Rye, 30% to Control, and only 22% 
to Bs (p=0.228). Similarly, FHD observations, 5.67% of 
lameness cases, were highest in Rye with 40% of cases, 
followed by Control at 34%, and Bs decreased to 26% of 
cases (p=0.260). Total lameness in all birds, FTV + FHD, 
was decreased (p=0.037) in Bs, 6.0%, compared to Rye, 
10.0%, but not different from Control, 7.8% (p=0.328), 
suggesting that added probiotic was able to overcome a sub-
optimal diet designed to increase cases of bacterial 
lameness. Altogether, these results suggest that Bacillus 
subtilis DSM 32315 can improve gut conditions by 
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decreasing enteric permeability, which can lead to FHD and 
FTV in broilers. 

310 Dietary phytase and stimbiotic reduce 
susceptibility to bacterial chondronecrosis with 
osteomyelitis (BCO) and associated lameness in 
modern broiler: wire-ramp challenge model. Alison 
Ramser*1, Mike Bedford2, Robert Wideman1, Elizabeth S. 
Greene3, Garrett Mullenix4, Sami Dridi5; 1University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 2AB Vista, Marlborough, Wiltshire, United Kingdom; 
3University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 4University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States; 5University 
of Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States. 

Bacterial chondronecrosis with osteomyelitis (BCO) is an 
infection of weak bone by opportunistic bacteria that infiltrate 
the blood stream in the event of gastrointestinal deterioration 
and/or immune suppression. It is a leading cause of 
lameness and an animal welfare concern. Nutritional 
inclusions targeting broiler robustness could prove effective 
in nurturing bone health. Dietary phytase (AB Vista, UK) 
inclusion has proven to improve mineral utilization, muscle 
myopathy incidence, and systemic-/local-oxygen 
homeostasis. Stimbiotics (AB Vista, UK) are a newer class 
of feed additives which combine xylanase with xylo-
oligosaccharides to cultivate a fiber digesting microbiome to 
benefit gastrointestinal health. Therefore, it was 
hypothesized that their inclusion could offset both the issue 
of weak bone, and bacterial load, in the pathology of BCO, 
and thereby reduce lameness and lesions in broilers 
challenged on a wire-ramp model. To test this hypothesis, a 
2 x 6 factorial design was undertaken with 96 pens, 2 flooring 
systems, and 6 diets (n = 8). Broilers were reared for 56 days 
on either litter or litter with a wire ramp below the waterlines 
and fed one of 6 diets: standard diet as a positive control 
(PC), negative control deficient in Ca and P (NC), PC + 
stimbiotic (100g/tonne); PC + stimbiotic + phytase (3,000 
FTU/kg); NC + phytase (3,000 FTU/kg); and NC + stimbiotic 
+ phytase). During the trial, birds were walked twice a day 
and culled for lameness. All birds culled and mortality were 
necropsied and scored for BCO. At 56 days of age, all birds 
were scored for BCO lesions. Data were analyzed via two-
way ANOVA with blocking for the barn. Results showed the 
PC diet having the first incidence of lameness at 30 days of 
age, yet the NC group having an exponential increase in 
lameness starting at 42 days of age. Comparison between 
the litter and wire ramp challenged groups showed an 
increase in lameness from ~2% to ~22% in the PC group 
while the NC group went from ~5% to over 30% (P < 
0.0001). This increased lameness also coincided with 
significantly increased incidence of severe BCO, proving the 
efficacy of the model. Most notably, inclusion of both phytase 
and stimbiotic reduced lameness and BCO lesion incidences 
on wire ramp challenge compared to both PC and NC on 
wire ramp and the litter controls for each feed additive diet. 
Diets containing both feed additives had the lowest 
lameness incidence of any group on wire ramp at about 10-
12% and the lowest incidence of severe BCO lesions. 
Additionally, the groups fed both phytase and stimbiotic had 
the lowest mortality throughout the duration of the trial. This 
is the first study linking phytase and stimbiotic inclusion with 
bone health and survivability. 

311 The impact of a yeast probiotic on performance 
and gut microbiota in broilers. Maria Tereza Bethonico 
Terra*1, Emily Jiral2, Gregory Archer2, Connor Padgett1, 
lamya Rhayat1; 1Phileo by Lesaffre, Milwaukee, Wisconsin, 
United States; 2Texas A&M University, College Station, 
Texas, United States. 

Yeast probiotics can reduce local intestinal inflation by 
modulating cytokine expression, the gut microbiota, and 
increasing villi height. These effects can also impact 
performance. The aim of this study was to evaluate the 
effects of a yeast probiotic on the performance and gut 
microbiota of commercial broilers. 1200 (12 
replicates/group) Ross 708 broilers were housed at day-old, 
challenged with coccidiosis vaccination at a 2x dose, and 
divided into 5 groups: negative control (NC), BMD (50g/T) 
and Actisaf® (Yeast) at 250g/T, 375g/T, and 500g/T. Birds 
were reared on used litter up to 49 days of age and received 
a corn-soybean-based diet with 5% DDGS added. Body 
weight, feed consumption, mortality, and feed conversion 
ratio (FCR) were recorded. Ileum samples were collected at 
the end of the trial for evaluation of microbiota through 
bacterial 16S rRNA gene amplification. Performance data 
were analyzed using the GLM model of Minitab. Means were 
separated by Fisher’s LSD. For α-diversity, pairwise 
comparisons using the Wilcoxon rank sum exact test were 
done. For β-diversity, PERMANOVA was used. Birds fed 
Yeast were heavier than the NC in all time points and this 
was significant at 42 days (p ≤ 0.05). For all ages, cumulative 
FCR showed significant improvement (p ≤ 0.05) compared 
to the NC and similar results to the BMD treatment. Birds fed 
Yeast and BMD treatments had significantly higher α-
diversity than NC birds. Principal Component Analysis 
showed 5 distinct microbiota communities equivalent to the 
different groups with an overlap of 95% between birds 
treated with Actisaf at 250 and 375g/T, indicating no major 
differences. Yeast-treated birds had reduced Firmicutes and 
increased Bacteroidetes when compared to the NC. This 
occurs mainly due to the increase 
of Bacteroides and Butyricimonas genera. Despite the 
overall decrease of Firmicutes, Butyricicoccus, a known 
producer of SCFAs, was slightly increased in birds fed the 
Yeast treatment. Finally, the prevalence of Sellimonas was 
higher in Yeast treated birds. Recent studies have shown 
that this genus is a potential marker of intestinal homeostasis 
recovery. Gut microbial species and population differences 
could explain the improvements in FCR. Higher diversity is 
commonly associated with more stable gut microbiota. Birds 
fed the Yeast treatment, at all concentrations, had improved 
growth performance like traditional growth promoters. These 
results indicate that Actisaf live yeast probiotic may be an 
economically advantageous feed ingredient for broilers. 

312 The effect on the intestinal health of broilers of a 
blend based on tannin, saponin, polyphenols and pectin 
on commercial barns in Brazil. Igor Soares1, Bruna L. 
Belote1, Fernanda F. Rodrigues1, Vinicius Duarte2, Diana J. 
Pereira3, Marco A. Edbing4, Leonel Molin5, João B. Lancini6, 
Elizabeth Santin*1; 1ISI Institute, Curitiba, Parana, Brazil; 
2Federal University of Santa Maria, Santa Maria, Rio Grande 
do Sul, Brazil; 3Federal University of Paraná, Curitiba, 
Parana, Brazil; 4Federal University of Rio Grande do Sul, 
Porto Alegre, Rio Grande do Sul, Brazil; 5Federal University 
of Pelotas, Pelotas, Rio Grande do Sul, Brazil; 6Silvateam, 
Estância Velha, Rio Grande do Sul, Brazil. 
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This study aimed to test the effects of an anticoccidial 
additive on the intestinal health of broilers under field 
conditions in the southeast region of the Parana state, Brazil. 
For that, a total of 6 barns (25,500 birds housed each) of 
negative pressure, with wood shave litter, gas heaters during 
the start and initial phases and with automatic climate control 
system (ventilation fans, cooling pads, air inlets) during all 
growth out were tested. Three barns were the negative 
control (NC group), and 3 barns received the feed added 
with the additive blend (AD group – Nutricox Full by 
SilvateamTM) based on tannin, saponin, polyphenols and 
pectin at the dose of 1 kg/ton just during the withdrawal 
phase consisting of 10-12 days before slaughter. These 
barns were evaluated at 3 consecutive flocks/periods (on 
May 25th, August 4th, and October 7th of 2022), when 5 birds 
per barn (totalizing 45 birds per group) at the average age of 
47 d were necropsied to sample duodenum and jejunum for 
the I See Inside® (ISI) histologic analysis. Briefly, a total of 8 
parameters were evaluated in the organs through scores of 
lesion (S) ranging from 0 to 3 (0 = absent to 3 = severe). For 
each parameter, an impact factor (IF) varying from 1 to 3 is 
fixed according to reductions on the organ functionality (3 = 
greatest reduction). The Total Score, the final value of the 
method, was assessed by multiplying the IF of each 
parameter by the respective observed lesion score and 

summing all the results, where higher the value, worse the 
health of the villus. The necropsy data were submitted to the 
Kruskal-Wallis’ test followed by Dunn’s test and only 
significant results are exhibited here (P<0.05). For both 
duodenum and jejunum, the NC birds showed higher Total 
Scores of lesions compared to the AD group at all samplings 
(NC x AD for duodenum at 1st, 2nd, and 3rd sampling, 
respectively: 8.50 x 7.89, 11.13 x 10.41, and 11.88 x 10.45; 
the same for jejunum: 8.08 x 7.85, 11.43 x 9.54, and 10.71 
x 10.00), demonstrating that the additive improved the 
intestinal health of the birds. In duodenum, these 
enhancements were due to reduced scores of presences 
of Eimeria, lamina propria thickness, enterocytes 
proliferation, and inflammatory infiltration of both lamina 
propria and epithelium in birds fed with the additive. For 
jejunum, AD birds presented diminished scores of both 
lamina propria and epithelium thickness and their 
inflammatory infiltration, as well as of presence of goblet 
cells and congestion. The additive blend based on tannin, 
saponin, polyphenols and pectin was able to alleviate the 
inflammatory process in response to field challenges, as 
expressed by the ISI scores, and reduce Eimeria oocysts in 
the duodenal mucosa. 
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Management and Production

313 Reducing turkey stocking density to improve 
welfare – can there be unintended consequences? 
Karen Schwean-Lardner*1; 1University of Saskatchewan, 
Animal and Poultry Science, Saskatoon, Saskatchewan, 
Canada. 

Research focusing on turkeys is certainly not as prevalent 
as broiler-focused research for a number of reasons, 
including cost, length of time in barn, and difficulty in 
handling the large bird sizes. Consequently, some 
management decisions for turkeys are based on broiler 
research or are used simply because they have been in 
place for long periods of time. 
One such case is stocking density in commercial turkeys. 
The majority of work in this area was conducted decades 
ago. Has turkey production changed in that time? Likely yes, 
including changes to management practices, nutrition, 
genetics, housing systems, and bird target weights to name 
a few. This presentation will cover two large scale studies 
from our lab that have focused on turkey tom and hen 
stocking density, and the effects that were noted in 
production, bird health and well-being. Some results were 
unexpected, and could lead to unintended consequences 
unless addition mitigation techniques are employed. These 
data point to the importance of species and sex specific 
research to maximize bird welfare and productivity. 

314 Managing litter moisture in broiler house with a 
targeted air distribution system. Hong Li*1, Giovanni 
Rollo1, Paul N. Farro1; 1University of Delaware, Animal and 
Food Sciences, Newark, Delaware, United States. 

Litter moisture content (MC) plays an important role in 
poultry produce and can affect animal health and welfare, air 
quality, and microbial environment. Excessive litter MC 
could cause footpad and hock burns, caked litter, high 
ammonia concentration and emissions, and high pathogen 
loads. High litter MC is the outcome of inadequate 
ventilation, poor air circulation, low static pressure, leaky 
drinker, high stocking density, and diseases. Different bird 
activities and behaviors also can create high litter MC, such 
as feeding, drinking, and defecating. The areas near drinker 
and feeder line usually contain high MC litter. The objective 
of this project is to reduce litter MC by increasing air speed 
and circulation in the high litter MC through a targeted 
ventilation system. A positive air distribution system was 
designed and fabricated to provide higher air speed above 
the litter floor and increase water evaporation rate. The 
system consists of an air blower (30 CFM rating), 6-ft long 
PVC pipe (2-in diameter), and ¼-in diameter air discharge 
outlets with 12-in space. The performance of the air 
distribution system was tested in four research broiler 
houses (10 ft x 10 ft with 40 broilers) with four different 
configurations: two air outlet angles (135 and 150 degree) 
and two heights (13 and 19 inch above the floor). The test 
lasted 14 days when the birds were 35 to 49 days old. Litter 
samples were collected every three days from 12 different 
spots: 6 without the air system and 6 under the air system. 
The litter MC of the samples were analyzed with the oven 
drying method: 24 hr at 105 degree C. The litter MCs in the 
four different configurations were compared. Statistical 
analysis was performed using ANOVA test. Results showed 
neither height (P=0.18) nor angle (P=0.50) affected the litter 

MC loss from the litter. All four targeted air distribution 
configurations resulted in a significant litter MC decrease 
(35.9% vs. 39.1%, P=0.0046) than the untargeted area. The 
data suggests that the air distribution system is effective in 
reducing litter MC and improving litter and environmental 
qualities. This study provides insight into effective ways of 
adopting this novel system in broiler operations to manage 
litter and improve poultry health. 

315 Microbiota and expression of genes related to 
taste receptors and feed intake of broiler chickens with 
different body weight: new interpretation for flock 
uniformity. Janghan Choi*1,2, Doyun Goo1, Woo K. 
Kim1; 1University of Georgia, Poultry Science, Athens, 
Georgia, United States; 2U.S. National Poultry Research 
Center, Athens, Georgia, United States. 

Uniformity of broilers is one of the important criteria in broiler 
production because poor uniformity can increase the flock 
mortality and decrease the efficiency of the nutrition 
programs. The purpose of the study was to investigate the 
differences in microbiota and expression of genes related to 
taste receptors and feed intake in broiler chickens of different 
body weight. A total of 250 one-day-old broiler chicks 
(average body weight 45.94 ± 0.08 g) were randomly 
allocated to 10 floor pens of 25 birds per pen (L: 1.52 m; W: 
1.22 m; H:0.61 m), 13.48 birds per m2. On D 18, the average 
individual body weight of the flock was 501 g, and the three 
most common body weight groups were selected: small (S): 
300 to 400 g; medium (M): 400 to 500 g; and large (L) 500 
to 600 g from each pen. The three groups were compared 
using one-way analysis of variance with post hoc Tukey's 
test (P < 0.05). The S group had significantly greater relative 
mRNA expression of taste receptor type 2 member 7 (bitter 
taste receptor) and G-protein coupled receptor 120 (ω-3 FA 
receptor/sensor) in the upper palate compared to the L 
group. The S group had significantly greater relative mRNA 
expression of agouti-related protein and cholecystokinin in 
the brain compared to the L group. The L group had 
significantly greater relative mRNA expression of 
neuropeptide Y receptor Y1 (NPYY1) compared to the S 
group. In the duodenum, the L group had significantly 
greater relative mRNA expression of taste receptor type 1 
member 1 (umami taste receptor) compared to the S group. 
No differences were found in the activities of brush border 
digestive enzymes in the duodenum (P > 0.1). Unweighted 
beta diversity analysis indicated that the S, M, and L groups 
had significantly distinct microbiome. In conclusion, broilers 
with different body weight had different microbiota and 
expression of genes related to taste receptors and feed 
intake. Therefore, these results suggest that modulation of 
microbiota and expression of genes related to taste 
receptors and feed intake may enhance broiler flock 
uniformity. 

316 Synergistic effect of electrostatic particle 
ionization and bedding management on particulate 
matter and ammonia reduction in cage-free hen 
houses. Ramesh B. Bist*1, Sachin Subedi1, Xiao Yang1, 
Casey Ritz1, Woo K. Kim1, Lilong Chai1; 1University of 
Georgia, Department of Poultry Science, Athens, Georgia, 
United States. 



 

2023 PSA Annual Meeting Abstracts 150 
 

As the popularity of CF housing continues to grow, it is 
important to find effective methods to enhance the air quality 
in these facilities. The poor air quality in cage-free (CF) 
houses can negatively impact the health and well-being of 
hens and caretakers. Researchers have been investigating 
different techniques to decrease air pollutants like particulate 
matter (PM) and ammonia (NH3) from CF housing by utilizing 
different air pollutant mitigation strategies, including bedding 
materials and electrostatic particle ionization (EPI). Most 
previous studies focused on the effect of the individual 
method on air quality, which has limited capacities in 
ammonia or dust control. The effect of integrated methods 
for air pollutant mitigation should be investigated. This study 
aimed to investigate the synergistic effect of EPI and 
bedding material on reducing air pollutants in CF houses. 
The hypothesis was that integrating EPI and bedding 
materials would lead to a significant reduction in air 
pollutants. The study used four identical rooms with about 
200 Hy-line W-36 birds per room. Rooms were randomly 
assigned with the treatment (EPI + 20% wood chips topping 
over 80 weeks old litter) and control rooms of two replicates 
each. The PM and NH3 levels were measured using TSI 
DustTrak and ToxiRae Pro NH3 device twice a week at 10 
minutes sampling times at the center of each room. 
Statistical analysis was done using R-studio 4.2.1, and data 
were analyzed using two-way ANOVA with Tukey HSD 
method for mean comparison (P<0.05). The results showed 
that EPI and bedding materials together reduced PM1, 
PM2.5, PM4, PM10, and total suspended particles (TSP) by 
63.8, 64.5, 66.2, 69.4, and 65.9%, respectively, while 
NH3 gas was reduced by 58.7%. These findings suggest that 
integrating EPI and bedding materials could be a promising 
approach to improve air quality in CF hen houses, benefiting 
both animals' and caretakers' health and welfare. It is crucial 
to address air pollution in poultry housing systems, and this 
study provides evidence of an effective approach. 

317 Evaluation of gypsum as a bedding material for 
broiler chickens. Cesar Escobar Lobo*1, Dexter B. Watts2, 
Henry A. Torbet III2, Matthew A. Bailey3, James Krehling1, 
Luis R. Munoz4, Leticia A. Orellana Galindo5, Yagya 
Adhikari6, Bethany Baker-Cook1, Ken Macklin7; 1Auburn 
University, Poultry Science, Auburn, Alabama, United 
States; 2USDA-ARS, Department of Agriculture, Auburn, 
Alabama, United States; 3Auburn University, Poultry 
Science, Auburn, Alabama, United States; 4Auburn 
University, Poultry Science, Auburn, Alabama, United 
States; 5Auburn University, Poultry Science, Auburn, 
Alabama, United States; 6Auburn University, Department of 
Poultry Science, Auburn, Alabama, United States; 
7Mississippi State University, Poultry Science, Starkville, 
Mississippi, United States. 

Flue Gas Desulfurization (FGD) gypsum is a byproduct of 
the coal-fired power plant process that is commonly used to 
remove sulfur dioxide emissions from the flue gas. FGD 
gypsum has many industrial, agricultural, and environmental 
applications. Previous research found gypsum to be 
effective at controlling ammonia emissions. This study 
aimed to evaluate the use of gypsum combined with different 
litter treatments as bedding for broiler production, focusing 
on ammonia (NH3), nitrous oxide (N2O), carbon dioxide 
(CO2), and methane (CH4) gas emissions, moisture, 
performance, and foot pad (FPD) scores over four 
continuous flocks. A total of 1,800 one-day-old Ross 708 

birds were randomly assigned to 24 pens (75 birds/pen) 
divided into six experimental groups, with four repetitions 
and raised until day (d) 42. Litter treatments were gypsum 
that was decaked (D), rotovated (E), and rotovated then 
windrowed (F) between flocks. With control treatments using 
pine shavings that were decaked (A), rotovated (B), and 
windrowed post-rotovating (C). Gas emissions (ppm) were 
measured at d0 and 42 at litter level using an Innova 1512 
Photoacoustic Infrared Spectroscopy (PSA) Analyzer. 
Adjusted Feed Conversion Ratio (AFCR) was used as a 
measure of production. FPD scores were taken on d42 using 
a scale of 0, 1, and 2 where 0 was no FPD lesion and 2 was 
lesion more than ½ the area of the FPD. Data were analyzed 
using a GLM model, Proc Glimmix (significant P ≤ 0.05) for 
effects of litter treatment and flock, means were separated 
using Tukey’s HSD in SAS® 9.4 software. No overall effect 
of treatment was found for AFCR or any of the gas emission 
values. In flock 1 (P <.0001), treatments containing gypsum 
(D-23.40%, E-23.65%, and F-23.30%) had higher moisture 
than control treatments (A-21.32%, B-21.35%, and C-
21.35%). At d42 (P <.0001), flock 2 had the highest NH3 
(141.63 ppm) and CO2 (8055.42 ppm), while flock one had 
the highest CH4 (13.66 ppm) and moisture (21.68%). 
Treatment effect was only found for FPD score 2, with 
control treatment B and C having more FPD 2 scores than 
gypsum treatments F, E, and D (P <.0001). In flock 2, 
gypsum treatments D, E, and F had more FPD scores 0 than 
control treatments A, B, and C (P <.0001). In flock 3 (P = 
0.0007), control treatments B and C had more FPD scores 2 
compared to D and F (gypsum). Overall, flock 1 and 3 had 
less FPD scores 0 and more 1 and 2 compared to flock 2 
and 4 (P <.0001). Overall, the use of gypsum as bedding 
results in equivalent production to pine shavings, while 
increasing FPD quality when compared to pine shaving. The 
reuse of litter may decrease CH4 emission, although this 
may be confounded by environmental relative humidity. 

318 ISI Score; An indicator to monitor poultry flocks 
and how to apply it. Igor Soares1, Bruna L. Belote1, Ricardo 
H. Rauber2, Fernanda F. Rodrigues1, Otto Figueiró1, 
Elizabeth Santin*1; 1ISI Institute, Curitiba, Parana, 
Brazil; 2Vetinova – Strategic Animal Health, Curitiba, 
Parana, Brazil. 

ISI Sys (ISI for "I See Inside") is a poultry monitoring tool that 
converts necropsy findings into health indicators. This study 
meant to define recommendations for use of this tool to 
generate valuable indicators of broilers production. For that, 
a total 20 commercial broiler flocks housed from June to 
August 2022 were monitored in the west region of Parana 
state, Brazil. At the ages of 14, 21, 28, and 35 d, 10 birds per 
flock were selected per barns (5 birds from 8 to 9am – 5 birds 
from 2 to 3pm) for necropsies carried out according to the 
ISI Sys method. Briefly, a total of 32 parameters related to 
the gastrointestinal tract, respiratory, locomotor systems and 
other organs were evaluated through scores (S) of alteration 
ranging from 0 to 3 (0 = no alteration; 1 = mild; 2 = moderate; 
3 = severe). For each parameter, an impact factor (IF) from 
1 to 3 is fixed according to reductions on the organ function 
(3 = greatest reduction). The scores were registered on the 
ISI Sys mobile app and its system calculates the birds’ ISI 
Score by multiplying the IF of each parameter by the 
respective score and summing the results according to the 
formula ISI Score = Σ(S*IF). For all the flocks, downtime 
period (DT) prior to placing, feed conversion ratio, average 
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daily gain (ADG), mortality, and final weight (FW) at 
slaughter were collected. The necropsy data were submitted 
to the Kruskal-Wallis’ test followed by Dunn’s test, and mean 
ISI Scores per flock and slaughter results were submitted to 
Pearson’s correlation test. The results were significant when 
P < 0.05 and the ISI Scores are exhibited as (mean ± SEM). 
The ISI Score in the morning (19.90+0.30) was significantly 
higher than in the afternoon (19.00+0.26). About the age, the 
lowest ISI Score was observed at 14 d (17.70±0.41), 
followed by a significant increase at 21 d (20.97±0.43) and 
then a significant decrease at 28 d (19.38±0.35). The 
indicator at 35 d (19.74±0.38) only differed significantly from 
14 d. This results indicate a worsening on the overall health 
of the birds with the day period and age. The ISI Score at 14 
d was negatively correlated with DT (r = -0.55), indicating 
that shorter DTs increase the scores of lesions and that the 
impact of DT can be measured up to 14 d. Negative 
correlations with FW were observed between the ISI Scores 
at 21 (r = -0.50), 28 (r = -0.61) and 35 d (r = -0.55); and with 
ADG between the ISI Scores at 28 (r = -0.65) and 35 d (r = -
0.51), showing that high lesions at this period impact the 
performance at 45 d. Moreover, the assessment of ISI 
Scores at 21 to 28 d is the best tool to predict undesirable 
performance results at the slaughter and to point the need of 
flock rescuing measures until the birds loading age. 

319 Feed additives for heat stress in broiler chickens 
1. Under mild heat stress with corn/soy based 
diets. Stephanie Torrey*1, Lauren C. Dawson1, Leslie 
McKnight1; 1Trouw Nutrition North America, Puslinch, 
Ontario, Canada. 

Heat stress is becoming increasingly common in animal 
agriculture as global temperatures increase due to climate 
change. Nutritional strategies, including supplementation 
with antioxidants, may provide broilers with protection 
against the oxidative insults caused by heat stress. The 
objective of this study was to determine the efficacy of a 
Vitamin E equivalent (Selko® POMix) and betaine 
(Selko TNIBetain) on reducing the effects of a mild, chronic 
heat stress on broiler chickens. The study included 4,608 
Ross 308 male broilers, housed in 72 floor pens of 64 birds 
each. Pens were assigned to one of four 
treatments: Control (CON), which was a commercial, 
corn/soy based, antibiotic-free four phase program; POMix 
(PO), which was the control treatment plus Selko POMix 2% 
at 1 kg/MT; Betaine (BET), which was the control treatment 
plus Betaine 96% at 1 kg/MT; POMix × Betaine (POxBET), 
which was the control treatment plus POMix at 1 kg/MT and 
betaine at 1kg/MT. Broiler chickens were exposed to a 
chronic heat stress (29°C) for 8 hours per day from 21-35 
days. Data were analysed with a generalized linear mixed 
model, with PO and BET inclusion, and the interaction 
between the two, as the main factors. Block was considered 
as a random effect. Cumulative mortality was 2.41%. There 
was no effect of PO on cumulative mortality rate (P=0.42). 
Pens fed diets containing BET (2.78±0.28%) tended to have 
higher mortality than those fed diets without BET 
(2.04±0.28%; P=0.067). There was no interaction between 
PO and BET on mortality (P=0.45). Foot pad lesions were 
affected by dietary treatment (P<0.02). On day 35, birds fed 
CON had 3.8-5.3 times greater odds of having worse foot 
pad lesions than the diets containing BET. Pens fed CON 
had a 12 times greater risk of worse litter condition than pens 
fed PO×BET. There was an interaction between PO and 

BET on BW on day 35 (P=0.029); broilers fed BET were 61g 
heavier than those fed CON (P=0.057), while PO and 
PO×BET were intermediate. FCR adjusted to a common BW 
tended to differ depending on whether betaine was included 
(P=0.052); broilers fed BET or PO×BET had a lower FCR 
than those fed CON or PO (2-point difference). There tended 
to be an interaction between POMix and betaine on FCR 
(P=0.099); broilers fed BET tended to be more feed efficient 
than those fed CON (4-point difference). During the heat 
stress period, BET and PO×BET improved FCR by 6-7 
points compared to CON (P<0.05). In conclusion, during a 
mild heat stress challenge, inclusion of BET in broiler diets 
increased the final BW, improved feed efficiency, and 
reduced the risk of foot pad lesions and wet litter. The 
combination of PO×BET improved FCR during the heat 
stress period and reduced the risk of wet litter. 

320 Comparison of litter moisture and bacterial loads 
in commercial broiler houses utilizing litter windrowing 
and decaking between flocks. Craig D. Coufal*1, Juan 
Suarez1, Gregory Archer2, Christopher LaHaye3, Joey 
Bray3; 1Jones-Hamilton Co., Walbridge, Ohio, United 
States; 2Texas A&M University, College Station, Texas, 
United States; 3Stephen F. Austin State University, Animal 
Science, Nacogdoches, Texas, United States. 

Litter conditioning and reuse in broiler houses has been a 
standard practice in the United States for many years. Litter 
reuse reduces the need for costly new bedding, used litter 
storage or immediate land application of litter. Decaking and 
windrowing are 2 methods of litter management commonly 
used by broiler producers in the United States to condition 
litter between flocks. Decaking removes the moist and 
compacted material on the surface of the litter bed, while 
litter windrowing is used to stimulate an abbreviated 
composting process to generate heat within piles so that 
pathogenic microorganisms will be inactivated. An 
experiment was conducted utilizing 4 commercial broiler 
houses at the Stephen F. Austin State University Poultry 
Research Farm to compare moisture and bacterial loads in 
broiler litter using decaking or windrowing methods between 
flocks. The experiment was initiated after a flock of broilers 
was reared on new litter in all 4 houses. For 5 consecutive 
flock cycles, the litter in 2 houses was decaked and the litter 
in 2 houses was windrowed. At the end of each flock, prior 
to litter decaking or windrowing, litter samples were collected 
down the length of each house from 3 separate areas: next 
to the wall, under a drinker line, and in the center of the 
house. After litter management procedures were performed, 
but prior to any litter amendment application and placement 
of the next flock, litter samples were again collected in the 
same manner. All litter samples were then analyzed for 
moisture content, and bacterial cultures were performed to 
obtain counts of Escherichia coli, Clostridium 
perfringens and Enterococcus spp. Based on the assay’s 
limit of detection, litter samples with zero plate counts were 
assigned a value of 0.70 log10cfu/g for statistical analysis. All 
data were analyzed by the GLM procedure with means 
separated using the Fisher LSD method at P<0.05. Average 
litter moisture was not different between treatments at the 
end of each flock or prior to the next flock. Following 
decaking or windrowing, average litter E. coli counts did not 
differ between the treatments (0.77 vs 0.86 log10cfu/g), 
but C. perfringens counts were lower for the windrowed 
compared to the decaked litter (0.87 vs 1.52 
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log10cfu/g). Enterococcus spp counts were not different 
between windrowed and decaked litter for the first 3 cycles 
(average of 5.83 and 5.94 log10cfu/g, respectively), but were 
approximately 1 log lower for the windrowed compared to 
the decaked litter in fourth and fifth cycles (5.73 vs 6.98 and 
5.80 vs 6.69 log10cfu/g, respectively). These data indicate 
that litter windrowing does not effectively reduce 
litter Enterococcus spp. counts between flocks compared to 
decaking. 

321 Field trial results of an automated egg picking 
robot for commercial broiler breeder flocks. Colin 
Usher*1, Michael Park1, Yu Hang He1; 1Georgia Tech 
Research Institute, Aerospace Transportation Advanced 
Systems Lab Food Processing Technology Division, Atlanta, 
Georgia, United States. 

Researchers at Georgia Tech Research Institute previously 
demonstrated an egg picking robot in a commercial broiler 
breeder house. To demonstrate the viability of this prototype 
as a commercial-ready system, they have benchmarked the 
performance via an extended field test. The goal is to 
demonstrate the commercial readiness of the technology 
and quantify robot performance. A prototype robot was 
operated fully autonomously in a set of field trials in a broiler 
breeder facility. In the first set, the robot was operated with 
researchers observing operation, interfering in the case of 
undesired behavior from the autonomy algorithms. For the 
second set, the robot was operated for varying lengths of 
times unattended. During these times, the ability of the robot 
to operate without intervention was evaluated. The robot 
consists of a COTS chassis fitted with components including 

a CPU, motors and battery management system, a robot 
arm, lidar, 3D camera, and a localization system. Algorithms 
and methods were developed to identify floor eggs and 
enable the robot to approach and pick them. Commercial-
ready functionality was developed including automated 
docking and charging, and a scheduler allowing for timed 
deployment of the robot. For the first set of field trials, the 
robot was operated fully autonomously while being observed 
by the researchers. During this time, egg detection accuracy 
was manually tabulated by observing the presence of floor 
eggs and the robots ability to detect them. The average time 
to pick an egg was also calculated by recording and 
tabulating the time it took the robot to pick the eggs once 
detected. For the second set of trials, the robot was left to 
operate for extended periods of time, utilizing the scheduling 
functionality. During this time, the robot automatically 
executed navigation, docking and charging, and egg picking 
operations. The time between manual interventions was 
logged to establish a baseline for automated activity 
capabilities. Preliminary results indicate a detection 
accuracy of 85%, a pick success rate of 91% and an average 
time to pick of 1 minute. Successful demonstration of 
docking/charging was also observed, but results of extended 
hands-off operation is still pending. In conclusion, the 
researchers deployed a robot capable of autonomously 
navigating a broiler breeder flock and removing floor eggs. A 
high success rate for picking accuracy was observed. 

322 Not Presented. 
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Poster Presentations

323P Not Presented 

324P Microbiota influences the evolution and 
transcriptomic profile of macrophages 
following Eimeria tenella infection. Florian Tomal12, Alix 
Sausset2, Yves Le Vern2, Laura Sedano2, Sonia Lacroix-
Lamandé2, Fabrice Laurent2, Clarisse Techer*1, Anne 
Silvestre2, Françoise Bussière2; 1Mixscience, RID, Bruz, 
France; 2INRAE, UMR ISP, Nouzilly, France. 

Protozoan parasites of Eimeria genus cause coccidiosis, an 
intestinal disease in livestock. Economic losses associated 
to Eimeria infections in chickens were recently reassessed 
to 13 billion dollars per year worldwide. The severity of the 
disease extends from low morbidity to mortality. E. 
tenella, one of the most virulent species, localizes in caeca 
and leads to an inflammatory response. Macrophages are 
mononuclear phagocytic immune cells that play a key role in 
inflammatory diseases. Our objective is to study the 
importance of these cells in the pathophysiology of the 
infection in presence and absence of microbiota. First, we 
estimated their recruitment in caeca by using a flow 
cytometry approach after 3.5, 5.5 and 7 days of infection 
(dpi) using KUL01 (MRC1L-B) antibody that mostly 
recognizes monocytes/macrophages. KUL01 positive cells 
were significantly raised at 5.5 and 7 dpi in conventional 
chickens but not in germ-free chickens (Kruskall-Wallis 
statistical test). Secondly, KUL01 positive cells were sorted 
using Beckman Coulter MoFlo Astrios EQ and their 
transcriptional profile was studied 
using Fluidigm BioMark™ Multiplex Quantitative 
PCR System. Three clusters of gene expression were 
observed. The cluster 1 is constituted of genes in which the 
expression is increased at day 3.5, 5.5 and 7 dpi in 
conventional chickens but not in germ-free chickens. 
Addition of microbiota at 4 dpi in the germ-free chickens 
leads to an increase of the expression of these genes to a 
similar level as in conventional chickens infected for 7 days. 
This suggests that the expression of genes from cluster 1 is 
dependent on the microbiota. Genes from cluster 1 are 
involved in inflammation processes such as the inducible 
Nitric Oxide Synthase 2 (NOS2), the interleukins (IL-6, IL-
1β) and the cyclooxygenase-2 (COX-2). Gene expression 
from cluster 2 raises at 7 dpi, independently of the 
microbiota. Cluster 2 includes genes such as the C-C Motif 
Chemokine Ligand 5 (CCL5), the cytokine interferon-β (IFN-
β) and the interleukin-12p40 (IL-12p40). Finally, gene 
expression from cluster 3 is gradually decreased during the 
infection, independently of the microbiota. Cluster 3 includes 
genes coding for the inflammatory mediator such as Tumor 
Necrosis Factor-α (TNF-α) and two receptors involved in 
apoptotic cell recognition and clearance, T-cell 
Immunoglobulin and Mucin Domain containing 4 (TIMD-4) 
and Myeloid-Epithelial-Reproductive Tyrosine Kinase 
(MERTK). Together, these data provide novel insights into 
the influence of the microbiota on macrophages evolution 
and responses to E. tenella infection. 

325P Effect of red osier dogwood extract on growth 
performance, blood biochemical parameters, and gut 
microbiota of broiler chickens challenged or 
unchallenged intraperitoneally with Salmonella 

Enteritidis lipopolysaccharide. Taiwo J. Erinle2, Janice 
MacIsaac1, Chengbo Yang3, Deborah I. 
Adewole*1; 1Dalhousie University, Animal Science and 
Aquaculture, Truro, Nova Scotia, Canada; 2Dalhousie 
University, Animal Science and Aquaculture, Bible Hill, Nova 
Scotia, Canada; 3The University of Manitoba, Animal 
Science, Winnipeg, Manitoba, Canada. 

As we advance in the search for antibiotic alternatives, 
harnessing plant materials with high total polyphenol 
concentration (TPC) would be quintessential. Given the high 
TPC in red osier dogwood (ROD) extract, the current study 
aimed to determine its efficacy on the growth performance, 
intestinal health, blood biochemistry, and antioxidant 
capacity of broiler chickens. A 21-day 4x2 factorial feeding 
trial was conducted based on two main factors, namely, 
dietary treatments and Salmonella 
Enteritidis Lipopolysaccharides (SE-LPS) challenge. A total 
of 384 one-day-old Cobb-500 broiler chicks were randomly 
allotted to four dietary treatments – Negative control (NC), 
NC+0.05% bacitracin methylene disalicylate (BMD), 
NC+0.3%ROD, and NC+0.5% ROD. Each treatment was 
assigned to eight replicates with six birds/replicate. On d 13 
and 20, half of the birds were intraperitoneally injected with 
1mL phosphate-buffered-saline /kg BW of birds 
(Unchallenged-group) and the remaining half with 1mg SE-
LPS /kg BW of birds (Challenged-group). Average weight 
gain (AWG), average feed intake (AFI), feed conversion ratio 
(FCR), and mortality were determined weekly. On d 21, ten 
chickens/treatment were euthanized for measuring blood 
biochemical parameters, immune organ weights, cecal 
SCFA, and caeca microbiota. Datasets were subjected to 4 
x 2 factorial analysis of variance (ANOVA) using the General 
Linear Model of Minitab software. The SE-LPS decreased 
(P<0.05) AWG and FCR on d 14 and 21, respectively. On d 
14, 21, and overall basis, both ROD extract levels marginally 
improved (P<0.05) the AWG of unchallenged birds 
compared to other treatments in the unchallenged group. 
Challenged and unchallenged birds fed ROD extract had 
deeper (P<0.05) crypt depth (CD) and higher villus height: 
CD, respectively, in the ileum. Globulin (GLB) and 
albumin:GLB were increased and reduced (P<0.05), 
respectively, among birds fed 0.3%ROD compared to other 
treatments. There was no treatment effect on caeca SCFA, 
the relative weight of immune organs, and serum 
antioxidants. Birds fed ROD extract had a higher (P<0.05) 
relative abundance of caecal Lactobacillus and 
Streptococcus genera than the antibiotic treatment. 
Conclusively, incorporating 0.3% and 0.5%ROD extract into 
broiler chickens’ nutrition improved growth performance and 
ileal morphology and modified the cecal microbiota of broiler 
chickens, regardless of the intraperitoneal SE-LPS 
challenge. 

326P Red osier dogwood extract versus Trimethoprim- 
sulfadiazine (Part 1). Effects on the growth performance, 
blood parameters, gut histomorphometry, and 
Salmonella excretion of broiler chickens orally 
challenged with Salmonella Enteritidis. Taiwo J. Erinle2, 
Martine Boulianne3, Deborah I. Adewole*1; 1Dalhousie 
University, Animal Science and Aquaculture, Truro, Nova 
Scotia, Canada; 2Dalhousie University, Animal Science and 
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Aquaculture, Bible Hill, Nova Scotia, Canada; 3Faculté de 
Médecine Vétérinaire, Université de Montréal, Clinical 
Sciences, St. Hyacinthe, Quebec, Canada. 

The poultry industry has not been spared from the prevalent 
incidence of diseases caused by invasive pathogens, 
especially Salmonella. Due to the pressing need to identify 
a suitable antibiotic alternative for use in poultry production, 
this study investigated the efficacy of red osier dogwood 
(ROD) extract on the growth, blood parameters, gut 
morphology and Salmonella excretion in broiler chickens 
orally challenged with Salmonella Enteritidis (SE). A 4×2 
factorial experiment was conducted based on two factors - 
dietary and SE challenge. A total of 404 one-day-old male 
broiler chicks were randomly assigned to four dietary 
treatments; 1) Negative control (NC), 2)NC+0.075ppm of 
Trimethoprim-sulfadiazine (TMP/SDZ) /kg of diet, 
3)NC+0.3%ROD extract, and 4)NC+0.5%ROD extract. The 
absence of SE in the fecal samples obtained from chick 
delivery boxes was confirmed on d 0. On d 1, half of the birds 
were orally gavaged with 0.5mL of phosphate-buffered 
saline each (non-infected group) and the remaining with 
0.5mL of 3.1×105CFU/mL SE (infected group) in all 
treatment groups. Dietary treatments were randomly 
assigned to eight replicate cages at six birds/cage. On 1, 5, 
12, and 18 d post-infection (DPI), cloacal fecal samples were 
collected on the six birds/cage to assess SE excretion. 
Average weight gain (AWG), average feed intake (AFI), feed 
conversion ratio (FCR), and mortality were determined 
weekly. On d 21, ten chickens/treatment were euthanized to 
perform hematology, gut histomorphometry, serum 
immunoglobulins G and M (IgG and IgM) and superoxide 
dismutase measurements. Both ROD extract levels did not 
affect (P>0.05) growth performance; however, the SE-
infected birds showed increased (P<0.05) AFI and FCR 
throughout the experimental period. Regardless of the SE 
infection, both ROD extract levels improved (P<0.05) 
duodenal villus height (VH), crypt depth (CD), and VH:CD 
compared to other treatments. Ileal villus width and CD of 
the noninfected and infected birds were improved (P<0.05) 
by both ROD extract levels; however, only 0.3%ROD extract 
increased VH:CD compared to other treatments. The SE-
infected birds showed lower (P<0.05) lymphocytes (L) but 
increased (P<0.05) heterophils (H), H:L, and monocytes 
(MON). Both ROD extract levels did not affect (P>0.05) white 
blood cell differential, while dietary 0.3%ROD extract 
increased (P<0.05) leukocytes and MON of the infected 
birds. Similar to the control, the IgM of SE-infected birds was 
highest (P<0.05) in birds fed 0.3%ROD extract compared to 
other treatments. Conclusively, both ROD extract levels 
sustained growth performance indices, duodenal 
histomorphology, and body defence against SE infection in 
broiler chickens; however, the 0.3%ROD extract was better. 

327P Red osier dogwood extract versus Trimethoprim-
sulfadiazine (Part 2). Pharmacodynamic effects on ileal 
and cecal microbiota of broiler chickens challenged 
orally with Salmonella Enteritidis. Taiwo J. Erinle2, 
Martine Boulianne3, Deborah I. Adewole*1; 1Dalhousie 
University, Animal Science and Aquaculture, Truro, Nova 
Scotia, Canada; 2Dalhousie University, Animal Science and 
Aquaculture, Bible Hill, Nova Scotia, Canada; 3Faculté de 
Médecine Vétérinaire, Université de Montréal, Clinical 
Sciences, St. Hyacinthe, Quebec, Canada. 

With the existing restrictions on the use of antibiotics in 
poultry production, the use of plant extracts has shown some 
promising antimicrobial capacity similar to antibiotics. Given 
the potential antimicrobial potential of red osier dogwood 
(ROD) extract, the study aimed to investigate the 
pharmacodynamic effect of ROD extract on the ileal and 
cecal microbiota of broiler chickens challenged orally with 
Salmonella Enteritidis (SE). A 21d 4×2 factorial experiment 
was conducted based on two main factors - diet and SE 
challenge. A total of 384 one-day-old Cobb-500 broiler 
chicks were randomly allotted to four dietary treatments; 
Negative control (NC), NC+0.075mg Trimethoprim-
sulfadiazine (TMP/SDZ) /kg of diet, and NC containing either 
0.3% or 0.5% ROD extract. On d 1, half of the birds were 
orally challenged with 0.5 mL of phosphate-buffered saline 
(non-infected group) and the remaining half with 0.5 mL of 
3.1×105 CFU/mL SE (infected group). In each group, dietary 
treatments were randomly assigned to eight replicate cages 
at six birds/cage. On d 21, ten birds/treatment were 
euthanized and eviscerated to collect ileal and cecal digesta 
for gut microbiota analysis using 16S rRNA amplicon 
sequencing targeting the V3-V4 region. The analysis of 
microbiota data was conducted using the Microbiome Helper 
pipeline based on Quantitative Insights Into Microbial 
Ecology 2 (QIIME 2). Amplicon sequence variants were 
created with Deblur. The dataset was subjected to analysis 
of variance (ANOVA) using a General Linear Model of 
Minitab LLC (2019) software. The Phyla Firmicutes, 
Proteobacteria, and Actinobacteriota dominated the ileal and 
cecal microbiota. The SE infection decreased (P<0.05) the 
relative abundance of Proteobacteria and Actinobacteriota in 
the ileum and ceca, respectively. However, SE infection 
increased (P<0.05) Proteobacteria in the ceca. Both 0.3% 
and 0.5% ROD extracts (P<0.05) depressed the relative 
abundance of Actinobacteriota in the ileum but marginally 
improved (P<0.05) it in the ceca compared to the TMP/SDZ 
treatment. Dietary TMP/SDZ increased (P<0.05) genus 
Bifidobacterium at the ileal and cecal segments compared to 
other treatments. Dietary 0.3% and 0.5% marginally 
improved (P<0.05) Bifidobacterium in the ceca and 
depressed (P<0.05) Weissella and was comparably similar 
to TMP/SDZ in the ileum. Regardless of the dietary 
treatments and SE infection, alpha diversity differed 
(P<0.05) between ileal and cecal microbiota. Beta diversity 
was distinct (P<0.05) in both ileal and cecal digesta along 
the SE infection model. Conclusively, both ROD extract 
levels yielded a pharmacodynamic effect similar to 
antibiotics on ileal and cecal microbiota. 

328P Use of compound probiotics in drinking water 
could improve the growth performance, nutrient 
utilization and economic benefits in broilers. Ying Y. 
Qi*1, jia Hou1, Li Zhe1, Muhammad Umar Yaqoob12, Peng 
Wu1, Xiangde Zhu1, Zhefeng Li1; 1King Techina, Provincial 
Key Agricultural Enterprise Research Institute, Hangzhou, 
Zhejiang, China; 2Zhejiang University, College of Animal 
Science, Hangzhou, Zhejiang, China. 

Probiotics could be defined as beneficial microorganisms 
that naturally inhibit in the body of animals, and their use has 
become a research hotspot because of their several 
beneficials effects. The existing reports are mainly focus on 
the use of probiotics through feed, and limited data is 
available on using probiotics through drinking water. 
Therefore, this study was conducted to investigate the 
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effects of compound probiotics (Lactobacillu (106 CFU/g) 
and Bacillus subtilis (106 CFU/g); King Techina Group, 
China) supplemented to drinking water on the growth 
performance and nutrient utilization of broilers (Arbor acres). 
A total of 120, 000 day-old chicks were randomly divided into 
2 treatments with 3 replicates per treatment and 20, 000 
broilers per replicate. Control group was provided with 
simple water without any supplementation while 250 g of 
compound probiotics were added to 1 ton of drinking water 
of the treatment group. Probiotics were supplemented to 
drinking water just for ten days (17-27day), and feeding trail 
was lasted for 40 days. All birds were fed on the same diet 
without supplementation of probiotics and the growth 
performance were measured at the end of this experiment. 
The fecal samples were taken on day 30, and the apparent 
utilization of dry matter, energy and crude protein were 
measured by acid insoluble-acid method. The data were 
analyzed by two-sample T test using SAS 16.0. Results are 
presented as least squares means and pooled standard 
errors, with P < 0.05 indicating a significant difference. In the 
overall period, results showed as follows: 1) Compared to 
control group, the feed to gain ratio of broilers in the 
compound probiotics group was significantly reduced by 
0.03 (P < 0.05), and the mortality of broilers showed a trend 
of decreasing by 0.88% (P=0.07). The total body weight and 
average daily gain of broilers in compound probiotics group 
were numerically higher than those in control group by 42 g 
and 1.05 g, respectively (P > 0.05). 2) Compared to control 
group, the crude protein utilization rate in the compound 
probiotics group was significantly increased by 2.26% (P < 
0.05), while the dry matter and energy utilization rate were 
increased numerically by 0.87% and 1.03%, respectively 
(P > 0.05). 3) In compound probiotics group, the European 
Efficiency Index was increased by 13, the gross profit per 
broiler increased by 0.07 $, and the input-output ratio was 
1:24. In conclusion, the use of 250 g compound probiotics 
per 1 ton of drinking water can improve the growth 
performance and nutrient utilization of broilers and increase 
the economic benefits without antibiotics. 

329P Litter amendments differentially modulate trace 
metal concentrations and norepinephrine in the broiler 
chicken gut. Joshua M. Lyte*1, Valentina Caputi1, Kelsey 
Anderson1, Karrie Daniels2, Mark Lyte2, Philip 
Moore1; 1USDA-ARS Poultry Production and Product Safety 
Research Unit, Fayetteville, Arkansas, United States; 2Iowa 
State University, Veterinary Microbiology and Preventive 
Medicine, Ames, Iowa, United States. 

Liquid and dry acids, such as aluminum sulfate (alum), are 
often added to poultry litter as amendments to reduce 
ammonia emissions. Although chickens regularly consume 
their litter, it is unknown if litter amendments impact trace 
metal concentrations in the gut lumen that are relevant in 
host-microbe interactions. It is critical to understand if litter 
amendments affect the intestinal homeostasis of metal 
concentrations that are required by bacterial pathogens for 
growth. The present study sought to determine whether 
different litter amendments affect gut luminal concentrations 
of aluminum, copper, manganese, zinc, nickel, and iron, as 
well as norepinephrine, a neurochemical that mediates 
bacterial iron acquisition. Male broiler chicks were randomly 
divided into pens containing poultry litter with no litter 
amendment (control) or treated with 1) 200lbs alum/1,000 
ft2, 2) 200lbs alum/1,000 ft2 + 5lbs Ca nanoparticles/1,000ft2, 
3) 200lbs NaHSO4/1,000ft2, 4) 200lbs alum mud litter 

amendment (AMLA)/1,000 ft2, or 5) 200lbs NaHSO4/1,000 
ft2 + 5lbs Ca nanoparticles/1,000 ft2 according to a 
randomized block design with four replications per 
treatment. All birds were maintained under otherwise 
standard conditions. At 3 and 6 weeks of age, chickens were 
euthanized for tissue collection (n=12 chickens/group/age). 
Total metal concentrations in ileal contents were determined 
using inductively coupled plasma optical emission 
spectroscopy. Norepinephrine concentrations in ileal tissue 
were determined using ultra-high performance liquid 
chromatography with electrochemical detection. Datasets 
were analyzed using two-way ANOVA with Tukey posthoc 
test. At 3 weeks of age, aluminum concentrations of ileal 
contents were elevated (p<0.05) in birds raised on alum 
amendment compared to control. Iron was higher (p<0.05) 
in the alum group at 6 weeks of age compared to the control 
group. Copper, manganese, nickel, and zinc concentrations 
were not (p>0.05) different compared to the control group. 
Litter amendments altered (p<0.05) norepinephrine 
concentrations in ileal tissue of 6 weeks of age but not 3 
weeks of age birds compared to controls. At 6 weeks of age, 
alum and AMLA groups had greater (p<0.05) ileal tissue 
norepinephrine concentrations compared to the control 
group. Although litter amendments like alum do not affect the 
aluminum content of poultry meat, the aluminum, iron, and 
norepinephrine concentrations in the ileum were affected by 
the type of litter amendment. These findings warrant future 
studies that seek to leverage environmental drivers of metal 
homeostasis in the chicken gut to potentially modulate 
microbial growth. 

330P Bacterial xylanase improves intestinal health, 
nutrient digestibility, and growth performance of broiler 
chickens fed energy reduced diets and undergoing an 
intestinal challenge. Mariana Lemos de Moraes*1, Marcia 
de Souza Vieira1, Heitor Rios1, Thais Bastos Stefanello1, 
Boudry Christelle2, Raquel Sanz García2, Yuri Katagiri 
Dalmoro3, Ludovic Lahaye1, Catarina Stefanello3; 1Jefo, 
Saint-Hyacinthe, Quebec, Canada; 2Belfeed NV, , Andenne, 
Belgium; 3Federal University of Santa Maria, Animal 
Sciences, Santa Maria, , Brazil. 

Bacterial xylanases produce important amounts of 
arabinoxylo-oligossacharides (AXOS) that can be used by 
beneficial microbiota enhancing intestinal health. A study 
was conducted to evaluate the effects of a bacterial xylanase 
on growth performance, nutrient digestibility, and intestinal 
health of broilers undergoing an intestinal challenge. A total 
of 900 one-day-old Cobb 500 chicks were randomly 
assigned to 30 floor pens (30 birds/pen, 10 pens/treatment). 
Broilers were fed corn-SBM diets formulated as follows: T1: 
control diet (CT); T2: energy reduction diet (ER); and T3: ER 
+ 100 g/t of a Bacillus subtilis xylanase (ER+XYL). 
Metabolizable energy reductions on ER diets were 
calculated according to the arabinoxylan content of each 
diet, being: 80, 82, 87, and 92 kcal/kg for pre-starter, starter, 
grower, and finisher, respectively. All birds were challenged 
on d 1 with a coccidial vaccine 10× the regular dose and 
with C. perfringens on d 12, 13, and 14 to induce a dysbiosis. 
Feed intake, body weight gain (BWG), and feed conversion 
ratio (FCR) were evaluated weekly. At 17d, one bird/pen was 
orally gavaged with fluorescein-isothiocyanate dextran 
(FITC-d) and blood samples were collected to evaluate 
intestinal integrity. Ileal digestible energy (IDE), dry matter 
(DM), crude protein (CP) and short chain fatty acids (SCFA) 
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concentrations were evaluated at 21 and 42d using four 
birds/pen. Data were submitted to ANOVA and means 
compared by Fisher test (P<0.05, significance; 
0.05≤P<0.10, tendency; XLSTAT software). At 42d, broilers 
fed ER+XYL had a BWG similar to CT and 5% higher than 
broilers fed the ER diet (P<0.05). The FCR of broilers fed 
ER+XYL and CT tended to improve 4% when compared to 
those fed ER (P<0.10). Xylanase added in the ER diet 
increased (P<0.05) IDE by 9% and 4% at 21 and 42d, 
respectively, being similar to CT. The DM digestibility in 
ER+XYL diet was 8.3% and 4.8% higher than ER and, 5.4% 
and 2.9% higher than CT (P<0.05) at 21 and 42d, 
respectively. At 42d, the CP digestibility was 2.8% higher 
(P<0.05) for ER+XYL compared to ER, being similar to CT. 
Birds fed ER+XYL had the lowest (P<0.05) level of FITC-d 
in the blood, which is related to better intestinal integrity. 
Concentrations of acetic, propionic and butyric acids (SCFA) 
were greater (P<0.05) at 21d for ER+XYL and CT when 
compared to ER. At 42d, propionic acid was greater 
(P<0.05) for CT and ER+XYL when compared to ER. A 
higher SCFA concentration can be related to a better 
intestinal health. In conclusion, the supplementation of a 
bacterial xylanase on corn-SBM diets with reduced energy 
offers a new strategy to improve growth performance, 
nutrient digestibility, and intestinal health of broiler chickens. 

331P Effects of acidification of drinking water on the pH 
of water and crop content and growth performance of 
broiler chickens. Tuoying Ao*1, Elizabeth P. Meza1, 
Anthony Pescatore1, Daniel Graugnard1, Rebecca Delles1, 
Mike Ford1, Sunday Adedokun1, Ronan Power1; 1Alltech-
University of Kentucky Nutrition Research Alliance, 
Lexington, Kentucky, United States. 

Acidification of drinking water and addition of lactic acid 
bacteria have been indicated as an effective way to reduce 
the pH of water and crop content quickly to favor activity of 
acid-producing bacteria and growth performance of broiler 
chickens. Acid-Pak 4-Way® (Alltech Inc., Nicholasville, KY) 
is a biological acidifier of drinking water containing organic 
acid, beneficial bacteria, enzymes and electrolytes. A study 
was conducted to investigate the effect of acidifying drinking 
water by using Acid-Pak 4-Way® on the pH of water and crop 
content and growth performance of broiler chickens. A total 
of 325 1-day old chicks were randomly assigned to two 
treatments with either regular water source or water with the 
addition of 0.2% Acid-Pak 4-Way®. The acidified water was 
supplied to chicks from day 1 to day 5, then one day per 
week until the end of trial. Eight replicate pens of 22 chicks 
were raised in floor pens. The chickens in both groups were 
raised in the same room with environmentally controlled 
conditions and free access to feed and water. Data were 
subjected to ANOVA for a randomized complete block 
design using the linear model of Statistix V. 9. Mean 
differences were determined using Fisher’s LSD test. 
Chickens on acidified water had higher (P<0.05) body weight 
gain (686.7 vs. 624.7 g) and feed intake (1076 vs. 1009 g) in 
starting period (d1-21) and higher (P<0.05) body weight gain 
(2604 vs. 2499 g) and feed intake (4485 vs. 4259 g) in entire 
growing period (d1-42) compared to those provided regular 
water. Acidification of water resulted in lower (P<0.05) pH 
value of water (3.45 vs. 7.35) and crop content of chickens 
(4.78 vs. 5.01) compared with regular water. The equal water 
consumption of chickens from both groups were observed in 
42d growing period. Data from this trial indicates that 

acidification of drinking water using Acid-Pak 4-Way® can 
result in lower pH value of water and crop content and 
improve growth performance of broiler chickens. 

332P Zeiosis of Leukocytes in the Context of Fungal 
Infections of Blood. Paul Cotter*1; 1Cotter laboratory, 
Research, Arlington, Massachusetts, United States. 

The fungus Hemomycetes avium (Ha) a likely Ascomycete, 
is widely distributed in poultry but not widely known. It was 
first described in the blood of a caged hen. Since that 
time, Ha has also been detected in blood and tissues from 
ducks and turkeys. When in blood, Ha is accompanied by 
atypical hemograms. Zeiosis, cell membrane “boiling” 
commonly accompanies fungal infection. Here 
the objective is to describe this atypical cytologic behavior 
(zeiosis) of plasmacytes (PC) and other lymphocytes found 
along with Ha and other fungi. The method/design is a light 
microscopic study of blood and bone marrow sampled from 
commercial broilers, specific pathogen free (SPF) chickens, 
lame ducks, and turkeys; stained with Wright-Giemsa. 
The results: yeast-like cells found in the blood of a lame 
duckling were accompanied by toxic heterophils and 
primitive lymphoid cells displaying zeiosis. These budding 
forms resemble either Mucor sp. or Blastomyces sp. both 
known as invasive fungi. A pair of hyphae likely 
from Ochroconis gallopava, a litter fungus was in the same 
blood sample. Ha was also in blood from an experimental 
SPF chickens accompanied by reactive medium sized 
lymphocytes (Lm) displaying zeiosis. Two views of Ha as it 
appears in duckling blood illustrate its potential for 
dimorphism. In both examples the Ha mycelia have 
engaged bacteria to form a polymicrobial colony. Bacteria, 
often found in the company of blood fungi, are an additional 
source of toxins a likely source of the atypical cytology. 
In conclusion the evidence illustrates the diversity of fungi 
seen in poultry blood, and zeiosis of lymphocytes in fungal 
infection. Significance. As few descriptions of avian blood 
fungi exist these observations expand the knowledge of 
mycology of avians. Given the importance of mycotoxins, 
products of fungal metabolism, these observations of zeiosis 
in the context of blood infections, should be of interest to 
hematologists, mycologists, nutritionists, and pathologists 
concerned with the successful cultivation of poultry. 

333P Perches as warming devices for reducing cold 
stress in caged laying hens. Yuechi Fu1, Jiaying Hu1, 
Heng-wei Cheng*2; 1Purdue University, Department of 
Animal Sciences, West Lafayette, Indiana, United 
States; 2Livestock Behavior Research Unit, USDA-ARS, 
West Lafayette, Indiana, United States. 

Cold temperature is a common environmental stressor that 
induces pathophysiological disorders in birds with profound 
economic losses. Current methods used for preventing cold 
stress, such as reducing ventilation and using gas heaters, 
are facing challenges due to poor indoor air quality and 
related deleterious effects on bird and caretaker health. The 
aim of this study was to examine if the novel designed 
warmed perch system, as a thermal device, can reduce cold 
stress-associated adverse effects on laying hens. Seventy-
two 32-week-old DeKalb hens were randomly assigned to 36 
cages arranged to 3 banks. The banks were assigned to 1 
of 3 treatments: cages with warmed perches (WP; perches 
with circulating water at 30°C), air perches (AP, regular 
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perches only), or no perches (NP) for a 21-d trial. The room 
temperature was set at 10°C during the entire experimental 
period. Rectal temperature and body weight were measured 
from the same bird of each cage at d 1, 8, 15, and 21 during 
the cold exposure. Egg production was recorded daily. Feed 
intake, egg and eggshell quality were determined during the 
1st and 3rd wk of cold stress. Plasma levels of 
corticosterone, thyroid hormones (T3, 3, 3', 5-
triiodothyronine and T4, thyroxine), and cytokines 
(interleukin (IL)-6 and IL-10), were determined after 1 d and 
21 d of cold exposure. The data were analyzed using PROC 
MIXED repeated measures and one-way ANOVA, 
respectively. Significant statistical differences were reported 
when P ≤ 0.05, and a trend was reported when 0.05 < P ≤ 
0.1. Compared to both AP and NP hens, WP hens were able 
to maintain their body temperature without increasing feed 
intake and losing BW. The eggs from WP hens had thicker 
eggshells during the 3rd wk of cold exposure. WP hens also 
had a lower thyroxine conversion rate (T3/T4) at d 1, while 
higher plasma concentrations of IL-6 at d 21. Plasma levels 
of corticosterone, T3, and IL-10 were not different among 
treatments. Our results indicate that the warmed perch 
system can be used as a novel thermal device for preventing 
cold stress-induced negative effects on hen health and 
welfare through regulating immunity and metabolic hormonal 
homeostasis. 

334P Calibrin®-Z decreases the effects of T-2 toxin in 
broilers. LeAnn Johnston1, Eduardo Baggio1, San 
Ching*1; 1Amlan International, Chicago, Illinois, United 
States. 

A total of 180 one-day-old male broiler chicks (Cobb 500) 
with an average weight of 44.67 grams was used in a 21-day 
experiment to evaluate the effect of Calibrin-Z on chicks fed 
a diet contaminated with T-2 Toxin. Calibrin-Z (Amlan 
International, Chicago, IL) is a calcium montmorillonite that 
has been shown to bind toxins. The experiment was 
conducted as a completely randomized design with 3 
treatments in 6 replicate pens per treatment and 10 birds in 
each pen. Statistical analysis was conducted using the 
Student’s T-test in JMP software version 15.0. Statistical 
significance was set at P < 0.05. The treatments were: 1) 
Unchallenged Control; 2) Challenged Control with 2 ppm T-
2 Toxin; and 3) 2 ppm T-2 Toxin with 0.5% dietary Calibrin-
Z. Chicks had ad libitum access to feed and water. The diet 
was corn-soybean meal-based and formulated according to 
requirements in the Cobb Broiler Management Guide. No 
aflatoxins, deoxynivalenol, diacetoxyscirpenol, fumonisins, 
ochratoxin A, T- 2 Toxin or zearalenone were detected when 
raw materials were screened. The T-2 Toxin used (82% T-2 
Toxin, 18% HT-2 Toxin) was produced by Fusarium 
sporotrichioides fungi. Birds fed T-2 Toxin with Calibrin-Z 
had higher 21 d BW than birds fed diets with T-2 Toxin alone 
(P < 0.05), 750 g vs 713 g, while the unchallenged control 
was not different than either, with 748 g of body weight 
(Control vs Challenged Control; P = 0.06). There was no 
difference in feed intake at d 21 between the three 
treatments (P > 0.05). Feed conversion ratio followed the 
same pattern as body weight with a significant difference 
(P < 0.05) between the challenged treatment and the 
challenged diet with Calibrin-Z added, with feed: gain ratios 
of 1.585 and 1.503, respectively. Blood was collected on d 
21 and serum was analyzed for total protein and 
malondialdehyde. There was no difference between 

treatments for either serum total protein or malondialdehyde 
(P > 0.05). Relative liver weight was higher (P < 0.05) in the 
challenged control, 3.33%, compared to the unchallenged 
control, 2.84%, or the challenged birds fed Calibrin-Z, 
2.96%. The relative liver weights of the unchallenged control 
and the challenged birds fed Calibrin-Z were not different, 
(P > 0.05). In conclusion, adding Calibrin-Z to a diet 
containing T-2 Toxin improved weight gain, feed conversion, 
and relative liver weight compared to the challenged control. 

335P Not Presented. 

336P Field Report: The effect of an all-natural blend of 
yeast complex carbohydrates and yeast culture 
metabolites on Salmonella prevalence and load in 
commercial broiler breeders. Theresia Lavergne*1; 
1Natural Biologics, Newfield, New York, United States. 

Provilli (Natural Biologics, Newfield, NY) is an all-natural 
blend of yeast complex carbohydrates and concentrated 
yeast culture derived from Saccharomyces 
cerevisiae. Yeast derived complex carbohydrates have been 
well-documented in the scientific literature as a means of 
reducing Salmonella prevalence and load in all types and 
phases of commercial poultry production. This study was 
conducted to determine the effect Provilli on the prevalence 
and load of Salmonella in commercial broiler breeders. 
Baseline Salmonella prevalence and load (enumeration by 
Most Probable Number; MPN) were determined for hens in 
two broiler breeder flocks. Fifteen cloacal swabs were 
collected per flock. Then, Provilli was included in diets at a 
rate of 100 g/MT for the next six months in each flock. After 
three months and six months of feeding Provilli, cloacal 
swabs were collected from 15 randomly selected broiler 
breeder hens in each flock for determination 
of Salmonella load and Salmonella prevalence. The same 
two flocks were sampled at each sampling point, and the 
hens were randomly selected from each flock at each 
sampling point. The swabs were analyzed by a commercial 
laboratory for Salmonella presence or absence, and positive 
samples were enumerated. During this trial, Flock 1 was 25 
to 51 weeks of age, and Flock 2 was 24 to 50 weeks of age. 
Flock 1 had 46.67% (7 of 15) of the swabs positive 
for Salmonella at the baseline sampling, and 13.33% (2 of 
15) positive swabs at both three months and six months. 
Flock 1 had an average Salmonella load of 5.9E+00 MPN 
for the baseline samples, 2.1E+00 MPN for the samples at 
three months, and 3.32E+00 MPN for the samples at six 
months. Flock 2 had 60% (9 of 15) of the swabs positive 
for Salmonella at the baseline sampling, and 0% positive 
swabs at both three and six months. The 
average Salmonella load was 3.62E+01 MPN for the 
baseline swabs and 0 MPN for the swabs at both three and 
six months. Inclusion of Provilli in broiler breeder diets may 
reduce both Salmonella prevalence and load in a flock. 

337P Predicting digestible phosphorus in broiler 
chicken diets supplemented with exogenous 
phytase. Jung Yeol Sung*1, Olayiwola Adeola1; 1Purdue 
University, West Lafayette, Indiana, United States. 

The first objective of the present study was to develop an 
equation for predicting ileal digestible phosphorus (P) based 
on total P, non-phytate P, phytate P, calcium to non-phytate 
P ratio, and exogenous phytase concentrations in broiler 
chicken diets. The second objective was to evaluate the 
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accuracy of the generated prediction model using values in 
published literature. A total of 454 observations from 57 
publications were employed to develop equations for 
predicting digestible P concentration in broiler chicken diets. 
In the 454 observations, total dietary P ranged from 2.4 to 
9.3 g/kg, non-phytate P ranged from 0.7 to 5.6 g/kg, phytate-
P ranged from 1.4 to 6.3 g/kg, calcium to non-phytate P ratio 
ranged from 0.33 to 8.00, and supplemental phytase ranged 
from 0 to 2,000 phytase unit/kg (as-fed basis). Ileal digestible 
P concentration was positively correlated with total P (r = 
0.68), non-phytate P (r = 0.60), phytate P (r = 0.33), and 
exogenous phytase concentrations (r = 0.25) but negatively 
correlated with calcium to non-phytate P ratio (r = −0.37). Of 
the modified Michaelis–Menten, quadratic, and exponential 
models generated, the modified Michaelis–Menten model 
had the lowest Akaike information criterion and was the most 
accurate for predicting ileal digestible P [ileal digestible P = 
0.6781 + 0.5092 × non-phytate P + 0.2553 × phytate P + 
0.4888 × (phytase ÷ 608.74) ÷ (1 + phytase ÷ 608.74) × 
phytate P − 0.05208 × Ca to non-phytate P]. To evaluate the 
accuracy of the modified Michaelis-Menten model, two 
different methods were used to analyze 25 recently 
published ileal digestible P data, which were not used to 
generate the model. The first method involved conducting a 
regression analysis to assess mean and linear bias, with a 
nonsignificant bias for a model that effectively represents the 
data. However, the statistical analysis showed that while the 
mean bias was significant (P < 0.05), the linear bias was not 
significant. The second method involved regressing the 25 
ileal digestible P data against those estimated by the current 
model. The results showed that the intercept and slope of 
the regression line were not statistically different from 0 and 
1, respectively. This suggests that the current equation 
accurately represents the test data. In conclusion, the 
accuracy of the model depends on validation processes. 
However, it is important to acknowledge that the current 
model was developed using various phytase products. 
Therefore, it would be preferable to use an equation that is 
based on a single phytase product if requisite quantity of 
data is available. 

338P Guanidinoacetic acid (GAA) feeding supplement 
reduces the risk to develop breast muscle myopathies 
and improves meat quality of broiler chickens. Jonathan 
Dayan*2, Francesca Soglia1, Massimiliano Petracci1, Orna 
Halevy2, Zehava Uni2; 1Department of Agricultural and Food 
Sciences, Alma Mater Studiorum - University of Bologna, 
Piazza Goidanich, 60, 47521 Cesena, Italy, Cesena, 
Italy; 2Department of Animal Science, The Robert H. Smith 
Faculty of Agriculture, Food and Environment, The Hebrew 
University of Jerusalem, Rehovot 7610001, Israel, Rehovot, 
Israel. 

The global demand for chicken breast meat along with the 
increase in the occurrence of breast muscle myopathies 
(BMM) [namely, white striping (WS), wooden breast (WB), 
and spaghetti meat (SM)], highlight the need in finding 
solutions that will improve the quality of poultry meat while 
maintaining the high productivity of broilers. Guanidinoacetic 
acid (GAA), a precursor of creatine, is a commonly used feed 
additive that has been shown to be beneficial for the 
performance of broilers with high body and pectoral muscle 
weights. Moreover, creatine is suggested as a beneficial 
feed additive for human myopathy patients by improving 
muscle mass, strength, endurance, and by lowering calcium 

levels, antioxidant effects, and reducing apoptosis of 
myofibers. This study followed the growth performance, 
meat quality traits and risk ratio for breast muscle 
myopathies development in broilers assigned to 2 dietary 
treatments: sGAA group, which included birds fed with 
0.06% GAA supplement (on top of their basal diet) and 
control group which included birds fed with basal diet only. 
For that, 360 male broilers (Ross308) were reared from day 
of hatch until day 43 in an experimental facility with ad libitum 
access to water and feed. A 3-phase feeding program was 
used (starter: 0-14 d; grower: 15-28 d; and finisher: 29-
slaughtering). Data of BMM were analyzed with the 
Pearson’s chi-squared test with the sampled animal as the 
experimental unit, using the epiR package (‘R’ software). 
Confidence interval of 95% and the Pearson’s test were 
used to test the significance of the incidence risk ratio. Data 
of performance and meat quality parameters were subjected 
to one way ANOVA analysis, differences were evaluated 
using Student’s t-test and considered significant with P-
value ≤ 0.05. Our results show that while the treatments did 
not differ significantly in productive performance (body 
weight, daily weight gain, daily feed intake, feed conversion 
ratio and slaughter yields), a remarkable beneficial effect of 
GAA was observed on the incidence of breast muscle 
myopathies. The risk of sGAA group to develop SM 
myopathy was 30% lower compared to the control (P = 0.03) 
and the risk of developing WS myopathy was 12% lower 
(trend). As for acceptability rate, a trend was shown, with 
22% lower probability for downgraded fillet in sGAA group 
compared to control group. Finally, measurements of meat 
quality showed that drip loss percentage was significantly 
lower in sGAA group (1.78% vs. 2.48% in the control, P = 
0.02). Together, our results show that inclusion of 0.06% 
GAA in feed does not impair performance, while improves 
some meat quality traits and provides benefits on breast 
muscle myopathies occurrence in broilers. 

339P Detecting cage-free hens bumblefoot with deep 
learning models Ramesh B. Bist*1, Xiao Yang1, Sachin 
Subedi1, Lilong Chai1; 1University of Georgia, Department of 
Poultry Science, Athens, Georgia, United States. 

Bumblefoot is a bacterial infection and chronic inflammatory 
reaction in a bird's foot that causes pain and stress, making 
it difficult for them to walk and perch, restricting their access 
to feeders and drinkers. The stress in hens is detrimental to 
their welfare. However, it is technically challenging to 
monitor hens with bumblefoot. No automatic methods have 
been applied to track hens' bumblefoot, especially the early 
bumblefoot detection (BFD) in the cage-free (CF) housing 
system, which is expected to be the dominant egg 
production system in North America and Europe Union. This 
study aimed to develop and test bumblefoot using deep 
learning and evaluate their performance in BFD under 
various settings (e.g., epochs, batch size, & camera height). 
The performance of three newly developed YOLOv5-BFD 
models (i.e., YOLOv5s-BFD, YOLOv5m-BFD, & YOLOv5x-
BFD) was compared in detecting hens with bumblefoot. A 
dataset of 2200 images (i.e., 1540 for training, 440 for 
validation, and 220 for testing) was generated from 3 weeks 
of video recording to analyze the bumblefoot detection in 
Hyline W36 birds (48-50 weeks of age). The datasets were 
trained with the YOLOv5 model using the virtual clouding 
system provided by Oracle Cloud Infrastructure. Statistical 
analysis was conducted using one-way ANOVA, and means 



 

2023 PSA Annual Meeting Abstracts 159 
 

were separated using Tukey HSD methods (P<0.05) to 
determine significant differences between predicted BFD 
and actual BFD under various models, batch sizes, and 
epochs. The result shows that the YOLOv5m-BFD model 
had the highest precision (93.7%), recall (84.6%), 
mAP@0.50 (90.9%), mAP@0.50:0.95 (51.8%), and F1-
score (89.0%) compared with other models. Among several 
batch sizes used, a batch size of 16 resulted in a higher 
performance based on performance metrics. In addition, the 
epoch of 100 had the overall best performance with higher 
recall (86.9%). Thus, the observed YOLOv5m-BFD model 
trained at 100 epochs and batch size 16 is acceptable for 
detecting BFD with 720 Hy-Line W-36 hens. This study is 
critical for developing a commercial system in cage-free 
houses. 

340P Waterless Plasma Treatment for the Safety of 
Shell Eggs. Urvi Shah*1, Deepti Salvi1; 1North Carolina 
State University, Food, Bioprocessing, and Nutrition 
Sciences, Raleigh, North Carolina, United States. 

The U.S. Food and Drug Administration (FDA) estimates that 
79,000 cases of foodborne illness and 30 deaths each year 
are caused by eating eggs contaminated with Salmonella. 
The massive recalls of shell eggs due to frequent outbreaks 
are accompanied by substantial economic losses to the 
industry. Our current study investigates the efficacy of a 
novel technology plasma in sanitizing shell egg surfaces. 
Plasma, the fourth state of matter, is an ionized gas 
produced by applying high electrical energy. The reactive 
species generated by plasma have been shown to inactivate 
pathogens and spoilage organisms in various environments. 
We hypothesized that waterless plasma treatment of 
inoculated shell eggs will inactivate the microorganisms. A 
plasma jet with compressed air as a feed gas was used to 
produce plasma at high velocity through a rotating nozzle (> 
2000 rpm). Eggs spot inoculated with avirulent 
strain Salmonella Typhimurium MHM112 or nalidixic acid 
resistant Klebsiella aerogenes B199A were treated with 
plasma for various times with eggs kept at various distances 
from the plasma nozzle. Our preliminary results indicate a 
treatment at a distance of 2 cm for 3 min provided a 
reduction of 3.4 ± 0.64 log per egg for K. aerogenes. A 
higher distance of 3 cm for eggs inoculated with K. 
aerogenes and S. Typhimurium treated for 3 min gave a 
reduction of 2.5 ± 1.1 log per egg and 2.2 ± 0.5 log per egg 
respectively. A statistical analysis using student t-test for the 
2 distances (2 cm and 3 cm) tested for K. 
aerogenes inoculated eggs indicate no significant difference 
at p<0.05. This indicates that type of organism plays an 
important role in the efficacy of plasma system. Studies are 
currently conducted to evaluate higher and lower distances 
on both organisms. Our future plans are to evaluate the 
quality characteristics of shell eggs post-plasma treatment. 
Plasma can be a new sustainable technology to replace the 
existing washing system in the United States with a gas-
based system to improve the safety of shell eggs. This 
technology has shown promise in the reduction of target 
microorganisms but needs optimization. Plasma technology 
has the potential to sanitize eggs and reduce water and 
chemical usage. 

341P Effects of LED light flicker on turkey hen health to 
11 weeks of age. April E. Hammond*1, Trever Crowe2, 
Kailyn Buchynski1, Tory Shynkaruk3, Jennifer Brown1, Karen 

Schwean-Lardner4; 1University of Saskatchewan, Animal 
and Poultry Science, Saskatoon, Saskatchewan, Canada; 
2University of Saskatchewan, Mechanical Engineering, 
Saskatoon, Saskatchewan, Canada; 3University of 
Saskatchewan, Animal and Poultry Science, Saskatoon, 
Saskatchewan, Canada; 4University of Saskatchewan, 
Animal and Poultry Science, Saskatoon, Saskatchewan, 
Canada. 

This study was conducted to examine the effects of flicker in 
white LED light on the health of Nicholas select turkey hens 
reared to 11 weeks of age. The experiment was designed as 
a randomized complete block design with trial (n=2) as the 
blocking factor and analyzed as a one-way factorial analysis. 
For each trial, birds were raised in 9 light-tight rooms (364 
birds/room) each randomly assigned to one of three distinct 
flicker treatments (30, 90, 195 Hz). Photoperiods started at 
23L:1D (hours light:hours dark) and gradually decreased to 
18L:6D from 0-9d with darkness provided in one continuous 
period. Light intensity started at 40 lux and gradually 
decreased to 10 lux during the first 9d. Rooms (6.7m x 10m) 
contained 4 drinker lines (3 cups/line) and 12 tube feeders. 
Birds were fed ad libitum commercial diets. Measured health 
parameters at 10wk included feather cleanliness (score 
1=very clean, 4=very dirty), feather condition (score 1=no 
feather cover, 4=full intact plumage), footpad score (score 
0=no lesion, 4=more than ½ necrotic footpad), and mobility 
(gait score 0=no impairment, 5=complete lameness). At 
11wk, ocular weight and shape and litter quality (score 
0=completely dry and flaky, 4=sticks into wet ball) were 
assessed. All data were analyzed using Proc Mixed (SAS 
9.4). When necessary, data were log+1 transformed, and 
block was removed if not significant. Means separation was 
conducted using Tukey’s range test when differences were 
significant (P<0.05). A higher frequency of very clean (score 
1) birds were found when reared under 90 Hz compared to 
195 Hz (P=0.0303), and when scores were averaged, birds 
reared under 90 Hz were cleaner than those reared under 
the 195 Hz treatment (P=0.0209). Feather condition was not 
influenced by light flicker frequency. There were more 
scores of 0 (no lesions) for footpad dermatitis in the 90 Hz 
treatment compared to the other treatments (P=0.0113), 
resulting in an overall average footpad score that was lower 
for hens reared under 90 Hz (P=0.0207). Light flicker did not 
affect mobility. For the ocular measures, dorsoventral 
diameter and anterior posterior size were both largest in the 
30 Hz treatment and smallest in the 195 Hz treatment 
(P=0.0459 and P=0.0325, respectively) Ocular weight and 
litter quality were not influenced by light flicker. Overall, the 
intermediate flicker frequency (90 Hz) resulted in better 
footpad health and feather cleanliness compared to the low 
and high frequencies (30 and 195 Hz). Ocular shape was 
also influenced by light flicker, however we have no 
indication of a negative effect of this change. The gap in 
research regarding the impact of light flicker on ocular 
growth and vision could be a future area of research. 

342P Quantification of eggshell bacterial reduction by 
UVC and chemical disinfection methods. Jack Tieberg*1, 
Curtis Leyk1, Aaron B. Stephan1; 1ONCE INC, Plymouth, 
Minnesota, United States. 

Fertile eggs are often contaminated with bacteria, which can 
reduce hatchability and chick quality. Two methods for 
disinfection of eggs include chemical disinfectants or 
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Ultraviolet C (UVC) light. Germicidal UVC light of 254 nm is 
effective at killing microorganisms such as viruses and 
bacteria. The objective of this study was to determine the 
baseline bacterial contamination levels of non-disinfected 
eggs laid in nest boxes (“nest eggs”) and eggs laid on the 
floor (“floor eggs”) and to compare bacterial reduction 
between chemical disinfection and disinfection using UVC. 
Eggs were sourced from commercial Hy-line W-36 layer 
hens (aged 84 weeks) as a proxy for breeder eggs and were 
housed in a research pen setting that includes nest boxes 
and perches. Forty eggs were harvested from nest boxes 
and 40 from the floor (n=80). The experimental design was 
completely randomized with a 2x2x2 factorial arrangement 
consisting of 2 levels of egg source (nest or floor), 2 levels 
of UVC treatment (yes or no) and 2 levels of chemical 
disinfection (yes or no). Ten eggs were tested for each 
factor/level combination (n = 10). All eggs were treated in the 
following groups. 1) No treatment (control); 2) 5-minute UVC 
exposure; 3) Chemical disinfection with Clorox wipes 4) 
Chemical disinfection and a 5-minute UVC exposure. 
Following treatment, eggs were washed with sterile 
Phosphate Buffered Saline (PBS, Invitrogen) and a 10x 
dilution series was plated on non-selective Tryptic Soy Agar 
plates (TSA, Sigma Aldrich). Colonies were counted and a 
3-way analysis of variance (R 4.2.3) showed significant 
differences in egg source (p <0.001 ), UVC treatment (p < 
0.001 ), and chemical treatment (p < 0.001) but no 
interactions between egg source and UVC treatment 
(p>0.05), egg source and chemical treatment (p>0.05), or 
UVC treatment and chemical treatment (p>0.05). Eggs 
collected from the floor had on average 76 times more 
bacteria compared to eggs collected in nest boxes. UVC 
irradiation of nest eggs resulted in a 1.41 log10 reduction of 
eggshell bacteria. Chemical disinfection of nest eggs 
resulted in a 2.19 log10 reduction, and combined UVC plus 
chemical disinfection of nest eggs resulted in a 3.10 
log10 reduction showing an additive effect. UVC irradiation of 
floor eggs resulted in a 1.32 log10 reduction of eggshell 
bacteria. Chemical disinfection of floor eggs resulted in a 
2.11 log10 reduction, and combined UVC plus chemical 
disinfection of floor eggs resulted in a 3.52 log10 reduction. 
Factoring in fixed costs and labor the UVC disinfection is 
estimated to cost $0.057/dz and chemical disinfection is 
$1.45/dz. These results may guide a breeder on the most 
cost-effective approach to disinfecting fertile eggs for 
hatching. 

343P Broiler jejunal microbial communities were 
variably impacted by dietary anti-IL-10 during challenge 
with a Salmonella Typhimurium- Eimeria maxima- 
Clostridium perfringens co-infection model. Krysten 
Fries-Craft*1, Chiron J. Anderson1,2, Stephan Schmitz-
Esser1,2, Elizabeth A. Bobeck3; 1Iowa State University, 
Animal Science, Ames, Iowa, United States; 2Iowa State 
University, Interdepartmental Microbiology Program, Ames, 
Iowa, United States; 3Iowa State University, Animal Science, 
Ames, Iowa, United States. 

During Eimeria spp. infection, dietary anti-interleukin (IL)-10 
may protect bird health by allowing host immune functions; 
however, concurrent effects on the intestinal microbiota and 
downstream impacts on necrotic enteritis due to 
secondary Clostridium perfringens (CP) are not well-
established. Necrotic enteritis is challenging to model in 
research settings, but d0 inoculation 

with Salmonella Typhimurium (ST) may produce a 
repeatable infection. The study objective was to evaluate the 
effect of dietary anti-IL-10 on jejunal microbial communities 
during coccidiosis and necrotic enteritis challenge in broilers 
inoculated with d0 ST. Two replicate studies using 640 Ross 
308 broilers placed in 32 wire-floor cages at hatch (20 
chicks/cage) and assigned to basal diet ± 0.03% anti-IL-10 
for 25d were conducted. Chicks assigned to challenge 
groups were inoculated with 1×108 colony forming units 
(CFU) ST on d0 and 15,000 sporulated Eimeria maxima M6 
oocysts on d14. Half the Eimeria-challenged chicks received 
1×108 CFU CP on d18 and 19. Six chicks/group were 
euthanized to collect jejunal contents at baseline (d14), 7 
and 11d post-inoculation (pi) with E. maxima, and 3 and 7dpi 
with secondary CP for 16S rRNA gene amplicon 
sequencing. Sequences were quality screened in Mothur 
(v.1.48.0), clustered into de novo operational taxonomic 
units at 99% similarity, and assigned taxonomy using the 
SILVA database (v.138). Alpha diversity measures were 
analyzed in R (v.4.2.3) and log-transformed relative 
abundances were analyzed in SAS 9.4 with fixed effects of 
replicate, diet, challenge, timepoint, and associated 
interactions (P ≤0.05). Neither diet nor challenge impacted 
alpha diversity throughout the study, but Salmonella-
inoculated chicks in replicate 2 had greater baseline 
observed alpha diversity in replicate 1 vs. replicate 2 
(P=0.02). At 7dpi with E. maxima or 3dpi with secondary CP, 
OTU58 associated with potentially 
beneficial Sellimonas was undetectable in E. maxima-
challenged chicks or detectable but unaffected by diet in 
chicks that received secondary CP. At the same timepoint in 
replicate 2, Sellimonas OTU58 was undetectable in all 
chicks, but was increased 11.6-fold at 7dpi with secondary 
CP in anti-IL-10-fed chicks compared to control-fed 
counterparts (P=0.008). Streptococcus OTU14, a genus 
associated with opportunistic pathogens, was reduced 18.5-
fold in E. maxima-challenged chicks fed anti-IL-10 at 7dpi vs. 
control in replicate 1 (P<0.0001), but minimally detectable in 
replicate 2. These outcomes may indicate anti-IL-10 benefits 
on reducing opportunistic pathogen-associated genera 
abundance during E. maxima challenge but also emphasize 
the challenges of investigating OTU-level changes between 
groups of birds. 

344P The growth performance response of broiler 
chickens challenged with coccidiosis and receiving 
reduced-protein diets was not influenced by partly 
replacing SBM with alternative protein 
feedstuffs. Oluyinka Olukosi1, Adeleye Ajao1, Bhargavi 
Kasireddy*1; 1University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States. 

This 42-d experiment investigated whether the growth 
performance response of broiler chickens receiving 
reduced-protein (RCP) diets and challenged with coccidiosis 
was influenced by partly replacing soybean meal (SBM) with 
alternative plant protein feedstuffs. A total of 1,176 male 
chicks received an adequate protein (ACP) starter diet from 
d 0 to 8. On d 8, the birds were allocated to 4 diets in a 
randomized complete block design. These were a corn-SBM 
ACP diet, corn-SBM RCP diet (RCP-SBM), RCP diet with 80 
g/kg canola meal (RCP-CM), or RCP diet with 100g/kg 
cDDGS (RCP-cDDGS). All the RCP diets had 30 g/kg 
protein below the ACP diets in their respective phases (but 
similar standardized digestible amino acids and dEB). On d 
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15, each diet was further divided into two groups (with or 
without mixed Eimeria spp. challenge) for a total of 8 
treatments (2×4 factorial), and 7 replicates each. Birds and 
feed were weighed on d 8, 14, 21, 28, and 42. A gut 
permeability test was done for one randomly selected 
bird/replicate on d 21 (6 d post-challenge) using FITC-
dextran. Caecal content on d 42 were analyzed for short-
chain fatty acids (SCFA) profile. In the pre-challenge phase 
(d 8 to 14), birds receiving the RCP-CM diet had lower 
weight gain than the ACP diet (P < 0.05). During the active 
Eimeria infection (0 to 7 d post-challenge), there was a 
significant diet × cocci (P < 0.05) where the feed intake was 
greater for birds receiving ACP than other treatments in non-
challenged groups. In the challenged groups, birds receiving 
RCP-CM and RCP-cDDGS had greater (P < 0.05) feed 
intake than ACP and RCP-SBM diets. The challenged group 
had lower weight gain and higher FCR (P < 0.05) during this 
period. There was no diet × challenge on the overall (d 8 to 
42) growth performance. The overall weight gain and d 42 
body weight tended to be greater (P < 0.10) for ACP than 
the other treatments. During this period, Eimeria-challenged 
birds had lower weight gain and greater FCR (P < 0.05). The 
gut permeability test on d 21 (6 d post-challenge) showed no 
significant diet effect. There was significant diet × cocci (P < 
0.05) for isobutyrate and isovalerate (P < 0.05) with no diet 
effect in the unchallenged group, whereas in the challenged 
group, RCP-CM had lower (P < 0.05) isobutyrate than ACP 
diet; and both RCP-SBM and RCP-CM treatments had lower 
(P < 0.05) isovalerate than ACP. The challenged group had 
lower (P < 0.05) acetate and butyrate than the non-
challenged group. It was concluded that partly replacing 
SBM with CM or cDDGS did not significantly impact growth 
performance during an Eimeria challenge. However, the 
lower content of branched-chain SCFA in diets with RCP-
SBM and RCP-CM have positive gut health implications. 

345P Effect of age and delivery matrix on the 
preferences of broiler chickens for umami taste 
compounds. Francisca A. Díaz-Avilés1, Geraldine Muñoz1, 
Victoria A. Philp1, Paloma Cordero1, Sergio A. Guzmán-
Pino*1; 1Universidad de Chile, Santiago, Metropolitana, 
Chile. 

Comprehending the gustatory preferences of broiler 
chickens regarding different types of sapid compounds can 
lead to higher palatability of feeds, which may improve feed 
intake and performance at different stages of the birds’ 
productive cycle. The objective of this study was to assess 
the effect of chickens’ age and delivery matrix on the 
gustatory preference of broilers for two umami taste 
compounds. A total of 96 one-day-old male broiler chickens 
(Ross 308) were used in two equal trials with 48 chickens 
each. The experimental period lasted 42 days. Chickens 
were randomly assigned to a 2 x 2 factorial design 
considering two age groups (initial, days 7-23/final, days 26-
42) and two delivery matrix of compounds (water/ground 
wheat). Umami taste compounds used for evaluations were 
MSG (1, 75, 150, 300 mM) and L-Lysine (0.1, 1, 3.5, 7%). 
The preference for these compounds was determined by 
calculating the percentual contribution of each compound x 
concentration consumption over the total consumption 
(compound x concentration plus neutral option), reflected in 
decreases in the contents of drinkers/feeders after 2-4-8 
hours post-offering. Consumption values were adjusted to 
the metabolic weight of birds on different days. Each 

compound x concentration preference porcentage was later 
compared to the neutral value of preference (50%) through 
Student's t-test by using Rstudio. Chickens in the initial stage 
showed significant preference values for MSG at 150 mM (4-
8h, p<0.001) and 300 mM (2-4h, p<0.001) in water matrix. A 
significant preference for Lysine 7% (4-8h, p<0.001) was 
also observed on ground-wheat matrix. Aversion was shown 
for Lysine 1%, 3.5% and 7% (2h, p<0.001). On the other 
hand, chickens in the final stage showed preference for 
Lysine 0.1% (4-8h, p=0.01) and aversion for Lysine 7% (8h, 
p=0.003) on water matrix. Aversive behavior was also 
observed for MSG 1 mM (2h, p=0.008) and 75 mM (2-4h, 
p<0.001), as well as Lysine 7% (2h, p<0.001) on ground-
wheat matrix. It is concluded that the preferences of broiler 
chickens for umami taste compounds such as MSG and 
Lysine are influenced by age and delivery matrix. Initial stage 
chickens tended to show more significant preferences for 
MSG at higher concentrations. Final stage chickens showed 
more aversive behavior than did initial birds. Regarding the 
delivery matrix, more significant preferences were observed 
on water rather than ground-wheat matrix. 

346P The effect of a natural liquid smoke extract on the 
growth performance and gastrointestinal microbiota of 
broilers under subacute necrotic enteritis challenge. Tri 
Duong*1, Brett Lumpkins2, Tommi Timoharju3, Teemu 
Rinttila3, Mark Van Der Bleek1, Sara Llamas Moya1; 1Kerry 
Taste and Nutrition, Beloit, Wisconsin, United 
States; 2Southern Poultry Feed & Research, Inc., Athens, 
Georgia, United States; 3Alimetrics Diagnostics, Espoo, 
Finland. 

Necrotic enteritis (NE), with an estimated annual cost of 6 
billion USD to the global poultry industry, is a multifactorial 
disease associated with an over-growth of Clostridium 
perfringens. Although it has been managed traditionally 
using antibiotics, regulatory and consumer pressures have 
increased the need to develop non-antibiotic interventions to 
mitigate effects of NE in poultry production. Liquid smoke is 
a mixture of carbonyl, phenolic, and organic acid compounds 
generated during pyrolysis of hard woods. The natural 
antimicrobial, antioxidant, anti-inflammatory, and other 
beneficial activities of liquid smoke extracts suggest 
potential in promoting health and growth performance of 
poultry. In this study, we evaluated the effect of a natural 
liquid smoke extract (SMOKE) on the growth performance 
and gastrointestinal (GI) microbiota of broilers in a subacute 
co-infection model of NE. Day-old male broiler chicks 
(n=1,950) were allocated randomly to 3 treatment groups 
with 13 replicate pens of 50 birds arranged as a randomized 
complete block design. Broilers were fed untreated (UNT) 
feed or feed treated with either bacitracin methylene 
disalicylate (BMD, 50 g/ton) or SMOKE (200 g/ton), and NE 
was induced experimentally using co-infection 
with Eimeria spp. and C. perfringens. Growth performance 
was evaluated through 42 d post-hatch. Ileal specimens (3 
birds/pen) were collected at 21 d post-hatch. Ileal tissues 
were used for histomorphometry, whereas GI microbiota and 
short-chain fatty acids (SCFA) were analyzed from ileal 
contents using quantitative real-time PCR and gas 
chromatography, respectively. All data were analyzed using 
ANOVA. Body weight, BWG, and FCR of broilers fed 
SMOKE or BMD-treated feed were significantly improved as 
compared to the UNT group through 42 d (P<0.01). Although 
the effect was not significant, ileal villus height:crypt depth 
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ratio tended to be greater when broilers were treated using 
SMOKE as compared to the other treatments 
(P<0.1). Lactobacillus spp. were reduced when broilers 
were administered BMD as compared to the other 
treatments (P<0.001) with no difference being observed 
between the UNT and SMOKE treated animals. However, 
lactate and total SCFA concentrations were significantly 
greater in SMOKE-treated broilers when compared to the 
other treatments (P<0.001), suggesting that SMOKE had a 
stimulatory effect on bacterial lactate production regardless 
of the effect on counts of Lactobacillus spp. Overall, these 
results suggest administration of the natural liquid smoke 
extract described in our study may potentially be used as a 
non-antibiotic intervention to mitigate the performance 
reducing effects of necrotic enteritis in broiler chickens. 

347P The effect of eicosapentaenoic acid (EPA) intake 
from fish oil on health, performance, and immune 
responses to LPS challenge in laying hens. Shengnan 
Li*1, Mingyan Jing2, Zhongyang Wan2, Maryna Plaksii1, 
Shusheng Zhao2, Harold Aukema2,3, James 
House1,2,4; 1University of Manitoba, Department of Animal 
Science, Winnipeg, Manitoba, Canada; 2University of 
Manitoba, Department of Food and Human Nutritional 
Sciences, Winnipeg, Manitoba, Canada; 3St. Boniface 
Research Centre, Canadian Centre for Agri-Food Research 
in Health and Medicine, Winnipeg, Manitoba, 
Canada; 4University of Manitoba, Richardson Centre for 
Food Technology and Research, Winnipeg, Manitoba, 
Canada. 

Fish oil is one of the feed additives for the diet of laying hens 
and it contains high level of EPA. However, knowledge as to 
whether supplementation of fish oil in the diet can make a 
difference to the birds’ immune responses is limited. In this 
study, we hypothesized that inclusion of fish oil, a source of 
EPA, can modulate immune responses when administrated 
with lipopolysaccharide (LPS). The study was designed to 
determine the potential nutritional and health benefits to 
laying hens when receiving a fish oil supplemented diet. The 
study was designed as a Completely Randomized Design. A 
total of 24 forty-week-old Dekalb white laying hens were 
randomly assigned to 1 of 2 treatment diets (12 
hens/treatment): Control (0%) or 2.5% fish oil (source of 
EPA) after 2-week adaptation. Following a 6-week feeding 
period, the birds in each treatment were challenged with 
either Escherichia coli (E. coli)-derived LPS (8 mg/kg; i.v. 
injection; n=6) or saline (n=6), with terminal sample 
collection 2 hours post-challenge. Egg yolk, plasma and liver 
samples were collected for further analyses. All data were 
analyzed by two-way ANOVA with a 2 × 2 factorial 
arrangement, using the MIXED procedure of SAS. The 
Shapiro-Wilk test was used for assessing normal 
distribution. All data were presented as least squares means 
(LSM) ± SE, adjusted using Tukey’s test to compare for 
significant differences (P < 0.05). Dietary supplementation 
with 2.5% fish oil significantly increased levels of total and 
individual (α-linolenic acid (ALA), EPA, docosapentaenoic 
acid (DPA) and docosahexaenoic acid (DHA)) omega-3 
polyunsaturated fatty acids (PUFA) in egg yolk and 
decreased total and individual (linoleic acid (LA) and 
arachidonic acid (ARA)) omega-6 PUFA. Additionally, the 
ratio of omega-6 to omega-3 PUFA and ARA in both liver 
and plasma decreased with 2.5% fish oil in the diet. LPS 
increased EPA, DPA, DHA and total omega-3 PUFA 

deposition in plasma, and subsequently increased the EPA- 
and DPA-derived oxylipins in the fish oil treatment compared 
to the control. DHA-derived oxylipins were increased with 
the fish oil treatment without LPS challenge. Furthermore, 
LPS induced the mRNA expression of TNF-α and INF-γ in 
spleen. These results revealed that an EPA-enriched fish oil 
diet positively influenced fatty acid deposition in yolk, liver 
and plasma, and regulated EPA-derived oxylipin levels when 
subjected to a LPS challenge in laying hens. 

348P Investigating the underlying mechanisms of the 
impact of an Aspergillus oryzae postbiotic on laying 
hens. Yvonne Seidler2, Cesar E. Ocasio-Vega1, Chris 
Cassady*1, Ignacio R. Ipharraguerre2, Gerald 
Rimbach2; 1BioZyme Inc., St. Joseph, Missouri, United 
States; 2Christian-Albrechts-Universität, Institute of Human 
Nutrition and Food Science, Kiel, Germany. 

Dietary supplementation with a postbiotic of Aspergillus 
oryzae (AOP) has been documented to improve egg 
production and the performance of layers, resulting in 
increased egg mass and decreased mortality rates. The 
mode of action of postbiotics probably entails several 
mechanistic components, including (1) modulation of 
resident microbiota, (2) enhancement of epithelial barrier 
function, (3) modulation of immune responses, (4) 
modulation of systemic metabolic responses, and (5) 
systemic signaling via the nervous system. Previous cell 
culture experiments have demonstrated that AOP exhibits 
immune-modulatory activity. The current study aimed to 
investigate the mechanisms underlying layer responses to 
dietary supplementation with AOP. At 15 weeks of age, 216 
Lohmann Brown Classic hens were assigned to either a 
control diet (CTL) or CTL + 50 g AOP/t of feed (36 pens of 6 
animals/pen = 18 replication/treatment). Plasma samples 
and caecal swabs were taken at 49, 57, and 65 weeks of age 
and the left femur and eggshells were collected at 65 weeks 
of age. The plasma concentrations of glucose, triglyceride, 
protein, and cholesterol, and the activity of hepatic enzymes 
were measured. The mineral contents of plasma, femur, and 
eggshell samples were determined by ICP-MS. Sequencing 
of the 16S rRNA gene was conducted for microbiome 
analysis. Circulating metabolites and mineral status in 
plasma were analyzed using ANOVA, femur and eggshell 
data were analyzed using Student's t-test, and microbiota 
results were analyzed using a negative binomial mixed 
model. The eggshell mineral contents, plasma, and femur 
were not affected by AOP, suggesting that the increased egg 
mass (P < 0.05; de Juan et al. 2022) is not attributable to an 
improved mineral status. At all sampling points, plasma 
concentrations of metabolites remained unaltered by the 
feeding of AOP. Additionally, AOP did not affect α- or β-
diversity of caecal microbiota. However, dietary 
supplementation with AOP increased the abundance 
of Butyricicoccaceae (P=0.009) and Prevotellaceae 
(P=0.048) at week 65. Both bacteria families are butyrate-
producers known to be negatively associated with gut 
inflammation. Finally, dietary supplementation with AOP 
mitigated the elevation of the liver markers GPT (P = 0.044) 
and GOT (P = 0.13) in plasma at week 65. These data 
suggest that AOP protects the liver from aging layers 
Based on the absence of major changes in mineral status, 
circulating metabolites as well as gut microbiota along with 
the improvement in hepatic enzymes and previous findings 
showing activation of TLR2, TLR4, and Dectin1A by AOP, it 
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is reasonable to hypothesize that the beneficial effect of this 
postbiotic on layers may involve modulation of the immune 
system. 

349P Improving broiler performance and gut health 
upon a necrotic enteritis challenge with a double 
encapsulated solution of phytogenics, phycogenics and 
organic acids. Stephanie Ladirat*1, Brett Lumpkins2, Greg 
F. Mathis2; 1NUQO, Annecy, France; 2Southern Poultry, 
Atlanta, Georgia, United States. 

In the context of antibiotic free production, nutritionists are 
searching for new natural solutions in order to prevent 
necrotic enteritis (NE) occurrence. In this trial, the effects of 
a natural double encapsulated solution on the performance 
and gut health of broiler chickens challenged with NE was 
studied. Day-old male Cobb 500 (n=1,400) were randomly 
assigned to 28 pens (50 birds/pen). There were 4 
treatments: 1. non-infected non-treated control (NC); 2. 
infected non-treated control (PC); 3. infected and treated 
group with 55ppm bacitracin methylene disalicylate (BMD); 
4. infected and treated group with 500ppm NUQO© SAFE 
(NUQO©, FR), a double encapsulated solution containing 
encapsulated organic acids at the core and encapsulated 
plant extracts and algae meal on the outer layer. 
Experimental feed (d1-14, d15-28, d29-35) were prepared 
from a corn-soy basal feed. On d 0, all chicks were sprayed 
with a commercial coccidia vaccine at recommended dose. 
On days 19, 20 and 21, all pens, except NC, were 
challenged with a broth culture 
of Clostridium perfringens (field isolate known to cause NE). 
Fresh inoculum (approximately 1.0x108-9 CFUs) was used 
each day and administered by mixing into the feed. The bird 
feed intake and body weight were measured at d 0, 14, 28 
and 35. Mortality was recorded daily. Oocyst count per gram 
faecal material was estimated per pen by collected fresh 
faeces on d 21. Lesion scoring was estimated on d 21 on 3 
birds per pen using a scoring system from 0 to 3, 0 being 
normal and 3 being most severe. Data was analysed using 
one-way ANOVA and post-hoc Tukey test with Statistix 10.0 
(Analytica Software, Tallahassee, FL) and differences were 
considered significant at P≤0.05. On the overall period (d1-
35), PC had a lower performance (BWG & FCR) than NC 
(P≤0.05), showing that the challenge was successful. NQ 
had a higher BWG than PC (P≤0.05) and reached a similar 
level as NC. NQ also had a better FCR than any other 
treatments (P≤0.05). BMD showed intermediate efficiency, 
with a limited effect on BWG (P>0.05) but an improved FCR 
(P≤0.05) as compared with PC. Regarding health, oocyst 
counts were similar in all treatments (P>0.05), showing no 
negative effects of NQ or BMD on the commercial vaccine. 
NE mortality was of 3% with no significant differences among 
the infected treatments. Regarding NE lesion scores, PC 
had a worse score than NC (P≤0.05), albeit mild (1 on the 
scale of 0 to 3). NQ and BMD improved lesion scores as 
compared with PC but not significantly (P>0.05). These 
results indicate that the double encapsulated solution can 
improve performance of birds challenged with NE and can 
be used as a tool to prevent economical losses due to (sub-
clinical) NE conditions on the farm. 

350P Influence of sampling time and age on calcium 
and phosphate transporters in broiler chickens 
receiving diets with adequate or reduced calcium and 
phosphorus levels and graded levels of 

phytase. Shravani Veluri*1, Oluyinka Olukosi2, Carrie L. 
Walk3; 1The University of Georgia, Poultry Science, Athens, 
Georgia, United States; 2University of Georgia, Poultry 
Science, Athens, Georgia, United States; 3DSM Nutritional 
Products, UK, Heanor, United Kingdom. 

Two experiments (Exp. 1, 11d, and Exp. 2, 24d) were 
conducted to study dynamics in the jejunal expression of Ca 
and P transporters in broiler chickens receiving different 
levels of Ca and P with or without phytase at different ages. 
Cobb 500 male chicks (N = 600) were used for each 
experiment. The birds were allocated to 60 cages (10 
birds/cage, Exp. 1) or 120 cages (5 birds/cage, Exp. 2). Each 
treatment had 10 or 20 replicates (Exp. 1 or 2, respectively). 
A total of 6 diets were arranged in a 3 × 2 factorial with 
phytase (PHY) at 0, 300, or 3000 FYT/kg and Ca and P 
levels as standard (STD) and LOW. The LOW diets had 
0.61% Ca and 0.18% nPP (Expt. 1) or 0.51% Ca and 0.16% 
nPP (Expt. 2). The STD diet had 0.87% Ca and 0.26% nPP 
(Expt. 1) or 0.77 and 0.23% nPP (Expt. 2). Experimental 
feeds were provided in the last 4 days for each experiment, 
and jejunal tissue was collected at 12, 48, and 72h after birds 
started receiving experimental diets. In Expt. 1, phytase 
tended to reduce expression of the P transporter (NPT1) 
mRNA, but only in the LOW diet with no effect in the STD 
diet (diet × PHY, P = 0.06) and only at 12h. There were no 
treatment effects for NPT1 at 48 and 72h or for Ca 
transporter (ATP2B1) at 12, 48, and 72h. At 12h, there was 
a diet × PHY (P < 0.05) for mRNA expression of Ca 
transporter (CaSR) with no phytase effect in the STD diet but 
lower mRNA expression with phytase supplementation of 
the LOW diet. At 48 and 72h, CaSR expression was lower 
(P < 0.05) for broilers receiving the STD diet. In addition, 
3000 FYT/kg PHY decreased (P < 0.05) CaSR expression 
after 72h. In Expt. 2, there were no treatment effects for 
NPT1 mRNA at 12h; however, there was diet × PHY at 48 
and 72h (P ≤ 0.05). At 48h, 3000 FYT/kg PHY decreased (P 
< 0.05) mRNA expression of NTP1 in the STD diet but had 
the opposite effect in the LOW diet (P < 0.05). At 72h, there 
was no PHY effect on NPT1 in the STD diet, but 300 FYT/kg 
PHY tended to increase NPT1 mRNA in the LOW diet. At 
12h, 3000 FYT/kg PHY group and birds receiving the STD 
diet tended (P < 0.10) to have higher mRNA expression of 
ATP2B1. There was diet × PHY (P < 0.05) for mRNA 
expression of ATP2B1 at 48h period; the 300 FYT/kg PHY 
group tended to have lower (P < 0.10) mRNA expression in 
STD diet but a lower (P < 0.05) expression in the LOW diet. 
In conclusion, the relative mRNA expression of the 
phosphate transporter was marginally influenced by 
treatment or sampling time in younger birds, contrary to the 
observation for Ca transporters. An opposite effect was 
observed in the older birds. The transporters respond to the 
jejunal presence of the minerals and may partly explain the 
absorption dynamics of the minerals in response to diet 
manipulations. 

351P Water characteristics in the broiler Pectoralis 
during postmortem aging and storage. Hong Zhuang*1, 
Janghan Choi21, Brian Bowker1, Jeff Buhr1, Woo K. Kim2, 
Byungwhi Kong1; 1USDA-ARS, US National Poultry 
Research Center, Athens, Georgia, United 
States; 2University of Georgia, Poultry Science, Athens, 
Georgia, United States. 
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The objective of this study was to investigate changes in 
water characteristics (i.e. mobility and distribution) within the 
broiler Pectoralis during conversion of muscle to meat (< 6 h 
postmortem) and postmortem storage (up to 7 days). Breast 
fillets (n = 2) were removed from carcasses within 5 min after 
bleeding and placed in ice. Water characteristics were 
determined by measuring T2 relaxation in intact fillets using 
a Bruker 1H LF-NMR 90II system at the postmortem times of 
0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 7, 9, 24, 72, 120, and 168 h. Data 
analyses were carried out using SAS general linear model 
(PROC GLM) for ANOVA and SAS correlation model (PROC 
CORR) for Pearson correlation coefficients. Tukey’s 
standardized range test was used for mean separations. 
Results from T2 distributed analysis show three typical water 
populations with average relaxation times of average 5 ms 
for hydration water (T2b), 42 ms for the intra-myofibrillar 
water (T21), and >100 ms for the extra-myofibrillar water 
(T22). During the early postmortem phase (< 24 h), the 
T22 consisted of two components, one with average T2 = 148 
ms (T22a) and one with T2 = 378 ms (T22b). However, only 
one component (T2 = 148 ms) was noted at the end of 
storage. Overall, relaxation times of T2b and T22b and portion 
of T22b (P22b) decreased with increased postmortem time (P 
< 0.05); however, relaxation time of T21 and portions of 
T2b and T21 (P2b and P21, respectively) increased during the 
conversion of muscle to meat (< 24h, P < 0.05). There was 
a very strong negative correlation between P21 and P22b (r = 
-0.97, P < 0.0001), indicating that a loss of the 
extramyofibrillar water is accompanied by a gain in the 
intramyofibrillar water during the meat conversation and 
storage. The repeated experiments demonstrated similar 
results. Findings reveal that water characteristics change 
both quantitatively and qualitatively postmortem and the 
changes vary with the T2 relaxation parameter. Water 
mobility decreases in the hydration and extra-myofibrillar 
water (5 to 168 h) and increases in the intra-myofibrillar 
water (0.5 to 5 h); however, the relative water proportions 
(P22a + P22b) decrease in the extra-myofibrillar water (0.5 to 
168 h) but increase in the hydration (24 to 168 h) and intra-
myofibrillar water (0.5 to 168 h) postmortem. Data also 
indicate a water exchange between the intra- and extra-
myofibrillar compartments (0.5 to 24 h). We hypothesize that 
the water with a longer relaxation time (or higher mobility) in 
T22 moves into the intra-myofibrillar compartment from the 
extra-myofibrillar compartment during the early postmortem 
aging (0.5 to 24 h) in broiler breast meat. Further 
investigations are warranted to test this hypothesis. 

352P Egg production, egg quality, and physiological 
responses of laying hens exposed to low 
temperature. Da-Hye Kim*1, Ju-Yong Song1, Jina Park1, 
Byung-Yeon Kwon1, Kyung-Woo Lee1; 1Konkuk University, 
Seoul, Korea (the Republic of). 

The study investigated the effects of cold stress on egg 
production, egg quality, body temperature (rectal and 
surface), malondialdehyde in yolk, and corticosterone in yolk 
in laying hens. A total of 40 laying hens (Hy-line Brown), 36 
weeks old, were used in this study. Birds were housed 
individually in the cage (41 × 37 × 40 cm) equipped with 
nipples and a trough-type feeder. The birds were randomly 
divided into two temperature-controlled rooms with 10 
replicates in a completely randomized design. Two 
temperature regimes were designed for cold stress (12 ± 4.5 
°C) and normal conditions (24 ± 3 °C), and the average 

ambient relative humidity inside the room was 40 ± 4%. All 
data were analyzed using the paired t-test procedure of SAS. 
Cold stress significantly increased the body weight, feed 
intake, and feed conversion ratio of laying hens compared 
with laying hens raised at normal temperature conditions (P 
< 0.05). However, egg production and egg mass were not 
affected by cold stress (P > 0.05). There was no difference 
among temperature treatment groups for rectal temperature 
(P > 0.05), while the chickens exposed to cold stress 
decreased head surface temperature, breast surface 
temperature, and leg surface temperature compared with 
laying hens raised at normal temperature conditions (P < 
0.05). Cold stress significantly increased the yolk color and 
eggshell strength of laying hens compared with laying hens 
raised at normal temperature conditions (P < 0.05). 
However, there were no significant differences in egg 
weight, Haugh unit, shell thickness, and eggshell color 
between laying hens exposed to cold stress and those 
exposed to normal conditions (P > 0.05). Malondialdehyde 
concentrations in yolk were increased in cold-stress-
exposed laying hens compared with laying hens in normal 
temperature conditions on day 7 (P = 0.04). There was no 
difference among temperature treatment groups for 
corticosterone concentration in yolk (P > 0.05). In 
conclusion, cold stress did not influence stress responses as 
manifested by constant yolk corticosterone concentrations, 
but altered malondialdehyde levels. Further in-depth studies 
are warranted to disclose the mechanisms underlying the 
disrupted oxidative stress in laying hens subjected to cold 
stress. 

353P Heat stress induces regional-dependent 
modulation of aquaporin 4 expression in the enteric 
nervous system of broiler chickens. Valentina Caputi*1, 
Tyler Bacon1, Komala Arsi1, Palmy R. Jesudhasan1, Annie 
M. Donoghue1, Joshua M. Lyte1; 1USDA-ARS Poultry 
Production and Product Safety Research Unit, Fayetteville, 
Arkansas, United States. 

Aquaporin 4 (AQP4) water channels expressed in nervous 
and immune cells of the enteric nervous system (ENS) 
regulate water and solute transport, facilitating the clearance 
of waste away from the ENS and providing the gut wall a 
barrier against pathogenic infections. Heat stress (HS) 
severely affects broiler chicken gastrointestinal system 
increasing the susceptibility to bacterial foodborne pathogen 
colonization. The effect of HS on the expression of 
aquaporins in the ENS of broiler chickens is unknown, and 
this represents a novel research approach for reducing 
foodborne pathogens in poultry by investigating the 
mechanisms of stress-induced perturbations of intestinal 
neuroimmune barriers. Therefore, the present study 
evaluates the effect of HS on AQP4 expression in the ENS 
of broiler chickens. Male broiler chicks were randomly 
divided into control or HS groups, placed in pens, and kept 
under standard environmental conditions. At 6 weeks of age, 
a 12-h daily cyclic HS (35°C) was applied to the HS group 
for either 1 day or 6 consecutive days, whereas control 
chickens were kept under standard age-appropriate 
conditions. HS and control birds were euthanized after 1 or 
6 days of HS. Cecum and ileum tissues were collected and 
fixed in 4% paraformaldehyde and subjected to 
immunohistochemical analyses. The expression of AQP4, 
glial fibrillary acidic protein (GFAP; marker for enteric glia), 
and HuC/D (marker for enteric neurons) was determined by 
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immunohistochemistry and confocal microscopy in frozen 
sections of ileum and cecum. Data were analyzed using two-
way ANOVA with Tukey posthoc test. AQP4+ and GFAP+ 
immunostaining were markedly increased (p<0.05) in the 
submucosal and myenteric ganglia of 1-day and 6-days HS 
chicken ileum compared to relative controls. In the cecum of 
1-day and 6-days HS chickens, the density of GFAP+ 
processes was significantly higher (p<0.05) compared to 
controls. No changes in AQP4 expression and distribution 
were observed within the ENS of 1-day HS chicken cecum. 
In contrast, a significant reduction (p<0.05) in AQP4 
immunoreactivity was found in myenteric and submucosal 
ganglia in the cecum of 6-days HS chickens. HS differentially 
affected AQP4 expression in broiler chicken ileum and 
cecum ENS. Future studies are required to investigate the 
effect of stress-induced alterations in gut neuroimmune 
barriers on the susceptibility to foodborne pathogen 
colonization in poultry. 
Funding: This project was supported, in part, by Agriculture 
and Food Research Initiative Competitive Grant no. 2021-
67015-34530 from the USDA National Institute of Food and 
Agriculture. 

354P Vocalizations as a flock welfare indicator in the 
poultry industry. Jenna M. Schober*1, Jeffrey Lucas2, 
Gregory S. Fraley3; 1Purdue University, Animal Science, 
Lafayette, Indiana, United States; 2Purdue University, 
Biology, West Lafayette, Indiana, United States; 3Purdue 
University, Animal Sciences, West Lafayette, Indiana, 
United States. 

Sounds have been shown to affect the behavior and overall 
welfare of birds in captivity. We wish to build upon this 
knowledge to develop duck vocalizations that can be used 
as a type of environmental enrichment in commercial duck 
barns. However, we first need to develop a full repertoire of 
duck vocalizations. To accomplish this goal, we utilized 23 
(19 hens and 4 drakes) Pekin ducks ranging from 35 to 45 
weeks old to develop a vocal repertoire. The ducks were put 
in a soundproof chamber, and their vocalizations and 
behaviors were recorded using a Zoom H5 recorder, an 
Audio Technica AT4022 omnidirectional microphone and a 
WYZE Bluetooth camera. We placed a range of 1 to 4 ducks 
of varying sexes into the chamber for several minutes to 
record initial vocalizations and to acclimate the ducks to the 
sound chamber. Once acclimated, different enrichment or 
aversive stimuli were used to encourage new vocalizations. 
Each stimulus was recorded for 20-30 minutes. Audio 
recordings were analyzed using Adobe Audition, Adobe 
Premiere Pro, and Praat, a phonetics software. 
Vocalizations were characterized based on the following 
criteria: number of pulses, amplitude, frequency and the 
shape of any frequency modulation. Our results showed that 
ducks can produce up to 36 different vocalizations. A cluster 
analysis using SAS 9.4 indicated that the environmental 
stimuli had no effect on the repertoire produced by the 
ducks. However, all outlier clusters included hens, 
suggesting that hens use a unique set of vocalizations not 
recorded from males. Shannon entropy (H) was used to 
describe the diversity of the vocal repertoire under different 
conditions. This analysis indicated that the vocal repertoire 
increased with an increase in the number of hens in the 
chamber (F2,20 = 4.05, p<0.05) and that the number of drakes 
had no effect on repertoire diversity (F2,20 = 0.73, p=0.49). 
Our results will allow us to next determine how playbacks of 

these vocalizations can affect ducks’ physiology, such as 
heart and respiratory rate, or pupillary light reflex. We can 
then evaluate which sounds may produce calming effects on 
ducks that could be used as environmental enrichment in 
commercial barns. 

355P Effect of Killed Salmonella Bacterin Vaccines on 
Immunological Response and Hen-day Egg Production 
in Layers. Syamily Shaji*1, Ramesh Selvaraj2, Revathi 
Shanmugasundaram3, Parimal Sheth4; 1University of 
Georgia, Poultry Science, Athens, Georgia, United 
States; 2University of Georgia, Poultry Science, Athens, 
Georgia, United States; 3USDA, Toxicology and Mycotoxins 
Research Unit, Athens, Georgia, United States; 4Endovac 
Animal Health, Columbia, Missouri, United States. 

Salmonella is the leading cause of food-borne zoonotic 
disease across the globe. Human Salmonellosis is caused 
by the consumption of contaminated poultry meat, eggs, and 
meat products. Vaccination has emerged as an alternative 
control strategy to antimicrobials for 
mitigating Salmonella colonization in layers and decreasing 
egg contamination. In this study, we evaluated the efficacy 
of two killed Salmonella bacterin vaccines, administered 
intramuscularly in layers. The first vaccine had 
97% S. Typhimurium and 3% Immune Plus® with 
preservatives and adjuvants. The second vaccine was 
synthesized with 77% S. Typhimurium, 10% Klebsiella strain 
KP9580, 10% Klebsiella strain KPZBT01, and 3% Immune 
Plus® with preservatives and adjuvants. 120-14-week-
old Salmonella-free Hy-Line W-36 pullets were allocated into 
three groups: 1) control, 2) vaccine 1, and 3) vaccine 2, with 
40 birds per group. Birds in groups 2 and 3 were vaccinated 
with 500 µl (Endovac) Salmonella killed bacterin vaccines 
(1) and (2) at 17 weeks of age, and a booster dose was given 
at 19 weeks of age on the right pectoralis muscle. At 20, 21, 
22, 23, and 24 weeks of age, serum anti-Salmonella IgY was 
quantified using ELISA. Egg production was recorded daily 
to calculate the hen-day egg production (HDEP). Data were 
analyzed by one-way ANOVA. When the main effects were 
significant (P < 0.05) between treatments and the difference 
between means were analyzed by using Tukey’s HSD. Birds 
given vaccines 1 and 2 at 22 weeks of age showed higher 
serum anti-Salmonella IgY levels than the control group by 
186% and 168%, respectively (P < 0.05). At 23 weeks of 
age, birds vaccinated with vaccine 2 had 370% greater 
levels of anti-Salmonella IgY in serum compared to the 
control group. The vaccines did not decrease egg production 
in layers. There was no significant difference in HDEP 
between vaccinated and control birds. The geometric mean 
titers of vaccines 1 and 2 were 793.7 and 606.9, 
respectively, at 22 weeks of age. These results indicate that 
the killed bacterin vaccines increases serum antibody titers 
and could be a potentially viable vaccine candidate 
against Salmonella infection in layers. 

356P Starting water quality and composition effects on 
peracetic acid decay rates. Daniel Sabo*1, Stephanie 
Richter1, Olga Kemenova1, Jordan Ash1; 1Georgia Tech 
Research Institute, Atlanta, Georgia, United States. 

The poultry industry utilizes peracetic acid (PAA) as an 
antimicrobial agent in an effort to control microbial 
contamination. This reliance on PAA highlights the need to 
clearly understand what factors, present in immersion 
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chillers, attribute to PAA decay rates. Previously, we have 
shown the effects that individual and combined TDS 
components have on PAA decay. Starting water quality and 
stock PAA formulation was tested for their effects on PAA 
stability under immersion chiller conditions. For both the 
formulation and starting water quality tests performed, the 
initial PAA concentration was targeted at 160 ppm and mixed 
for sixty seconds before PAA concentration was measured 
(t=1). PAA was measured at five time points (1, 5, 15, 30, 
and 60 minutes) using a colorimetric absorption device kit, 
at a pH of 9.0. All half-lives were calculated using the half-
life exponential decay formula. Data was analyzed using 
One-Way ANOVA. Four different PAA formulations of 
varying PAA:hydrogen peroxide levels (6%:26%, 15%:22%, 
22%:5%, and 15%:5%) were tested in water that contained 
cations at 250ppm and Bovine Serum Albumin (BSA) at 
1800ppm. It was calculated that the 6% PAA:26% hydrogen 
peroxide formulation had a half-life of 210 minutes, which 
was significantly different compared to the 22%PAA:5% 
hydrogen peroxide formulation, which had a half-life of 27 
minutes. Next, the effect of starting water quality on PAA 
decay was tested. PAA in potable water, adjusted to pH 9.0, 
acted as a control group for a decay rate with a half-life of 
297 minutes. Samples containing varying ratios of TDS:BSA 
(25:0, 100:0, 250:0, 500:0, 25:1800, 100:1800, and 
250:1800) were tested. Results showed that as the amount 
of cations alone increased (25, 100, 250, 500 ppm), the 
associated half-lives decreased (230, 158, 133, and 117 
minutes). This impact on PAA was compounded when BSA 
was added to the cation solutions. Results indicate that as 
the amount of cations (25, 100, and 500 ppm), the 
associated half-lives decreased (166, 88, and 49 minutes). 
The overall results indicate that the starting composition of 
PAA has a noticeable impact on PAA stability, where 
solutions with low PAA and high hydrogen peroxide last 
longer under immersion chiller conditions. It was calculated 
that starting water that contains more than 50 ppm of cations 
will lose 44% of PAA stability. It was found that starting water 
quality can have an impact on PAA stability in immersion 
chillers. 

357P The effect of a Lactobacillus LB fermentate 
postbiotic on commercial male broiler performance. Erik 
Eckhardt*1, Philippe Tacon2, Hilary O. Pavlidis3, Janet 
Snow4; 1Adare Biome, R&D, Houdan, France; 2Adare 
Biome, Houdan, France; 3CSA Animal Nutrition, Dayton, 
Ohio, United States; 4CSA Animal Nutrition, Columbia, 
Missouri, United States. 

The objective of this study was to evaluate the effects of 
feeding various doses of a Lactobacillus LB fermentate 
postbiotic (LB) on commercial male broiler performance. A 
total of four dietary treatments with 12 replicates per 
treatment containing 50, day-of-hatch Ross YP708 male 
broilers each were tested in a pen trial facility run by a 
commercial broiler integrator. Dietary treatments were: 1) 
Standard 3 phase broiler diet program with no additional 
supportive gut health feed additives (NC), 2) NC + LB at 
2.2g/MT (LB2), 3) NC + LB at 5.5g/MT (LB5), 4) NC + LB at 
11.0g/MT (LB10). All treatments were reared on previously 
used and top-dressed litter and vaccinated at hatch with a 
1x dose of COCCIVAC®-B52. Key performance metrics of 
body weight (BW), feed intake (FI), feed conversion (FCR), 
and livability (LIVE) were measured from Day 0 to 42 for 
each pen. Depending on data type, data were analyzed 

using either the MIXED or GLIMMIX procedures of SAS® 
OnDemand for Academics with LSMEANS used for mean 
separation. The LB5 fed birds had the lowest FCR042 (P = 
0.0022) followed by the LB2 fed birds then the NC and LB10 
fed birds. For BW42, the LB2 and LB5 treatments were not 
statistically different from each other but were significantly (P 
<0.0001) heavier than both the LB10 and NC treatments. 
The LB5 fed birds had greater FI042 (P = 0.0010) than the 
NC, with the LB2 dose being statistically intermediate to the 
LB5 and LB10 fed birds and the LB10 birds not differing 
statistically from the NC. No significant differences (P = 
0.9110) were observed for LIVE042 for any of the 
treatments. The European Production Efficiency Factor 
(EPEF) was calculated for each pen using production 
performance metrics to Day 42. The EPEF approached 
statistical significance (P = 0.0541), with the LB5 treatment 
having a numerically improved EPEF representing a 4.5% 
greater production efficiency than the NC (407.06 vs. 
389.43, respectively). Overall, the observed statistical 
improvements in BW, FI, FCR as well as the numerical 
improvement in EPEF with the 5.5 g/MT LB postbiotic 
treatment could indicate a positive economic improvement 
during the application of this postbiotic in commercial 
broilers. The results of this trial support previous findings in 
broiler fed the LB5 treatment. Continued research is ongoing 
to further understand the economic value proposition of this 
postbiotic at the 5.5 g/MT dose. 

358P Comparing live coccidia vaccine 
programs. Jennifer R. Timmons*1, Steve H. Fitz-Coy2, Celia 
Whyte1; 1University of Maryland Eastern Shore, Agriculture, 
Princess Anne, Maryland, United States; 2Merck Animal 
Health, Millsboro, Delaware, United States. 

A pen trial using seven hundred and twenty Ross 708 
straight run broiler chicks (5 treatments with 8 replicates 
each) was conducted to evaluate the protection of two live 
coccidia vaccines (LCV) at two dose levels against a 
heterologous E. maxima challenge at 28 and 32 d of age. 
Vaccination was performed via coarse spray (d0). The 
treatments included (1) negative control (NC), (2) 1X dose 
LCV1, (3) 2X dose LCV1 (4) 1X dose LCV2, and 1X dose 
LCV2 + E. maxima. The trial design was a randomized 
complete block design with18 birds/replicate. Significant 
differences among treatments means were determined 
using Tukey’s-HSD test with a 5% level of 
probability. Weight gain (WG) and coccidial lesion scoring 
were conducted 6 days post challenge. Four birds/replicate 
were challenged via gavage on 28, and 32 d of age with 
heterologous antigen (E. maxima). Fresh fecal samples to 
measure oocysts per gram (OPG) were collected from each 
replicate pen on d 5-10; then on even d of age up to 38d. 
Challenged birds were housed separately from the other trial 
birds. The WG of the birds during the challenge periods were 
different due (P <0.01) to the LCV treatments. The d 28-34 
WG of 1X LCV1 and the 2X LCV1 treated birds were higher 
(393.1 and 417.2 g, respectively) compared to the d 28-34 
WG of NC and 1X LCV2 treated birds (272.8 and 316.1 g, 
respectively). Similar results were found with the d 32-38 
WG. The WG of 1X LCV1 (488.6 g) was higher (P < 0.01) 
compared to the WG of the NC and 1X LCV2 + E. 
maxima treated birds 278.6 and 342 g, respectively). 
However, the microscopic lesion scores (MS) for E. 
maxima were not different (P > 0.05) between the LCV 
treatments for both challenge periods. It was concluded that 
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the 1X and 2X LCV1 was effective at reducing the negative 
effects of WG observed in coccidiosis-challenged birds, 
however increasing the dose of LCV did not have any 
significant benefits in this study. 

359P Change of nutrient digestibility and cecal 
microbiome in broiler chickens according to Eimeria 
maxima, high leucine and supplementation of arginine 
and valine. Jihwan Lee*1, Janghan Choi2, Doyun Goo3, 
Hanseo Ko4, Hanyi Shi5, Brett Marshall6, Woo K. 
Kim7; 1University of Georgia, Athens, Georgia, UniteD 
States; 2University of Georgia, Poultry Science, Athens, 
Georgia, United States; 3University of Georgia, Poultry 
Science, Athens, Georgia, United States; 4University of 
Georgia, Poultry Science, Athens, Georgia, United States; 
5University of Georgia, Poultry Science Department, Athens, 
Georgia, United States; 6University of Georgia, Poultry 
Science, Winterville, Georgia, United States; 7University of 
Georgia, Athens, Georgia, United States. 

This study was conducted to estimate the effects of 
supplementation of arginine and valine on nutrient 
digestibility and cecal microbiome in broilers challenged 
with E. maxima and excess leucine diets. A total of 832 
fourteen-day-old Cobb 500 male broilers were randomly 
allocated to a 2×2×4 factorial arrangement with 4 replicate 
cages of 12 birds per cage. The main factors were two dose 
of E.maxima (EM) either challenged (CC) or non-challenged 
(NC), two Leu levels of either normal Leu (NL) or high Leu 
(HL) and amino acid (non-supplemented, 0.5% 
supplementation of Arg; ARG, 0.5% supplementation of Val; 
VAL, and ARG and VAL combination group; COM). All data 
for each response were statistically analyzed three-way 
ANOVA with Tukey’s post-hoc test. EM challenge decreased 
(P<0.05) digestibility of dry matter (DM) and crude protein 
(CP) compared to non-challenged groups. Likewise, EM 
challenge decreased (P<0.05) the digestibility of essential 
amino acids except for histidine and leucine and non-
essential amino acids except for cysteine, proline, serine, 
and tyrosine compared to non-challenged groups. EM 
challenge decreased (P<0.05) the relative abundance of the 
phylum Bacteroidetes, whereas increasing (P<0.05) relative 
abundance of the phylum Firmicutes compared to non-
challenged groups. HL diets reduced (P<0.05) the 
digestibility of large neutral amino acids (e.g., isoleucine, 
methionine, phenylalanine, valine, tryptophan and tyrosine). 
However, supplementation of Arg and Val significantly 
increased (P<0.05) relative abundance of the 
genus Ruminococcaceae which are known as having 
capability to degrade cellulose and hemicelluloses, while 
decreasing (P<0.05) relative abundance of the 
genus Tyzzerella which are known as a potential pathogenic 
bacteria compared to non-supplemented groups. In 
conclusion, E.maxima and high leucine had adverse effects 
on nutrient digestibility and gut microbiome, and these 
parameters were improved by supplementing arginine and 
valine. 

360P Inhibition of Clostridium perfringens spore 
germination and outgrowth by organic vinegar based 
antimicrobial (Durafresh) during cooling of cooked 
organic turkey roast. BHARATH MALLAVARAPU*1, 
Deepak Subedi1, Sujitha Bhumanapalli1, Jinquan Wang2, 
Harshavardhan Thippareddi3; 1University of Georgia, 
Department of Poultry Science, Athens, Georgia, United 

States; 2University of Georgia, Poultry Science Department, 
Athens, Georgia, United States; 3University of Georgia, 
Poultry Science, Athens, Georgia, United States. 

Inhibition of Clostridium perfringens spore germination and 
outgrowth in ground organic turkey roast by a dried organic 
vinegar based antimicrobial (Durafresh) was evaluated. 
Organic turkey breast meat was ground and mixed with three 
concentrations of Durafresh, 0.5, 1.0, and 2.0%, along with 
a no-antimicrobial control. The product (5 g) was placed in a 
vacuum bag, inoculated with a three-strain spore cocktail 
of C. perfringens to obtain an initial spore level of ca. 2.5 log 
CFU/g and vacuum sealed. The bags containing the 
inoculated product was heat treated for 20 min at 75°C (heat 
treatment) and cooled exponentially from 54.4°C 
(equilibration) to 4.4°C (cooling) within 9, 12, 15, 18, or 21 
h. C. perfringens populations were enumerated after heat 
treatment, equilibration and cooling for each treatment. 
Three independent replications were performed for each of 
the five exponential chilling rates. Data were analyzed, and 
the results of each treatment were compared with ANOVA of 
GLM in SAS. Tukey’s test (α = 0.05) was used to separate 
means of the C. perfringens populations (log CFU/g). 
Inclusion of Durafresh in the turkey roast did not affect the 
pH and water activity of the product (p>0.05). C. 
perfringens populations after inoculation (2.08-2.96 log 
CFU/g) were similar (p>0.05) to those after heat treatment 
and equilibration. C. perfringens populations reached 3.34, 
3.83, 5.05, 5.25, and 5.67 log CFU/g (corresponding 
increases of 0.58, 0.90, 2.47, 2.42 and 3.09 log CFU/g) in 
control turkey roast was cooled within 9, 12, 15, 18, and 21 
h of chilling, respectively. Inclusion of Durafresh at 2% was 
effective in inhibiting C. perfringens spore germination and 
outgrowth in organic ground turkey roast of <1.0 log CFU/g 
(2.79 log CFU/g) was observed during abusive cooling of the 
product within 21 h. Organic turkey roast containing 
Durafresh regardless of the concentration resulted in 
lower C. perfringens populations subsequent to abusive 
cooling (9, 12, 15, 18, and 21 h) compared to control (p 
<0.05). Inclusion of Durafresh in turkey roast formulation can 
inhibit germination and outgrowth of C. perfringens spores 
during abusive cooling. 

361P The effects of storage time and laying hen rearing 
system on egg quality parameters. Serkan Büyükünal2, 
Karlo Muratoglu2, Ali Calik3, Abdurrahman Kizil1, Mustafa 
Alatas4, Oguzhan Kahraman4, Ahmet Y. Pekel*1; 1Istanbul 
University-Cerrahpasa Faculty of Veterinary Medicine, 
Department of Animal Nutrition and Nutritional Diseases, 
Istanbul, , Turkey; 2Istanbul University-Cerrahpasa Faculty 
of Veterinary Medicine, Department of Food Hygiene And 
Technology, Istanbul, Avcilar, Turkey; 3Ankara University 
Faculty of Veterinary Medicine, Department of Animal 
Nutrition and Nutritional Diseases, Ankara, Diskapi, 
Turkey; 4Selcuk University Faculty of Veterinary Medicine, 
Department of Animal Nutrition and Nutritional Diseases, 
Konya, Turkey. 

The effects of storage time (0, 7, 14, 21, and 28 day) at room 
temperature (25 ± 3 C○ with 50 to 60% relative humidity) and 
the rearing system (enriched cage and cage-free) on the 
quality of eggs from layers (Lohmann Brown-Classic) at 72-
wk of age were studied. A total of 250 eggs (125 eggs per 
rearing system) were collected on the first day of 72-wk of 
age and placed on plastic egg trays. Eggs were numbered, 



 

2023 PSA Annual Meeting Abstracts 168 
 

weighed, and assigned to each experimental storage time 
for each rearing system (25 eggs per storage time for each 
rearing system). The design of the experiment was 
completely randomized with a 2 x 5 factorial arrangement. 
All data were analyzed using the GLM procedure in SPSS 
software. Egg weight, haugh unit, and albumen height 
decreased linearly as egg storage time increased (P<0.01). 
On the contrary, yolk color increased linearly as egg storage 
time increased (P<0.001). An interaction (P<0.01) was 
observed between storage time and the rearing system led 
to a higher decrease in albumen height of eggs from the 
cage-free system (69%) when compared to those from the 
enriched cage system (44%) at the end of 28-day storage 
time. Similarly, an interaction (P<0.01) was observed 
between storage time and rearing system led to a higher 
decrease in haugh unit of eggs from the cage-free system 
(51%) when compared to those from the enriched cage 
system (34%) at the end of the 28-day storage time. In 
conclusion, although there was no significant main effect of 
rearing system, interactions revealed that the interior quality 
of eggs from the enriched cage system remained superior to 
those from the cage-free system during 28-day room 
temperature storage. 

362P Effect of symbiotic supplementation on 
production performance and intestinal inflammatory 
response in broilers under induced necrotic enteritis 
challenge. Bikas R. Shah1, Walid G. Al Hakeem*1, Revathi 
Shanmugasundaram2, Ramesh Selvaraj1; 1University of 
Georgia, Poultry Science, Athens, Georgia, United 
States; 2USDA, Toxicology and Mycotoxins Research Unit, 
Athens, Georgia, United States. 

Synbiotic supplementation in broilers is beneficial for growth 
and performance, maintaining gut health, and inducing 
mucosal immunity against various bacterial diseases 
through the production of anti-microbial compounds. To 
evaluate the efficacy of synbiotic supplementation during 
necrotic enteritis (NE) challenge, a total of 360-day-old 
chicks were randomly assigned into four experimental 
groups in a 2x2 factorial setup: control, challenge, synbiotic 
(1 g/kg), and challenge + synbiotic, with 6 replicates, and this 
study lasted for 35 days. NE was induced by gavaging 1 x 
104 Eimeria maxima oocysts on D14 and 1 x 108 CFU/ml 
of Clostridium perfringens on D19, 20, and 21 respectively. 
The data were analyzed using a two-way ANOVA to analyze 
the main effects of dietary treatments, challenge, and their 
interaction. At D21 (0 dpi), the NE challenge significantly 
decreased BWG by 200 g (p < 0.05), and increased FCR (p 
< 0.05) and FI (p < 0.05) by 0.22 points and 70 g 
respectively, while synbiotic supplementation during the NE 
challenge did not affect BWG and FCR when compared to 
the control group. However, synbiotic supplementation 
during the NE challenge decreased feed intake by 220 g 
leading to better feed utilization when compared to the 
control group. At 0 dpi, the NE challenge significantly 
increased the rank score mean for mid-gut lesions (p < 0.05), 
increased the gut permeability, and decreased CD4+:CD8+ 
T cells in the cecal tonsil (CT), while synbiotic 
supplementation during NE challenge decreased the rank 
score means for mid-gut lesions (p < 0.05), no effect on gut 
permeability (p < 0.05), and increased the percentage of 
CD4+:CD8+ T cells in cecal tonsil CT (p < 0.05), when 
compared to the control group. At 7 dpi, the NE challenge 
decreased CD4+:CD8+ T cells in CT, while synbiotic 

supplementation during the NE challenge decreased the 
percentage of CD4+:CD8+ T cells in CT (p < 0.05) when 
compared to the control group. It can be concluded that 
synbiotic supplementation increases production 
performance, decreasing mid-gut lesions, and enhancing 
protective immunity against NE. 

363P Comparing the effect of symbiotic and antibiotic 
supplementation on production performance and 
necrotic enteritis severity in broilers under and 
experimental necrotic enteritis challenge. Bikas R. 
Shah*2, Walid G. Al Hakeem2, Revathi 
Shanmugasundaram1, Ramesh Selvaraj2; 1USDA, 
Toxicology and Mycotoxins Research Unit, Athens, Georgia, 
United States; 2University of Georgia, Poultry Science, 
Athens, Georgia, United States. 

Synbiotic supplementation modifies the intestinal microbiota 
by competitive exclusion, ameliorating production 
performances, lowering pathogen load and colonization in 
the intestine, strengthening intestinal integrity, and 
improving immune responses. A 35-day trial was carried out 
to compare the efficacy of synbiotic (PoultryStar®ME) and 
antibiotic (Stafac®50, Virginiamycin) to determine whether 
synbiotic could be a potential alternative to AGPs. A total of 
360-one-day-old chicks were randomly assigned into four 
experimental groups: antibiotic, synbiotic, antibiotic + 
challenge, and synbiotic + challenge, with six replicates. 
‘antibiotic + challenge’ and ‘synbiotic + challenge’ are 
challenged treatment groups while ‘antibiotic’ and ‘synbiotic’ 
are their respective non-challenged treatment groups. 
Necrotic enteritis was induced by gavaging the birds orally 
with 1 x 104 Eimeria maxima oocysts on day 14 (D14) and 1 
x 108 CFU/ml of Clostridium perfringens on D19, 20, and 21. 
Blood, cecal tonsil, and mid-gut were collected for accessing 
intestinal permeability (serum FITCd), flow cytometry, and 
lesion score respectively. The data were analyzed using 
one-way ANOVA with a p-value limit < 0.05 as significant, 
and means were separated using student t-test. Both 
synbiotic and antibiotic-treated groups did not affect body wt. 
gain, feed intake, and feed conversion ratio before (D0-14) 
or after (D0-35) NE challenge, while the antibiotic-treated 
group during the NE challenge decreased the mortality till 
D21 when compared to the respective non-challenged 
treatment group (P < 0.05). At D21, both synbiotic and 
antibiotic supplementation during the NE challenge did not 
improve the intestinal lesion score (P < 0.05) when 
compared to respective non-challenged treatment groups. 
At D21, synbiotic supplementation during the NE challenge 
increased intestinal permeability, while antibiotic 
supplementation during the NE challenge had comparable 
intestinal permeability when compared to respective non-
challenged treatment groups (P < 0.05). However, at D35, 
synbiotic supplementation decreased intestinal 
permeability (P < 0.05) when compared to respective non-
challenged treatment groups (P < 0.05). At D21, antibiotic 
supplementation during the NE challenge increased the 
CD4+:CD8+ T cells (P < 0.05) in the cecal tonsil, however, 
at D35 both synbiotic and antibiotic supplementation 
decreased the CD4+:CD8+ T cells (P < 0.05) in the cecal 
tonsil when compared to respective non-challenged 
treatment groups. It can be concluded that synbiotic 
supplementation could improve intestinal permeability and 
elicit an immune response in the intestine to ameliorate the 
NE infection and can act as a potential alternative to AGPs. 
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364P Evaluation of ileal P digestibility, total tract P 
retention, and phytic acid disappearance in canola meal 
supplemented with increasing levels of exogenous 
phytase using precision-fed roosters and growing 
chicks. Benjamin Parsons*1, Samuel J. Rochell2; 
1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 2Auburn University, Poultry 
Science, Auburn, Alabama, United States. 

Apparent ileal digestibility (AID) of P, apparent total tract 
retention (TTR) of P, and phytic acid disappearance in 
canola meal were evaluated in the presence of increasing 
levels of exogenous phytase. In Experiment 1, the precision-
fed rooster assay was used to determine phytic acid (myo-
inositol 1,2,3,4,5,6-hexakis; InsP6) and phytate P (InsP-P) 
disappearance in conventional and cecectomized Leghorn 
roosters. Roosters were fasted for 26 h prior to crop 
intubation with 25 g of canola meal mixed with different 
exogenous phytase levels to achieve 0, 500, 1,000, or 2,000 
FTU/kg. After crop intubation, excreta were quantitatively 
collected for 48 h. In Experiment 2, InsP6 and InsP-P 
disappearance and AID and TTR of P were determined 
using ad libitum-fed broiler chickens. Experimental 
treatments were provided from 18 to 21 d-of-age and 
consisted of semi-purified diets containing 45% canola meal 
as the sole source of P. Phytase was added to achieve 0, 
500, 1,000, or 2,000 FTU/kg of exogenous phytase activity. 
Diets contained 0.36% total P and 0.8% Ca (as-fed basis). 
In both experiments, there were 6 replicates (individual 
roosters or pens of 5 chicks) per treatment. In Experiment 1, 
data were subjected to a two-way ANOVA for a 2 × 4 factorial 
arrangement of treatments with the type of rooster 
(conventional and cecectomized) and exogenous phytase 
activity (0, 500, 1,000, and 2,000 FTU/kg) as main effects, 
while a 1-way ANOVA procedure for a completely 
randomized design was used in Experiment 2; the 
probability level was P < 0.05. Canola meal contained a high 
endogenous phytase activity (> 1700 FTU/kg DM) due to 
contamination with a concentrate containing a commercially 
available phytase at the feed mill from which the canola meal 
was sourced. In Experiment 1 with precision-fed roosters, 
InsP6 and InsP-P disappearance was 78% or greater for all 
treatments and there was no effect (P > 0.05) of the type of 
rooster, exogenous phytase level, or the type of rooster × 
exogenous phytase level. In Experiment 2 with ad libitum-
fed chicks, increasing phytase caused a linear increase (P < 
0.05) in ileal InsP6 and InsP-P disappearance and phytase 
had a quadratic effect (P < 0.05) on excreta InsP6 and InsP-
P disappearance. Increasing dietary phytase activity 
resulted in a linear increase (P < 0.05) in AID of P and 
phytase had a quadratic effect (P < 0.05) on TTR of P. In 
conclusion, the effect of exogenous phytase varied among 
bioassays: there was no effect of the type of rooster or 
exogenous phytase level on InsP6 and InsP-P 
disappearance in precision-fed roosters; however, 
exogenous phytase increased phytic acid hydrolysis, AID of 
P, and TTR of P in ad libitum-fed broiler chickens. 

365P Effects of phosphorus and phytase on growth 
performance, phosphorus excretion and odor emission 
in pullets. Jina Park*1, Ju-Yong Song1, Yun-Ji Heo1, Yoo 
Bhin Kim1, Byung-Yeon Kwon1, Kyung-Woo Lee1; 1Konkuk 
University, Department of Animal Science and Technology, 
Seoul, Korea (the Republic of). 

Excessive nutrients present in feeds are eliminated as 
environmental nutrient loads and lead to an increase in odor 
emission. The most common nutritional strategies used to 
reduce phosphorus (P) excretion into the environment are 
lowering the phosphorus level in the diets or adding phytase. 
The objective of this study was to assess the growth 
performance, nutrient excretion, and odor emissions of 
pullets fed diets containing varying P levels or phytase. A 
total of 240 Hy-Line Brown pullets, 12 weeks of age, were 
randomly allocated to one of four dietary treatments: three P 
levels at 0.25%, 0.35%, 0.45% without phytase and 0.25% 
P supplemented with 500 FTU of phytase. All experimental 
diets were formulated to be isonitrogenous (16% CP) and 
isocaloric (2850 kcal/kg). Experiment lasted 6 weeks and 
each treatment had 10 replicates with 6 pullets each. During 
the last week of the experiment, total fecal collection method 
was employed to measure the odor emission (e.g., fecal 
ammonia and volatile fatty acids) and P excretion. 
Inductively coupled plasma mass spectrometry (ICP-MS) 
was used to measure total P in diets and feces. All data were 
analyzed using the Proc MIXED procedure of SAS followed 
by the Tukey’s test. In addition, the linear and quadratic 
effects of the phosphorus levels were assessed using the 
polynomial contrast. Significant differences were considered 
at p < 0.05, and tendencies were declared at p < 0.10. 
Decreasing P levels in the diets of pullets did not affect body 
weight, body weight gain, and average daily feed intake. P 
intake and excretion showed a linear decrease as P levels 
in the diets decreased (linear effect; p < 0.001). P retention 
was tended to be higher in pullets fed a diet containing 
0.25% P added with phytase (p = 0.080) compared to those 
fed a diet with phytase-free 0.25% P. Pullets fed the diet 
containing 0.25% P added with phytase showed the highest 
concentration of ammonia in fecal samples. Additionally, the 
butyrate contents in fresh feces were lowest in pullets fed a 
diet containing 0.25% P (p = 0.009). Dietary P or diet added 
with phytase did not affect growth performance of pullets. 
However, the P excretion in feces and the emission of odor 
components decreased as the P levels in the diet decreased. 
It needs to be addressed whether low P levels in the diets 
for pullets would subsequently affect laying performance, 
bone quality, and P metabolism in laying hens. 

366P Inclusion of Viligen™ in the diet of broilers 
challenged or not with Eimeria spp., on performance 
and intestinal health. Mariana C. Souza*1, Tatiana C. 
Santos1, Paulo C. Pozza1, Adriana Nascimento2, Alice E. 
Murakami1; 1State University of Maringá, Maringá, Paraná, 
Brazil; 2Alltech Brazil, Maringá, Paraná, Brazil. 

Viligen™ is composed of sodium butyrate, hydrolyzed yeast 
and zinc proteinate. These substances affect the 
development of the intestinal epithelium, immune system, 
and intestinal barrier, improving cell permeability and 
proliferation and controlling the growth of harmful 
microorganisms. This study aimed to evaluate the addition 
of Viligen™ to the diet of broiler chickens in the initial phase 
as a performance and intestinal health enhancer. A total of 
1,200 Cobb-Vantress chicks were used in a completely 
randomized experimental design in a 2 × 5 factorial 
arrangement with birds challenged or not with Eimeria spp. 
and Viligen™ levels (0.00, 0.05, 0.10, 0.15 and 0.20%), with 
6 repetitions per treatment. The birds were orally challenged 
on the third day of life with a live attenuated vaccine for 
coccidiosis (Bio-coccivet R, Biovet®) at 20 times the 
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recommended dose for immunization. At 21 days of age, 
weight gain, feed intake, and feed conversion, oocysts in 
excreta, blood biochemistry, intestinal permeability by FITC-
d, intestinal microbiology by counting colony-forming units 
(CFU), histomorphometry of the duodenum and jejunum, 
and immunohistochemistry for proliferating nuclear antigen 
(PCNA) in the jejunum were evaluated. The data were 
subjected to ANOVA and regression analysis using the GLM 
procedure of SAS. Differences among treatments were 
examined using the Tukey and Dunnett tests and declared 
significant when P<0.05. There was an interaction (P<0.05) 
between the factors studied for uric acid, cholesterol, 
gamma-glutamyltransferase (GGT), aspartate-
aminotransferase (AST) of serum, +PCNA cells, oocysts 
count and CFU Lactobacillus. In nonchallenged birds, 
Viligen™ reduced uric acid and increased cholesterol, AST, 
and +PCNA cells (P<0.05). Nonetheless, only the inclusion 
of 0.20% increased Lactobacillus CFU (P<0.05). In the 
challenged birds, the product increased uric acid and 
decreased cholesterol and GGT (P<0.05). There was a 
linear reduction in the excretion of oocysts on the 13th-day 
post-infection and only the inclusion of 0.20% reduced the 
excretion on the 8th day and increased the +PCNA cells 
(P<0.05). The challenged birds that received or not the 
product showed worse of the 
performance, Bifidobacterium CFU, and crypt depth in the 
duodenum and jejunum, it decreased triglycerides and 
increased total proteins (P<0.05). Viligen™ did not affect 
intestinal permeability by FITC-d up to a 0.15% inclusion 
(P>0.05). The addition of the product to the diet of broiler 
chickens, whether or not challenged with Eimeria spp., 
shows positive results, benefiting intestinal health and 
maintaining performance. In this way, the Viligen™ can be 
used as a performance enhancer in broiler chickens in the 
initial phase. 

367P The effect of low nutrient corn-soy diet and 
enzyme supplement on the nutrient digestibility of 
broiler chickens. Megan Bauer1, Tuoying Ao4, Daniel 
Graugnard4, Jacquline Jacob2, Mike Ford1, Anthony 
Pescatore3, Sunday Adedokun*5; 1University of Kentucky, 
Animal Food and Science, Lancaster, Kentucky, United 
States; 2University of Kentucky, Animal and Food Sciences, 
Lexington, Kentucky, United States; 3University of Kentucky, 
Animal and Food Sciences, Lexington, Kentucky, United 
States; 4Alltech Inc., Lexington, Kentucky, United States; 
5University of Kentucky, Animal and Food Sciences, 
Lexington, Kentucky, United States. 

A study was conducted to investigate the effect of dietary 
supplementation of enzyme in corn-soybean meal diet with 
low nutrient density on the nutrient digestibility of 
broilerchickens. An enzyme complex (Allzyme ® Spectrum, 
Alltech Inc., Nicholasville, KY) with multiple activities 
including carbohydrase and phytase was used. Dietary 
treatments included a positive control (PC) diet having a 
commercial equivalent nutrient level, negative control (NC) 
diet having 90 kcal/kg less ME and 0.15% less Ca and 
available P compared to PC diet, other three diets having 
increasing levels of enzyme supplementation (150, 200, 250 
g/MT) in NC diet. Ten replicate cages of 6 chickens were 
randomly assigned to each of 5 dietary treatments. Chickens 
had free access to water and feed including pre-starter (d 0 
– 9) and starter feed (d10 – 21). Titanium dioxide as an 
indispensable marker at 0.5% was included in starter feed 

for the determination of nutrient digestibility. Excreta and 
ileum digesta samples were collected at the end of the trial. 
Data were analyzed using the GLM procedures of SAS (v 
9.4). Orthogonal polynomial contrasts were utilized to 
determine polynomial effects of dietary supplemental levels 
of enzyme on the nutrient digestibility of chickens. 
Compared with those fed the PC diet, the chickens fed NC 
diet had lower (P<0.01) digestibility of DM, N, Ca, P and 
energy and lower (P<0.01) apparent ileal essential and non-
essential AA digestibility. Increasing level of enzyme 
supplementation in the NC diet resulted in a quadratic 
increase (P<0.01) in the utilization of DM, N, Ca, P and 
AMEn and apparent ileal essential and non-essential AA 
digestibility. A quadratic increase of apparent ileal 
digestibility of DM, N, P, and energy with increasing level of 
dietary enzyme supplementation was also observed. The 
results indicate that the supplementation of enzyme complex 
in a low nutrient corn-soybean meal diet results in an 
increased nutrient digestibility, AMEn and apparent ileal AA 
digestibility. 

368P The effect of low nutrient wheat-soybean meal 
diet and enzyme supplement on the nutrient digestibility 
of broiler chickens. Megan Bauer1, Tuoying Ao*2, Daniel 
Graugnard2, Jacquline Jacob3, Mike Ford3, Anthony 
Pescatore4, Sunday Adedokun5; 1University of Kentucky, 
Animal Food and Science, Lancaster, Kentucky, United 
States; 2Alltech Inc., Lexington, Kentucky, United 
States; 3University of Kentucky, Animal and Food Sciences, 
Lexington, Kentucky, United States; 4University of Kentucky, 
Animal and Food Sciences, Lexington, Kentucky, United 
States; 5University of Kentucky, Animal and Food Sciences, 
Lexington, Kentucky, United States. 

The objective of this study was to investigate the effect of 
dietary supplementation of enzyme in wheat-soybean meal 
diet with low nutrient density on apparent energy and nutrient 
digestibility and utilization in 22 d-old broiler chickens. An 
enzyme complex (Allzyme ® Spectrum, Alltech Inc., 
Nicholasville, KY) with multiple activities including 
arbohydrase and phytase was used. Five dietary treatments 
included a positive control (PC) diet having a commercial 
equivalent energy and nutrient levels, negative control (NC) 
diet having 90 kcal/kg less ME and 0.15% less Ca and 
available P compared to PC diet and other three diets having 
different supplemental levels of enzymes (150, 200, 250 
g/MT) in NC diet. Titanium dioxide as an indispensable 
marker was included in starter diets at 0.5% for the 
determination of nutrient digestibility. The study was 
conducted using a randomized complete block design with 8 
replicates and 6 chickens per replicate cage. Ileum digesta 
and excreta samples were collected at the end of the trial. 
Data were analyzed using the GLM procedures of SAS (v 
9.4). Orthogonal polynomial contrasts were utilized to 
determine polynomial effects of dietary supplemental levels 
of enzyme. Birds fed the NC diet had lower (P < 0.05) 
apparent ileal digestibility and utilization of DM, N, and 
digestible and metabolizable energy but higher (P < 0.05) Ca 
and P digestibility and utilization compared with those fed 
PC diet. Increasing level of enzyme supplementation in NC 
diet resulted in a quadratic increase (P < 0.05) in DM and N 
digestibility and AMEn values and a linear increase (P < 
0.001) in Ca and P utilization. There was a quadratic 
increase (P < 0.05) on the ileal digestibility of all the non-
essential amino acids and essential amino acids excluding 
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Lys, Thr and Trp with increasing supplemental levels of 
enzyme in NC diet. Results from this study showed that the 
supplementation of enzyme complex to a low nutrient wheat-
soybean meal diet resulted in increased energy and nutrient 
digestibility and utilization as well as apparent ileal AA 
digestibility. 

369P Phosphorus digestibility and relative phosphorus 
bioavailability for soybean meals varying in particle 
size. Elena Ahasic1, Pam Utterback1, Carl 
Parsons*1; 1University of Illinois at Urbana-Champaign, 
Animal Sciences, Champaign, Illinois, United States. 

Two experiments were conducted to determine P 
digestibility or bioavailability in dehulled solvent-extracted 
soybean meals (SBM) for 4 varying particle sizes. 
Experiment 1 was a CRD 4 x 2 factorial treatment 
arrangement of 4 mean SBM particle sizes and 2 dietary Ca 
levels with 6 replicate pens of 5 chicks for each dietary 
treatment. Experiment 2 was a CRD with 11 dietary 
treatments and 5 replicate pens of 4 chicks for each dietary 
treatment. In Experiment 1, Ross 308 chicks were fed 1 of 8 
diets from 16-20 d of age. The diets were formulated to 
contain 0.2% or 0.75% Ca and 4 SBM with mean particle 
size of 466, 809, 1,174, or 1,577 μm. Ileal digesta and 
excreta were collected and analyzed for P. In Experiment 2, 
crossbred chicks (New Hampshire x Columbian) were fed 1 
of 11 experimental diets from 8-22 d of age. The basal diet 
was a P- deficient-cornstarch-dextrose-SBM diet (0.14% 
nonphytate P). The remaining diets were the basal diet 
supplemented with 0.05 or 0.10% P from KH2PO4 or 12.5 
or 25% of 1 of the 4 above SBM. The right tibia was collected 
from each euthanized chick for bone ash analysis. Data for 
both experiments were analyzed using the GLM procedure 
in SAS. Differences among treatments were considered 
significant at P<0.05. For Experiment 1, a 4 x 2 factorial 
analysis was used with 4 SBM particle sizes and 2 dietary 
Ca levels. For Experiment 2, the slope-ratio method was 
used to determine the bioavailability of the P in the 4 SBM 
relative to the P in KH2PO4 using the regression coefficients 
obtained from multiple regression of tibia bone ash 
regressed on supplemental P intake from KH2PO4 or the 4 
SBM. Bioavailability values of the P in the SBM were 
calculated relative to KH2PO4 with bioavailability of P in 
KH2PO4 set at 100%.Ileal P digestibility was not affected by 
SBM particle size when dietary Ca was 0.2%. At 0.75% 
dietary Ca, the 1,577 μm SBM yielded the highest ileal P 
digestibility (65%) and was different (P<0.05) from the other 
SBM (53%). Chicks fed diets containing 0.2% Ca had higher 
(P<0.05) ileal P digestibility (88%) and excreta P retention 
(57%) compared with chicks fed diets containing 0.75% Ca 
(56% and 42%, respectively). In Experiment 2, the 1,577 μm 
SBM yielded the highest bioavailability (30%) which was 
higher (P<0.05) than that for 466 μm SBM (20%).The results 
of this study indicated that increased particle size may 
increase bioavailability of P in SBM and that dietary Ca level 
greatly affected SBM P digestibility values. 

370P Assessment of Eimeria gallopavonis dose for 
vaccination strategies. Philip Yeboah*1, Demilade I. 
Ibiwoye1, Thaciane L. Amaral1, Kaylin chasser2, Audrey F. 
Duff2, Lisa Bielke1; 1North Carolina State University, 
Prestage Department of Poultry Science, Raleigh, North 
Carolina, United States; 2The Ohio State University, Animal 
Sciences, Wooster, Ohio, United States. 

A recent study from our laboratory reported that Eimeria spp 
prevalence across turkey farms in the Midwest US were 
dominated mainly by E. meleagrimitis (97.50%), E. 
adenoeides (95%), and E. gallopavonis (40%). In locations 
where E. gallopavonis are present, poults cannot develop 
necessary immunity via two-species commercial vaccines. 
Thus, this study aimed to determine the appropriate dose 
level of E. gallopavonis for autogenous vaccine production 
to manage its highly virulent nature. Three experiments 
measured excreta oocysts per gram (OPG), BW, and 
mortalities after varying doses of E. gallopavonis inoculation 
on day of hatch. In experiment 1, birds were divided into four 
groups with two pens each: vaccinated with 0, 30, 90 or 
270 E. gallopavonis oocysts per poult. Exp 2 included 0, 30 
and 90 dose levels, while Exp 3 tested 0, 15 or 30 oocysts 
per poult. In Exp 1, on d7 and d14, BW was measured and 
fresh fecal samples collected for OPG counting. 
Experiments 2 and 3 included BW, and OPG counts on d7, 
14, 21 and 28 with poults in three replicate pens per 
treatment. All data were subjected to ANOVA, and means 
were separated using Tukey's HSD. For Exp 1, though no 
differences in OPG were noted, values reached as high as 
710,622 OPG in the 90 oocyst inoculation group, BW was 
significantly (p<0.05) decreased in the 30 oocysts 
inoculation group, and a 33% mortality rate observed in the 
270 oocyst inoculation group. In Exp 2, d28 BW in 90 
oocysts dose level at 776g was lower (p<0.05) than non-
inoculated birds at 846g. Oocyst shedding peaked at d14 
with 383,710 OPG in pens receiving 30 oocysts and 349,070 
OPG in birds vaccinated with 90 oocysts, but both 
vaccinated groups declined by d28 to less than 200 OPG. 
Lastly, BW was not affected by vaccination with 15 oocysts 
in Exp 3, but 30 oocyst level did have lower BW at d21 and 
d28 (p<0.05). OPG of the group inoculated with 30 oocysts 
peaked on d21 at 328,005, and 15 oocysts dose pens rose 
through d28 with a high of 175,047. Similarly, mortality was 
significant in the 30 oocysts dose group at 47%, while 15 
oocysts dose and control were 10% and 7%, respectively. 
Among all the dose levels, 15 oocysts vaccine inoculation 
recorded the lowest adverse effects, however, concern 
about consistency of infection at this low dose remains, and 
additional vaccine management strategies are needed. 

371P Phytase supplementation reduced the severity of 
wooden breast in 56-day-old male Ross 708 
broilers. Garrett Mullenix1, Craig W. Maynard2, Elizabeth S. 
Greene*1, Carrie L. Walk3, Nelson Ward4, Sami 
Dridi1; 1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 2Bell and Evans, , Fredericksburg, 
Pennsylvania, United States; 3DSM Nutritional Products, 
Kaiseraugst, Switzerland; 4DSM Nutritional Products, 
Jerusalem, Ohio, United States. 

Poultry meat is one of the most efficient foods worldwide. 
However, emerging breast muscle myopathies, including 
woody breast (WB) and white stripping (WS), have had a 
negative impact on chicken meat production. The 
myopathies are estimated to cost the industry several 
hundred million dollars a year due to culling, mortality, down-
grading, and condemnation at processing, as well as 
rejection by consumers. Although its etiology is not well 
defined, our group and others found that hypoxia is one of 
the main causes. Here, the objective of this work was to 
determine if phytase supplementation would alleviate the 
most severe cases of WB. We hypothesize this is through 
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an improvement of oxygen homeostasis. Ross 708, male 
broilers (n = 900) were obtained and randomly allocated to 
30 floor pens on clean pine savings at d of hatch. There were 
30 birds per pen and 10 replicate pens per treatment. Three 
dietary treatments were fed from hatch to d 56 of age: a 
positive control (PC) formulated to meet or exceed all 
nutrient recommendations; a negative control (NC) 
formulated to be isocaloric and isonitrogenous to the PC and 
with a 0.08 and 0.15% reduction in Ca and available P, 
respectively; the NC + 2,000 phytase units (FYT) per kg of 
diet (NC+P). The phytase was a novel fourth generation 
phytase with increased intrinsic temperature and pH stability 
(HiPhoriusTM, DSM, Switzerland). Diets were fed in crumble 
and pelleted form during three feeding phases, starter (hatch 
to d 18), grower (d 18 to 36), and finisher (d 36 to 56). Food 
and water were provided ad libitum. On d 56, all birds were 
sacrificed, and carcass and parts weights and yields were 
measured. Data were analyzed as a one-way ANOVA using 
JMP Pro v 17. From hatch to d 18, birds fed the NC ate and 
gained 31g less (P<0.05) than PC or NC+P groups. NC birds 
weighed 52g less (P=0.014) at 36 d, and both treatments 
tended to be 112g lighter (P=0.065) than NC+P birds at d 
55. There was no difference in gain or feed intake between 
birds fed the PC or NC+P at all phases or overall (hatch to d 
55). Birds fed the NC+P had a 5.5 and 4.5-point 
improvement (P<0.05) in FCR compared with PC birds from 
hatch to d 18 and hatch to d 55, respectively. Carcass 
weight, tender, wings, and legs were heavier (P<0.05) in 
birds fed the NC+P compared with PC or NC birds. There 
was no effect of diet on the average or frequency of WS 
scores. There was no effect of diet on the average WB score. 
However, birds fed the NC+P tended to have a lower 
(P=0.053) incidence of severe WB compared with PC birds. 
In conclusion, supplementation of the novel fourth 
generation phytase significantly improved feed efficiency, 
carcass weight, and tended to reduce the incidence of 
severe WB in broilers. 

372P Developing a new multi-serovars vaccine to 
control Salmonella in broiler chickens. Anna Luiza 
Facchetti V Assumpcao*1, Komala Arsi2,1, Gisela F. Erf3, 
Ruvindu Perera4, Joshua Molina6, Annie M. Donoghue2, 
Suresh Pillai6, Palmy R. Jesudhasan5; 1University of 
Arkansas Division of Agriculture, Poultry Science, 
Fayetteville, Arkansas, United States; 2USDA-ARS, Poultry 
Production and Product Safety Research, Fayetteville, 
Arkansas, United States; 3University of Arkansas, Division of 
Agriculture, Poultry Science, Fayetteville, Arkansas, United 
States; 4University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 5USDA-ARS, 
Fayetteville, Arkansas, United States; 6Texas A&M 
University, Food Science & Technology, College Station, 
Texas, United States. 

Non-typhoidal Salmonella serovars remain a major 
foodborne pathogen, affecting nearly 1.5 million people 
annually in the US. Poultry and poultry products are one of 
the main sources of human salmonellosis. The current 
approaches to reduce salmonellosis in poultry have had 
limited success. Electron beam (eBeam) causes irreparable 
damage to DNA, resulting in bacterial cells’ inability to 
multiply, but retains the epitopes/antigens necessary for 
inducing an immune response. eBeam technology is novel 
for vaccine development, and very few studies have been 
reported. The objective of the current study was to develop 

a multi-serovar Salmonella vaccine using eBeam 
technology. To develop the vaccine, 
three Salmonella serovars were exposed to target doses of 
7.0 kGy eBeam dose for inactivation. In vitro assays 
confirmed the inactivation. To determine the efficacy of the 
vaccine, day-18 embryos were randomly divided into 3 
groups (Negative control [NC], eBeam-killed vaccine [EV], 
and formalin-killed vaccine [FV]). All the embryos received 
100 µL of either a vehicle (Sham), EV, or FV by in 
ovo injection into the amnion. On the day of hatch, chicks 
from each group were allocated to their respective cages. 
Samples were collected from 5 birds/group on days 1, 7, 14, 
and 21 after hatch. Birds were euthanized, and samples 
were collected for flow cytometry (EDTA-blood and spleen), 
immunoglobulin quantification (serum), and microbiological 
analyses (cecal contents). Cecal contents were diluted and 
plated on XLD plates to confirm and/or 
enumerate Salmonella colonies. Spleen and blood samples 
were processed in a single-cell solution and 
immunofluorescent stained for flow cytometry analysis. 
Serum samples were processed and used for indirect ELISA 
to determine the IgY levels against Salmonella. One-way 
ANOVA was used to measure statistical significance 
between groups. Microbiology analysis confirmed the 
absence of Salmonella colonies in all the groups at all time 
points. The cell profiles, measured by flow cytometry, were 
similar in the blood and spleen between the three groups (p-
value>0.05). Immunological analysis of serum showed high 
titers of IgY in all groups that declined over time, suggesting 
strong transferred maternity immunity against 
potential Salmonella colonization. In conclusion, our study 
showed that in ovo administration of the eBeam-killed 
vaccine is possible and functional. The generated immune 
response was similar to a control vaccine (FV) in 
unchallenged birds. However, further studies are needed to 
determine the efficacy of the eBeam-
killed Salmonella vaccine against live Salmonella challenge 
to develop a robust immune response in broiler chickens. 

373P Phytogenic feed additive blend – NUQO© NEX 
increased performance parameters in 39-day male 
Cobb500 broilers. Garrett Mullenix*1, Sami Dridi2; 
1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 2University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States. 

Poultry consumption continues to increase at a rate higher 
than other animal proteins, and consequently this is raising 
the demand for natural growth promotors and health 
mediators. Phytogenic feed additives are naturally occurring 
plant, and plant derived metabolites, that can stimulate 
digestive secretions, provide anti-inflammatory and anti-
bacterial properties, while promoting growth performance. 
This experiment focused on determining the effects of 
NUQO© NEX (Encapsulated micro-particles of Dried Kelp, 
Cinnamaldehyde, Thyme, and Eugenol; NUQO©, France) on 
broiler growth performance, processing parameters, and 
meat quality. Day-old male Cobb500 chicks (n=1,197) were 
randomly allotted to 1 of 3 treatments, with each having 19 
replicates of 21 birds, and fed a 3-phase feeding program; 
0-14d starter, 15-28d grower, and 29-40d finisher. The 
dietary treatments included a corn-soy basal Control (CON), 
basal diet supplemented with NEX at 100 g/ton from 0-28 d 
then 75 g/ton from d 28-39 (NEX75), and basal diet 
supplemented with NEX at 100 g/ton from 0-39 d (NEX100). 
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The bird feed intake and body weight were measured at d 0, 
14, 28 and 40. On d 40, 399 birds (7 birds/pen were 
sacrificed and the following measurements were taken; part 
weights, carcass yields, breast fillet myopathies, and meat 
quality. Breast fillets were observed for woody breast and 
white striping and given a score from 0 (normal) to 3 
(severe). Data were analyzed using one-way ANOVA in JMP 
Pro22 fit-model (SAS Institute, 2022) within a randomized 
complete block design. There were no growth performance 
differences during the starter phase (P>0.05). During the 
grower phase, CON added 29 more grams of BWG 
(P=0.003), and 35g more FI than NEX75. During the finisher 
phase, NEX100 had 62g more BWG (P=0.028) than CON. 
For the whole growth phase, NEX100 had a 2.1-point 
improvement (P=0.024) in FCR compared with CON. Day 40 
processing body weights, and carcass weights were heavier 
for the NEX100 fed birds compared to the CON birds 
(P<0.05). No significant carcass yields were observed 
(P>0.05), yet NEX75 and NEX100 numerically increased 
breast meat yield compared to CON by 0.37 and 0.42% 
(P=0.220), respectively. Breast fillets exhibited no 
differences in incidences of woody breast or white striping 
(P>0.05) among treatments. There were no effects of 
treatment on breast fillet pH, drip-loss, lightness, and 
redness (P>0.05). The NEX75 breast fillets had more 
yellowness than both other dietary treatments (P=0.003). In 
conclusion, the supplementation of the phytogenic 
NUQO© NEX improved finisher performance parameters, 
whole phase FCR, processing carcass weights, and breast 
fillet yellowness, at varying inclusion levels. 

374P Investigation of Eimeria vaccination strategies to 
control coccidiosis in turkeys. Demilade I. Ibiwoye*1, 
Majid Ali2, Philip Yeboah1, Thaciane L. Amaral1, Lisa 
Bielke1; 1North Carolina State University, Prestage 
Department of Poultry Science, Raleigh, North Carolina, 
United States; 2The University of Agriculture, Department of 
Poultry Science, Peshawar, Pakistan. 

Cycling of Eimeria oocysts in poultry flocks is important to 
control in order to prevent clinical coccidiosis during the 
immune-latent period between exposure to live Eimeria and 
development of protective immunity. Low doses 
of Eimeria during vaccination can have inconsistent 
exposure throughout a flock, leading to disease in 
unvaccinated poults. However, previous studies have shown 
that high dose vaccination can easily result in high morbidity 
and mortality. This study investigated strategies to increase 
exposure to Eimeria vaccination while limiting clinical 
disease when E. gallopavonis was included in a coccidia 
vaccine. 400 poults were randomly assigned to four 
treatments of five replicates each, namely: low-dose (L), low-
dose with amprolium (LA), high-dose (H), and high-dose with 
amprolium (HA). The birds were immunized on day of hatch 
with a vaccine containing live Eimeria oocysts 
of E. adenoeides, E. gallopovonis, and E. 
meleagrimitis strains. 30% of birds in L and LA received 100 
oocysts/bird while 70% of birds in H and HA were immunized 
with 500 oocysts/bird. Litter in all pens was moistened with 
a light spray of water daily for the first week to promote 
cycling of oocysts. Amprolium was included at label 
recommended levels in drinking water d8 to d13 in 
designated pens. Fecal samples were collected at 3-day 
intervals from each pen d6 through d32 to determine oocyst 
shedding. The H group peaked at d9 with 807,192 ± 86,192 

OPG, followed by a steep decline with all other sampling 
days remaining below 370,000 OPG. L group peaked at d15 
with 2,388,809 ± 1,430,196 OPG, followed by a steep 
decline with all other sampling days remaining below 
580,000 OPG. By d21, OPG in all groups were statistically 
similar (p>0.05), with all counted values below 110,000 
OPG. L pens continued to show the highest, though not 
significant, low-level shedding until the end of the study. 
Though OPG was highest in LA at d21, these pens had the 
lowest overall shedding throughout the test period. ANOVA 
analysis showed that amprolium had a significant main effect 
(p<0.05) on reduced oocyst shedding compared to the 
groups without amprolium. These findings suggest that a 
period of anticoccidial administration during the immune-
latent period can limit oocyst shedding and potentially 
undesired side effects, though its efficacy in terms of growth 
performance and development of immunity remain to be 
demonstrated. Turkey flocks experiencing high morbidity 
and mortality associated with Eimeria vaccination should 
consider the inclusion of anticoccidials in drinking water 
during the early stages of Eimeria cycling to decrease these 
side effects. 

375P Anticoccidial sensitivity profile of Eimeria in a 
turkey flock after autogenous vaccination program. 
Thaciane L. Amaral*1, Philip Yeboah1, Demilade I. Ibiwoye1, 
Toni Sullivan1, Kate McGovern2, Elizabeth Beilke3, Lisa 
Bielke1; 1North Carolina State University, Prestage 
Department of Poultry Science, Raleigh, North Carolina, 
United States; 2The Ohio State University, Department of 
Animal Science, Wooster, Ohio, United States; 3West 
Liberty Foods, West Liberty, Iowa, United States. 

Avian coccidiosis is one of the most common diseases in 
poultry and causes the loss of billions of dollars every year 
in low performance, treatment, and prevention, which 
depend on vaccination and the use of anticoccidial 
medications, which are losing their efficiency due to 
resistance. A test for anticoccidial sensitivity (TACS) was 
carried out in 2019 to provide an overview of sensitivity and 
resistance of Eimeria on a commercial turkey farm, followed 
by a repeated test in 2022 to check the sensitivity status after 
continuous vaccination with an autogenous vaccine known 
to contain anticoccidial-sensitive strains of E. 
gallopavonis, E. meleagrimitis, and E. adenoeides. 
Autogenous vaccine was provided for poult placements 
throughout 2021 – 2022, with breaks during the summer 
months. In the TACS studies, seven treatments including 
inoculated control, amprolium, lasalocid, diclazuril, 
monensin, clopidol, and zoalene were included at label-
recommended rates with 4 pens each containing 4 birds. At 
d14, medication was initiated and on d16, samples from the 
farm were administered at 100 sporulated oocysts/bird by 
oral gavage. Excreta were collected on days 21 - 23 for 
oocyst count per gram of excreta (OPG). The number of 
oocysts shed by the control group was compared to other 
treatments and values entered into the rating ranges as a 
relative calculation: Sensitive (-100% to -80%), Reduced 
sensitivity (-79% to -30%), Resistant (> -29%). In 
2019, Eimeria strains were resistant to all drugs except 
monensin and clopidol, which showed reduced sensitivity (-
37.06% and -62.28%, respectively). However, 2022 results 
show that the strains were sensitive to all drugs, except 
zoalene, which showed reduced sensitivity (-51.71%), and 
lasalocid, which was resistant (33.14%). Data between the 



 

2023 PSA Annual Meeting Abstracts 174 
 

two TACS were analyzed using a paired t-test with 
significance denoted at p<0.05 to compare 2019 to 2022 
samples from the same farm. Eimeria isolated from the flock 
showed significant changes in OPG for all treatments, 
indicating an improved result for diclazuril (p<0.001), 
lasalocid (p=0.0072), amprolium (p=0.0441), monensin 
(p<0.001), clopidol (p=0.0139), and zoalene (p=0.0085). 
These demonstrate the effective strategy of applying 
anticoccidial sensitive Eimeria in a vaccine to restore 
sensitivity to a commercial premise. 

376P Zinc bioavailability in zinc hydroxychloride 
sources and the effects on growth in chicks. Pam 
Utterback*1, C Domenech2, M Smiricky-Tjardes3, Jennifer 
Blair1, Rebekah Drysdale1, Andrew Hack1, Minoy Cristobal4, 
Jeremy Glende1, Benjamin Parsons5, Carl Parsons1; 
1University of Illinois, Animal Sciences, Urbana, Illinois, 
United States; 2SAM Nutrition, Bloomington, Minnesota, 
United States; 3Independent Nutritionist, , Blair, Nebraska, 
United States; 4University of Illinois at Urbana-Champaign, 
Animal Sciences, Champaign, Illinois, United States; 
5University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States. 

A chick assay was conducted to determine the effects of Zn 
source on performance and to establish a Zn relative 
bioavailability value (RBV) for two sources of Zn 
hydroxychloride. In the assay, 8-d-old chicks were fed a Zn-
deficient soy protein diet supplemented with 0, 7, and 15 mg 
Zn/kg from feed grade ZnSO4 for 14 d to establish a 
standard response curve. The same basal diet was 
supplemented with 3, 7, and 10 mg Zn/kg from Zn 
hydroxychloride (SAMZn). A second source of Zn 
hydroxychloride (XZn) was supplemented at 10 mg Zn/kg as 
a direct comparison to the highest level of SAMZn. All diets 
were fed to 6 replicates of 4 chicks. Data were analyzed 
using a one-way ANOVA procedure for a completely 
randomized design and multiple linear regression analyses 
were performed using Proc GLM in SAS. The probability 
level for statistical analyses was P < 0.05. Weight gain 
increased (P < 0.05) with increasing Zn level, regardless of 
source. Weight gain of chicks fed 7 mg Zn/kg from SAMZn 
was not different (P > 0.05) from chicks fed 15 mg Zn/kg from 
ZnSO4. Weight gain was not different (P > 0.05) when 
comparing the 2 sources of Zn hydroxychloride 
supplemented at 10 mg Zn/kg. Feed intake, gain: feed, bone 
weight, and bone ash increased (P < 0.05) with Zn 
supplementation. Tibia ash Zn and total tibia Zn responded 
linearly (P < 0.05) to Zn supplementation. Total tibia Zn 
concentration was the same (P > 0.05) for chicks fed 10 mg 
Zn/kg from either source of Zn hydroxychloride. Multiple 
linear regression of total tibia Zn on supplemental Zn intake 
(R2 = 0.94) resulted in a RBV of 115% for SAMZn and 107% 
for XZn compared with ZnSO4 (set at 100%). The RBV of 
SAMZn was higher (P < 0.05) than ZnSO4, but not different 
(P > 0.05) when compared with the XZn Zn hydroxychloride 
source. In summary, Zn bioavailability of Zn hydroxychloride 
from SAMZn was higher than feed grade Zn sulfate and 
similar to that of XZn Zn hydroxychloride. 

377P Effect of amino acids deficiency and classical 
conditioning on the behavioral repertoire of broiler 
chickens. Paula Torres1, Camila Pizarro1, Anya Santana1, 
Sergio A. Guzmán-Pino*1; 1Universidad de Chile, Santiago, 
Metropolitana, Chile. 

The behavioral repertoire of a bird can vary depending on 
the environmental factors to which it is faced. Thus, the 
presence/absence of certain behaviors provides important 
information about the general state of the animals. 
Moreover, broiler chickens might be trained to select 
conditioned stimulus following classical conditioning 
procedures associated with nutritional unconditioned 
responses. The objective of this study was to evaluate the 
effect of amino acids deficiency and classical conditioning on 
the behavioral repertoire of broiler chickens. A total of 64 
male broiler chickens (Ross 308) were assigned to a 2x2 
factorial design considering two levels of dietary crude 
protein (CP)/essential amino acids balance (HP group, diets 
with optimal CP/amino acid balance; and LP group, diets 
30% below optimal CP/amino acid unbalanced), and two 
levels of classical conditioning procedure (with or without 
conditioning). This resulted in four experimental groups of 
birds: HP conditioned, HP unconditioned, LP conditioned 
and LP unconditioned. To evaluate the behavioral repertoire, 
birds were video recorded for 10 minutes each day of the 
experimental period, which included two conditioning 
procedures (1, from days 10-22; and 2, from days 30-42 of 
the broilers’ productive cycle) with eight training days and 
four preference-test’ days each. Videos were then analyzed 
by using the behavior coding software BORIS with a 
previously defined ethogram that included exploratory, 
locomotor, alimentary, comfort and resting behaviors. Data 
obtained from duration or frequency of the observed 
behaviors were analyzed with ANOVA, considering the 
dietary amino acids level, the conditioning process and their 
interaction as main factors. Chickens on the HP group spent 
more time “sitting or lying down" than did birds on the LP 
group (p<0.001 in training 1, p=0.001 in preference test 1, 
p=0.007 in training 2 and p=0.044 in preference test 2). On 
the contrary, LP chickens spent more time "foraging" as 
compared to HP animals (p=0.012 in training 1, p=0.008 in 
preference test 1, p=0.046 in training 2 and p=0.006 in 
preference test 2). This pattern was not influenced due to the 
conditioning process; as significant time differences were 
observed in the expression of this behavior among LP 
conditioned group and HP conditioned and unconditioned 
groups in preference test 1 (p=0.007); and LP conditioned 
and HP unconditioned in preference test 2 (p=0.006). It is 
concluded that an amino acid deficiency is capable of 
modifying exploratory and resting behaviors in broiler 
chickens. In addition, birds were unable to compensate this 
deficiency through classical conditioning. 

378P Trends in mycotoxin contamination in 2022 
United States corn. Chasity Pender*1, Paige N. Gott1, Lan 
Zheng1, April W. Levy1; 1DSM Nutritional Products, 
Manassas, Virginia, United States. 

Historically, feed ingredients in the US have been shown to 
be contaminated by mycotoxins, which are secondary fungal 
metabolites that are detrimental to animal health as well as 
a key concern to global food and feed safety. The classic 
signs such as reduced feed intake and oral and intestinal 
lesions used as indicators of exposure often underestimate 
other costs of mycotoxicosis, including increased frequency 
and severity of disease via immunosuppression, 
inflammation, and modulation of the gastrointestinal 
environment. The objective of this study was to evaluate 
mycotoxin prevalence and contamination levels in corn from 
US 2022 harvest and compare those with previous years. 
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Samples of US corn were analyzed utilizing liquid 
chromatography and tandem mass spectrometry (LC-
MS/MS) for six major mycotoxin groups: aflatoxins (Afla), 
type A trichothecenes (A-Trich), type B trichothecenes (B-
Trich), fumonisins (FUM), zearalenone (ZEN), and 
ochratoxin A (OTA). The 2022 data were compared to the 
prior four harvest years using GLIMMIX procedure of SAS 
with harvest year as fixed effect and sample as the 
experimental unit with significance reported at P ≤ 0.05. For 
2022 harvest year, 312 corn samples have been evaluated 
to date. Mean B-Trich, ZEN, FUM and AFLA levels (parts per 
billion, ppb) for corn samples were similar in 2022 as 
previous years (P > 0.05). To date, 91% of samples 
evaluated contained at least one mycotoxin, similar to 89% 
observed in 2021 and 88% observed in 2020. Co-
occurrence in corn thus far is numerically higher in 2022 at 
67% compared to 57% in 2021. Currently, FUM is 
numerically the most prevalent mycotoxin group (76% 
positive; 2021: 64%) with mean levels numerically higher in 
2022 at 3555 ppb (2021: 2980 ppb; 2020: 2783 ppb). 
Prevalence of B-Trich in 2022 corn remains similar to 2021 
(69% vs. 69%), while prevalence of ZEN has slightly 
increased (28% vs. 31%). Afla prevalence has numerically 
increased year over year from 2019 (2022: 9%; 2021: 7%; 
2020: 5%; 2019: 3%). Average contamination levels in 2022 
for Afla (60 ppb), A-Trich (464 ppb), B-Trich (1,090 ppb), 
ZEN (357 ppb), and OTA (4 ppb) have remained consistent 
compared to previous years with no statistical differences 
observed. As the mycotoxin risk of this harvest season is still 
coming into focus, preliminary results of the 2022 corn crop 
survey indicate a continued risk of multi-mycotoxin 
contamination, while average contamination levels are 
similar than the prior crop year; thus mycotoxins may 
continue to challenge animal health and performance as 
these ingredients are fed out. 

379P A study on the relationship of corn grain 
hardness with mycotoxins contamination and nutrients 
composition. Cristina T. Simões*1, Janine A. Sarturi1, 
Isabella Torres1, Cristiane R. da Silva1, Luara M. Schlösser1, 
Isadora F. Laber1, Luriane C. Leal1, Carlos A. 
Mallmann1; 1Federal University of Santa Maria, Department 
of Preventive Veterinary, Santa Maria, Rio Grande do Sul, 
Brazil. 

This study was conducted to evaluate the relationship 
between corn grain hardness and the concentration of 
mycotoxins as well as nutrient and energy composition. A 
total of 80 samples of corn were obtained from the same 
experimental fields plots in southern Brazil. After harvested, 
samples (1 kg) were dried in a forced air oven at 55 °C for 
12 h. Analyses of hardness, mycotoxins concentration, and 
nutrient composition were conducted from each corn sample 
to analyze the correlation among these variables. Corn grain 
hardness was determined on a texture analyzer using a 
cylindrical probe (36 mm diameter). Ten randomly grains 
from each sample were individually placed horizontally on 
the platform and compressed until breakage at a test speed 
of 2 mm/s with a trigger force of 20 kg. The hardness was 
calculated as the maximum compression required to break 
the corn grain expressed in kgf. Values of crude protein 
(CP), starch, available P (Av. P), digestible amino acids (dig. 
AA), and metabolizable energy (AMEn) for poultry were 
predicted via NIRS, using the calibration curves from the 
AMINONRG® and AMINONir® programs. Total fumonisins 

(FBT = FB1 + FB2), total aflatoxins (AFT = AFB1 + AFB2 + 
AFG1 + AFG2), deoxynivalenol (DON), and zearalenone 
(ZEA) were quantified by HPLC-MS/MS. After the breaking 
strength analysis, corn grains were separated in three 
different groups according to their hardness: Group 1 (< 52 
kgf), group 2 (52 ≤ kgf < 54) and group 3 (≥ 54 kgf). Statistical 
analysis was conducted using the software SAS. Data from 
corn groups were subjected to ANOVA using the GLM 
procedure and means were separated using Tukey’s test at 
5% significance. Mycotoxins means were transformed by 
log10(x+1) prior to ANOVA. The Pearson’s correlation test 
was performed among corn hardness, mycotoxins, and corn 
composition. Corn hardness was negatively correlated (P < 
0.05) with fumonisins (-0.33) and starch (-0.23), but 
positively correlated (P < 0.05) with CP (0.42) and dig. 
Met+Cys (0.48), Lys (0.35), Thr (0.44), Trp (0.34), Arg 
(0.42), Val (0.44), Ile (0.44), and Leu (0.44). There was no 
correlation among corn hardness and AFT, DON, ZEA, 
AMEn, and Av. P (P > 0.05). The corn Group 3 presented 
lower (P < 0.05) fumonisin concentration than Groups 1 and 
2. Hardness of corn also presented an effect on nutrient 
composition, where the Group 3 had greater CP and dig. AA 
compared to Groups 1 and 2 (P < 0.05). There was no effect 
of corn hardness on AFT, DON, ZEA, AMEn, Av. P, and 
starch among the three groups of corn (P > 0.05). Results 
from the present study indicated that fumonisins, starch, and 
amino acids composition on corn grains are correlated with 
the hardness of the grains. 

380P Modeling the thermal iInactivation of Salmonella 
Senftenberg during simulated low-temperature dry 
rendering of poultry rendered products to validate food 
safety for animal feeds. Aime Leandre Shimwa 
Mvuyekure*1, Matthew Taylor1, Rosana Moreira2; 1Texas 
A&M University, Animal Science, College Station, Texas, 
United States; 2Texas A&M University, Biological and 
Agricultural Engineering, College Station, Texas, United 
States. 

Poultry carcass offal rendering plays a pivotal role in 
livestock and pet food production by converting inedible and 
waste carcass materials into high-quality protein meals such 
as poultry meal, feather, and blood meal. Validation of the 
microbiological safety of rendered products is crucial in this 
process to prevent food safety hazards that might be 
otherwise transmitted to animal foods/feeds while helping 
the rendering industry comply with food safety regulatory 
standards. This study was conducted to validate inactivation 
and determine the death kinetics of 
thermotolerant Salmonella enterica in chicken feathers and 
blood in low-temperature dry rendering conditions. Chicken 
feathers and blood were inoculated with Salmonella 
enterica serovar Senftenberg and heated to 60, 70, or 80 °C 
for 60, 10, and 5 min respectively. Three replications with 
three samples processed at each time point (n=9) for each 
product were conducted. Following thermal treatment, serial 
dilutions of samples were plated and incubated for 24 h at 
37 °C before enumeration. Pathogen inactivation data were 
modeled empirically by the Baranyi and Roberts and 
Geeraerd non-linear models. Both models were analyzed for 
their ability to predict the experimental data using the 
goodness of fit parameters generated by fitting data in the 
Excel Add-In software package GInaFiT. Both primary 
models showed the survival curves for microorganisms 
inoculated chicken blood and feathers contained shoulder, 
log-linear, and tail components. The shoulder length 
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decreased from 2.84 to 0.90 min for blood and 6.07 to 2.23 
min for feathers as the temperature increased from 60 to 80 
°C using the Geeraerd model, and from 2.94 to 0.89 min for 
blood and from 5.96 to 2.35 min for chicken using the 
Baranyi model. The analysis also showed that >7-log 
reduction in microbial population was achieved across all 
three processing temperatures. The estimated maximum 
inactivation rate (kmax; 1/min) increased with temperature 
and D-values decreased with an increase in temperature for 
both feathers and blood. Study findings validate that low-
temperature processing conditions can successfully 
inactivate Salmonella pathogens in poultry-rendered 
products blood and feathers. Study results are directly 
applicable to commercial renderers’ food safety validation 
programming, and demonstrate the utility of rendering to 
safely upcycle inedible spent carcass materials into safe 
useful animal food/feed components, enhancing the 
sustainable production and handling of animal feeds. 

381P Spatial transcriptomics study revealed 
alterations in lipid metabolism of lipid laden 
macrophages in broiler chickens with wooden 
breast. Ziqing Wang*1, Behnam Abasht1, Paul Khondowe1, 
Erin Brannick1; 1University of Delaware, Newark, Delaware, 
United States. 

The goal of this study is to use spatial transcriptomics to 
characterize expression profile particular to different cell 
types and their potential interactions in Wooden Breast 
myopathy (WB), a muscle disease of high economic impact 
in modern commercial broiler chickens. Four randomly 
sampled broiler chickens were euthanized at 23 days post-
hatch, and a 1 cm3 muscle sample was dissected from the 
cranial part of the right pectoralis major muscle and 
immediately embedded in Optimal Cutting Temperature 
compound. These samples were subsequently processed 
with Visium Spatial Gene Expression kits (10X Genomics) 
followed by high-resolution imaging and sequencing on the 
Illumina Nextseq 2000 system. WB classification were 
based on histopathologic features identified by an ACVP 
certified veterinary anatomic pathologist. Obtained 
sequence reads were aligned to the chicken reference 
genome (Galgal6), mapped to histological images and 
analyzed for clustering as well as differential expression. 
Unsupervised K-means clustering and Seurat integrative 
analysis differentiated histologic features and their specific 
expression pattern including lipid laden macrophages, 
myofibers, myositis and vasculature. In particular, lipid laden 
macrophages exhibited reprogramming of lipid metabolism 
with increased expression of lipid transporters and genes in 
peroxisome proliferator-activated receptors pathway, 
possibly through CD36 molecule mediated signaling. 
Moreover, overexpression of fatty acid binding protein 5 
could enhance fatty acid uptake in adjacent veins. In regions 
with myositis, increased cathepsins expression may play a 
role in muscle homeostasis and repair by mediating 
lysosome and apoptosis. A better knowledge of different 
cell-type interactions at early stage of WB is essential in 
developing a comprehensive understanding of this 
myopathy. 

382P A comparison of woody breast severity scores 
determined by palpation and Warner-Bratzler shear 
force breast tenderness values for a fast and slow-
growing broiler strain. Cirenio Hisasaga*1, Maja M. 

Makagon2; 1University of California, Davis, Animal Science, 
Davis, California, United States; 2University of California, 
Davis, Dept. Animal Science, Davis, California, United 
States. 

Post-mortem palpations are commonly used in research 
settings to determine the severity of woody breast (WB), an 
economically relevant muscular myopathy, in broilers. 
Palpation involves the manual assessment of tactile 
hardiness across the breast fillets. Although palpations have 
been criticized for being subjective, the accuracy of 
instrumental texture analysis tests, such as Warner-Bratzler 
shear force test, in distinguishing differences between WB 
have been questioned. The purpose of this study was to 
compare WB severity scores using the Warner-Bratzler test 
and the palpation method. A total of 188 Ross 708 and 213 
Ranger Gold broilers were raised to their target ages of 42 
and 56 days, respectively. WB severities were determined 
post-mortem for each breast fillet per bird using a 3-point 
scale: normal (NORM), moderate (MOD), and severe (SEV). 
Breast fillets were stored at -20°C and were thawed for 24 h 
before cooking. Breast fillets were cooked to an internal 
temperature of 71°C, fillets were then cooled to an internal 
temperature range of 25-35°C. Tenderness was estimated 
as Warner-Bratzler shear force (kgf). At least two replicates 
from the same cranial region of each breast fillet were 
analyzed. A linear mixed model was used to evaluate 
differences in shear force based on WB severity, broiler 
breed and their interaction. Broiler ID was included as a 
random effect to account for multiple samples per broiler. A 
Spearman correlation test between replicates for each 
breast showed a moderate positive correlation r (798) = 
0.50, p < 0.05. Broiler strain and WB category did not have 
an interactive effect on shear force results (p > 0.5), and 
shear force values did not differ among WB categories (p > 
0.05). The average shear force for each WB category for the 
Ross 708 broilers was 2.74 ± 0.74 (NORM), 2.87 ± 0.68 
(MOD), 2.78 ± 0.67 kgf (SEV). For the Ranger Gold broilers, 
the average shear force for each WB category was 2.39 ± 
0.66 (NORM), 2.42 ± 0.59 (MOD), 2.60 ± 0.56 kgf (SEV). 
Ross 708 broilers had a significantly higher (p < 0.05) 
average shear force values (2.80 ± 0.03) versus Ranger 
Gold (2.47 ± 0.06) which aligns with the overall higher 
prevalence of WB in this strain (84% versus 67.5% in Ranger 
Gold). Similar shear force values across the different WB 
severities highlight the challenge of using a Warner-Bratzler 
test to determine WB severity. 

383P Microbiological quality of collected eggs in 
different days on alternative nests material in a cage-
free system. Thiago H. Yabuta*1, Yuri F. Corazza1, 
Leonardo H. Zanetti1; 1University of West Paulista, Bastos, 
São Paulo, Brazil. 

The Brazilian poultry field has been growing by the time due 
to the egg being an excellent nutritious food. Along with the 
growth comes the requirement of alternative breeding 
system besides the conventional method aiming for animal 
welfare. One alternative is the cage-free, where hens live 
free of cages and express natural behavior, also have 
access to perches, drinkers, feeders and especially the nest, 
being the most important place for production and showing 
a great challenge in terms of microbiological quality, 
because the egg is laid in a nest that can be composed by 
several types of material and stored until its collection, and 
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during this time direct contamination may occur in contact 
with feces, negatively affecting the egg quality. The current 
study had the purpose of evaluate the external and 
microbiological quality of eggs harvested from different 
nest’s material in cage-free. The experiment was carried out 
at the Zootechnical Center of the University of Oeste 
Paulista, Poultry sector – Campus II, located in Presidente 
Prudente City, São Paulo State, Brazil. In the experiment, 
was used 99 Dekalb White hens with 95 weeks of life. The 
experiment was conducted by a factorial experiment design 
3x3: 3 types of nest material (box 1 with reused wood-
shaving, box 2 with new hay and box 3 with new wood-
shaving, both box 2 and 3 went through disinfection and 
sanitization with chlorine) with 3 days of harvest (Day 1, 3 
and 7) at the same time. After the harvest, 3 eggs were 
chosen randomly from each box to collect possible 
microorganisms with a sterile swab and stored in a tube with 
sterile saline solution and sent to the laboratory to transfer 
the sample to the Petri dish, and after that was placed in an 
oven to observe bacterial growth and make the mesophilic 
bacteria count. In addition, was made an external analysis, 
sorting the eggs as clean (there being no external dirtiness), 
slightly dirty (with less than 20% of dirt in the shell), dirty (with 
more than 20% of dirt) and cracked (with a crack in the shell). 
The data were submitted to a statistic program AgroEstat by 
analysis of variance and Tukey test at 5% probability. 
Presenting the following results: new wood-shaving 
presented a mesophilic load of 2,52 log CFU/g with 53,40% 
of clean eggs, new hay presented 2,64 log CFU/g with 
28,36% of clean eggs and reused wood-shaving presented 
2,72 log CFU/g with 28,36% of clean eggs. Our results 
indicates that the new wood-shaving presented less 
contamination by mesophilic bacteria, providing more clean 
and viable eggs when compared to other materials; and it 
was possible to highlight that there is a need to clean the 
nests to avoid direct contamination and improve the 
microbiological quality of the eggs. 

384P Effects of different dietary methionine levels in 
normal or reduced protein diets on the expressions of 
cecal tonsil cytokines and hepatic methionine 
metabolism genes of broilers challenged with Eimeria 
spp. Guanchen Liu*1, Venkata Sesha Reddy Choppa1, 
Yuguo H. Tompkins1, Woo K. Kim1; 1University of Georgia, 
Department of Poultry Science, Athens, Georgia, United 
States. 

We aimed to investigate the effects of different methionine 
(Met) levels in normal or reduced crude protein diets on the 
expressions of cecal tonsil cytokines and hepatic methionine 
metabolism genes of broilers challenged with Eimeria spp. A 
total of 600 Cobb 500 male broiler birds were orally gavaged 
with 25,000 E. maxima, 25,000 E. tenella, and 125,000 E. 
acervulina sporulated oocysts on day 14. Birds were then 
randomly allocated in a 5×2 factorial arrangement (five 
different Met levels in normal or reduced protein diets). The 
normal protein (NCP) diet contained 20% crude protein 
(CP), and the reduced protein diet (LCP) contained 17% CP. 
Different levels of DL-Met were supplemented in both diets 
to reach 0.28%, 0.40%, 0.60%, 0.76%, and 0.92% of dietary 
Met levels. Cecal tonsils and liver were collected on 6 and 9 
days post inoculation (DPI). Data were analyzed by two way 
ANOVA and linear and quadratic orthogonal polynomial 
contrast. Means were separated by Tukey HSD test. The 
expressions of transforming growth factor β (TGBβ) on 6 DPI 

and IL10 and tumor necrosis factor α (TNFα) on 9 DPI were 
higher in the NCP than the LCP groups (P < 0.05). On 6 DPI, 
a significant interaction effect was observed (P < 0.01) that 
the expression of IL10 was higher in the LCP than the NCP 
groups only in the 0.60% Met group. Interaction effects were 
found for the expressions of TNFα on both 6 and 9 DPI, 
which were higher in the NCP than the LCP groups only in 
the 0.92% Met groups. On 6 DPI, expressions of IL10, 
TGBβ, and TNFα in the NCP groups exhibited significant 
quadratic trends (P < 0.05) as the Met levels increased. No 
significant treatment effects were found for the expressions 
of Met metabolism genes on 6 DPI. However, on 9 DPI, the 
expression of methionine adenosyltransferase 1A (MAT1A), 
adenosylhomocysteinase (AHCY), and cystathionine beta 
synthase (CBS) was lower (P < 0.05) in the LCP than the 
NCP groups. The expression of MAT1A, AHCY, CBS, and 
methionine synthase (MTR) linearly or quadratically 
decreased (P< 0.05) as the met level increased. In 
conclusion, our study demonstrated that the metabolism of 
methionine as well as immune responses were affected by 
the dietary protein levels in Eimeria challenged broilers. In 
addition, the dietary Met levels exerted dose dependent 
effects on the expression of cytokines and Met metabolism 
genes. 

385P Elevating branched-chain amino acids beyond 
the recommended requirements may have a negative 
impact on the performance of broilers fed reduced crude 
protein diets. Sosthene MUSIGWA1, Pierre Cozannet2, 
Shubiao Wu*1; 1University of New England, School of 
Environmental and Rural Science, Armidale, New South 
Wales, Australia; 2Adisseo France SAS, Paris, France. 

This study aimed to evaluate the impact of branched-chain 
amino acid (BCAA) levels above the recommended values 
on the performance of broilers fed reduced crude protein 
(RCP) diets with different energy densities. A Box-Behnken 
design was used comprising of three factors: net energy 
(NE, 9.0; 9.7 or 10.4 MJ/kg), BCAA (0%, 20% or 40% above 
the recommended requirements), and crude protein (CP, 
15%, 17% or 19%). Thus, 13 wheat-barley-based diets were 
formulated in three forms: mash, crumbles, or a combination 
of mash and crumbles. A total of 1092 as-hatched Cobb 500 
broilers was used, with 7 replicates per treatment and 12 
birds per replicate. Diets were offered as a common starter 
diet (d0 - 8), a common grower diet (d9 - 18), and test finisher 
diets (d19 - 35). The growth performance was evaluated by 
weighing the birds and feeds on d19, 28 and 35. Data were 
statistically analysed utilising the response surface of the 
JMP fit Linear Regression Models. The male percentage 
was used as a covariate, and the feed form was incorporated 
in the model to account for its impact. The study presents 
the results from d19 - 35. The significant interactions 
between factors (CP × NE and CP × BCAA) were fixed at 
0% excess BCAA and 9.7 MJ/kg NE, respectively. 
The results revealed significant interactions on weight gain 
(WG) between CP and NE (P < 0.001) and between CP and 
BCAA (P < 0.0001). The CP × NE interaction indicated that 
birds fed diets with high NE densities had greater WG when 
they were fed high crude protein (HCP) diets. When fed RCP 
diets, there was no difference in WG between birds fed low 
and high NE density diets. The CP × BCAA interaction 
showed that birds offered diets containing high levels of 
BCAA showed a decrease in WG when they were fed RCP 
diets, as compared to those supplemented with 0% 
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additional BCAA. In diets with HCP however, there was no 
effect on WG by the BCAA levels. The interactions on feed 
intake (FI) were also noted (CP × NE, P < 0.01 and CP × 
BCAA, P < 0.0001) showing a similar pattern as WG. A CP 
× BCAA interaction (P < 0.0001) was observed in relation to 
feed conversion ratio (FCR). This interaction indicated that 
4% additional BCAA supplementation resulted in higher 
FCR in RCP-diets compared to 0% additional BCAA, while 
BCAA levels did not affect FCR in HCP diets. Results from 
this experiment indicate that supplementing RCP diets with 
higher levels of BCAA than recommended may have a 
detrimental impact on broiler performance. 
Acknowledgements: This study was funded by Adisseo 
France in partnership with AgriFutures Australia and Poultry 
Hub Australia. 

386P Dynamics of intestinal immune cells and 
microbiome in broiler chickens fed diets supplemented 
with herbal extracts. June Hyeok Yoon*1, In Ho Cho1, 
Chae Won Lee1, Sang Seok Joo2, Myunghoo Kim2, Changsu 
Kong1,3,4; 1Kyungpook National University, Department of 
Animal Science and Biotechnology, Sangju, , Korea (the 
Republic of); 2Pusan National University, Department of 
Animal Science, Miryang, Korea (the Republic of); 
3Kyunpook National University, Department of Animal 
Science, Sangju, Korea (the Republic of); 4Kyungpook 
National University, Research Institute of Horse Industry, 
Sangju, Korea (the Republic of). 

The objective of the study was to investigate the effects of 
herbal extracts on intestinal immune cell profiles and 
microbiome in broiler chickens. A total of 192 10-day-old 
Ross 308 male broilers were allocated to 4 dietary 
treatments with 6 replicates (8 birds/cage) in a randomized 
complete block design, with body weight as the blocking 
factor. All birds were not challenged during the experimental 
period. Four experimental diets were formulated and fed to 
birds at each of 2 growth stages, grower (day 10 to 21) and 
finisher (day 21 to 28), resulting in 8 experimental diets in 
total. Four dietary treatments at each stage consisted of: (1) 
a basal diet without feed additives (control diet), (2) control 
diet + 0.3% Allium hookeri root extract (AL), (3) control diet 
+ 1% Artemisia argyi extract (AR), and (4) control diet + 400 
ppm Thymol (TH), at the expense of corn in the control diet. 
On day 28, 1 bird per cage corresponding to the median 
body weight was selected for the sample collection. 
Approximately 1 cm of jejunum tissue was used for jejunal 
immune cell isolation, and T cells and antigen-presenting 
cells in the lamina propria were measured by flow cytometry 
analysis. The cecal digesta were collected for microbiome 
analysis. Data were analyzed using the MIXED procedure of 
SAS, and treatment means between the control and 
supplemented groups were compared using contrast 
statements. Differential abundance of bacterial taxa was 
analyzed using Linear Discriminant Analysis Effect Size 
(LEfSe). The results showed that the proportion of major 
histocompatibility complex (MHC) class II of birds fed a diet 
containing AR was greater (P < 0.01) than the control diet. 
However, the CD3, Bu-1, and Monocyte/Macrophage cells 
of birds fed the AR diet were reduced (P < 0.05) compared 
with the control diet. The proportion of CD3+CD4+ cells of the 
AL group tended to decrease (P = 0.08), however 
CD3+CD8+ cells tended to increase (P = 0.07) compared with 
the control group. In the microbiome analysis, the indices of 
amplicon sequence variants, Shannon, and Gini-Simpson of 

birds fed the TH diet were greater (P < 0.05) than those fed 
the control diet. The Shannon index of the AL group was 
greater (P = 0.02) than the control group. The LEfSe analysis 
showed that the TH group had a greater abundance 
of Novisyntrophococcus, Roseburia, Rhabdanaerobium, 
and Cuneatibacter, and the AR group had a greater 
abundance 
of Clostridium, Limosilactobacillus, Desulfohalotomaculum, 
and Ruminococcus. The taxonomic richness 
of Natranaerovirga in the AL group increased. In conclusion, 
dietary phytogenic feed additive supplementation might shift 
jejunal immune cell populations and cecal microbiome of 
broiler chickens. 

387P Effects of the partial substitution of soybean meal 
with single-cell proteins meal (Torula yeast – Candida 
utilis) on growth performance, occurrence of footpad 
dermatitis and breast meat quality traits of broiler 
chickensMarco Zampiga*1, Francesca Soglia1, Raffaela 
Piscitelli1, Massimiliano Petracci1, Federico 
Sirri1; 1University of Bologna, Department of Agricultural and 
Food Sciences, Ozzano dell'Emilia, Bologna, Italy. 

The present study was carried out to evaluate the effects of 
the dietary replacement of soybean meal (SBM) with single-
cell proteins meal (from inactive Torula yeast – Candida 
utilis; SCP) during the grower and finisher phases on 
productive performance, occurrence of footpad dermatitis 
(FPD) and breast meat quality traits of broiler chickens. A 
total of 720 one-day-old Ross 308 male chicks was divided 
into 4 experimental groups (10 replicate pens/group): CON, 
receiving a commercial SBM-based diet throughout the trial 
(0 – 42 days) and SCP2, SCP4 and SCP6, which were fed 
the CON diet during the starter phase (0 – 14 days) and then 
grower (15 – 29 days) and finisher (30 – 42 days) diets with 
2, 4 or 6% SCP meal as partial replacement for SBM, 
respectively. All diets were isoenergetic and isonitrogenous. 
Growth performances were evaluated on a pen basis at the 
end of each feeding phase (14, 29 and 42 days). At 
processing (42 days), the incidence and severity of FPD 
were determined on all birds, while 15 breasts/group were 
collected to assess the main meat quality traits (i.e., 
proximate composition and technological properties such as 
pH, color, water holding capacity and shear force). 
Performance and meat quality data were analyzed through 
one-way ANOVA, while chi-square test was applied for the 
data concerning FPD. Considering the overall trial (0 – 42 
days), no significant effect of the dietary treatments was 
observed on growth performance, although final body weight 
and daily weight gain tended (P = 0.07) to be negatively 
affected by increasing levels of SCP (3,083 vs. 3,058 vs. 
2,988 vs. 2,942 g and 72.2 vs. 71.6 vs. 69.8 vs. 68.8 
g/bird/day for CON, SCP2, SCP4 and SCP6, respectively; 
linear: P < 0.01). Daily feed intake and feed conversion ratio 
were similar among groups (109.1 vs. 108.0 vs. 106.9 vs. 
106.3, g/bird/day and 1.603 vs. 1.596 vs. 1.619 vs. 1.626, 
respectively). At 42 days, body weight uniformity as well as 
the occurrence of FPD did not exhibit substantial variations. 
Proximate composition and technological properties of 
breast meat were not affected by the dietary treatments, with 
only yellowness that increased as the dietary content of SCP 
increased (7.67 vs. 8.57 vs. 9.11 vs. 10.38, respectively for 
CON, SCP2, SCP4 and SCP6; P < 0.01). Overall, the partial 
substitution of SBM with moderate amounts of SCP meal (2 
- 6%) from 15 to 42 days did not significantly affect 
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productive performance of broilers, particularly in terms of 
feed conversion efficiency, and exerted no adverse effects 
on traits related to animal welfare and meat quality. 

388P Assessment of animal welfare status on 
conventional and animal welfare certified broiler 
farm. Byung-Yeon Kwon*1, Hyun-Gwan Lee1, Yong-Sung 
Jeon1, Ju-Yong Song1, Sang-Ho Kim2, Dong-Uk Kim3, 
Kyung-Woo Lee1; 1Konkuk University, Department of Animal 
Science and Technology, Gwangjin-gu, Seoul, Korea (the 
Republic of); 2K-AniWel, Suwon, Korea (the Republic 
of); 3Korea National University of Agriculture and Fisheries, 
Department of Livestock, Jeonju, Korea (the Republic of). 

Animal welfare has become a global concern, especially in 
the poultry industry. In this study, we attempted to evaluate 
the welfare status of broilers raised in either conventional or 
animal welfare certified farm in Korea. Animal welfare status 
of broilers were assessed on 1 conventional farm and 1 
animal welfare certified farm, both rearing commercial 
broilers in the same geographic location. Data were obtained 
from two broiler houses per farm and 12 locations (6 
locations per house, 13 to 18 birds/location/house) on both 
farms. The conventional farm had a stocking density of 
approximately 20.2 birds/m2 and no perches installed, with a 
light intensity between 8-12 lux. In contrast, the animal 
welfare certified farm had a stocking density of ca. 16.7 
birds/m2, provided 2 meters of perch per 1000 birds, and 
maintained a light intensity of approximately 20 lux. Animal 
welfare indicators were assessed at 26 days of age in 
summer and autumn using the Welfare Quality® assessment 
protocol for poultry (2017) to evaluate footpad dermatitis, 
hock burn, and feather cleanliness on a 3-point scale, and 
the gait score using the AssureWel meat chicken 
assessment protocol (2016) on a 3-point scale. In addition, 
litter quality including moisture, nitrogen content, and pH 
was analyzed. The litter quality was analyzed using a 
student's t-test. The welfare assessment scores were 
processed using a chi-square test, and Fisher's exact test 
was performed when at least one expected frequency was 
less than 5. All statistical analyses were performed using 
SAS software version 9.4 (SAS 9.4, Cary, NC. SAS Institute 
Inc.). The nitrogen content of the litter in summer tended to 
be lower on the animal welfare certified farm compared with 
the conventional farm (P=0.055). No significant differences 
between farms were noted in moisture and pH (P>0.05). 
Footpad dermatitis was not different between two farms in 
summer. However, a negative result was found for hock burn 
on the conventional farm compared with the animal welfare 
farm in summer (P=0.002). Feather cleanliness tended to be 
higher on the conventional vs. animal welfare certified farm 
(P=0.090). In autumn, the conventional farm exhibited low 
animal welfare indicators (i.e., footpad dermatitis (P=0.019), 
hock burn (P<0.001), and feather cleanliness (P<0.001)) 
compared with the animal welfare certified farm. Gait scores 
were not different between the two farms in summer and 
autumn (P>0.05). This study confirms that conventional vs. 
animal welfare certified farm resulted in a reduced state of 
animal welfare and the impaired animal welfare in the 
commercial farm was found to be more severe in autumn vs. 
summer. 

389P The positive impact of a Bacillus pumilus-based 
product on broiler performance and lesion scoring 
during necrotic enteritis-induced challenge. Florence 

Barbe1, Elizabeth Krushinskie*2, Pierre Lebreton1, Audrey 
Sacy1, Vanessa Demey1, Eric Chevaux1, Mathieu Castex1, 
Brett Lumpkins3, Greg F. Mathis3; 1Lallemand Animal 
Nutrition, Blagnac, France; 2FSRM Consulting LLC, Verona, 
Virginia, United States; 3Southern Poultry Feed & Research 
Inc., Athens, Georgia, United States. 

Necrotic Enteritis (NE) is a multifactorial bacterial disease 
mainly observed in broilers and costing the poultry industry 
up to US$ 6 billion per year in control measures and 
productivity losses. The aim of this study was to investigate 
the effect of a Bacillus pumilus AQP4275 (BP)-based 
product (EffiXience, Lallemand) on the performance and 
intestinal lesions of broilers submitted to NE challenge 
induced by Clostridium perfringens (CP). 1 day old male 
Cobb 500 broiler chicks were randomly allocated to 4 groups 
replicated in 10 cages (8 birds/cage, 80 birds/group) during 
28 days: 1) negative control (NC), 2) positive control (PC), 
3) antibiotic (ATB, virginiamycin, 20 g/ton feed), 4) BP (5e8 
cfu/kg). On d14, all birds were orally inoculated with E. 
maxima and birds from groups 2, 3 and 4 were additionally 
challenged with CP on d19, 20 and 21. Birds’ body weight 
(BW) and feed refusals were recorded on d0, 14, 21 and 28. 
On d21, 3 birds randomly selected from each cage (30 
birds/group) were examined for the degree of NE intestinal 
lesions (0: normal – 3 : severe). Performance data were 
analyzed at each time point or period by one-way ANOVA. 
BW heterogeneity was calculated at each time point by : 
CV% = standard deviation/mean of BW (1 value per group). 
The average of NE lesions per group was analyzed by one-
way ANOVA, while the percentage of birds inside each 
category of NE lesions was analyzed by Khi2 test. The NE-
related mortality was calculated per period for each group 
and analyzed by Kaplan-Meier test. The challenge 
successfully induced moderate to heavy NE infection 
characterized by lower performance (PC vs NC: -15% BW 
d21, P<0.1; -22% ADG 0_28, P<0.05; +31% FCR 0_28, 
P<0.05), increased NE-related mortality (+20% on the whole 
period, P=0.001) and induced higher level of severe NE 
lesions (NC: 100% score 0; PC: 3% score 0, 67% score 1, 
27% score 2, 3% score 3, P<0.001). Whereas BW and ADG 
were similar between PC and the 2 other challenged groups, 
BP improved FCR compared to PC (-9% vs PC, P<0.05), 
with ATB being intermediate (-5% vs PC, P<0.05). The 
challenged control group (PC) presented high BW 
heterogeneity, while ATB and BP improved BW 
homogeneity at d28 (-4 pts and -5 pts CV% vs PC for ATB 
and BP, respectively). NE-related mortality was not 
significantly different between the challenged groups despite 
numerical reduction in ATB (31% reduction vs PC) and BP 
(13% reduction vs PC) groups. The severity of NE lesions 
were alleviated by ATB and BP (PC: +27%, ATB: +10%, BP: 
+13% for score 2 and no score 3 for ATB and BP, P<0.001). 
In conclusion, the strain of Bacillus pumilus tested in this 
study mitigated the negative effects of NE in broilers at a 
comparable level of magnitude as the antibiotic. 

390P The positive impact of a Bacillus pumilus-based 
product on oocyst excretion, bone length, welfare 
scores and lesion scoring during coccidiosis-induced 
challenge. Florence Barbe1, Elizabeth Krushinskie*2, Pierre 
Lebreton1, Audrey Sacy1, Vanessa Demey1, Eric Chevaux1, 
Mathieu Castex1, Tilimachos Mantzios3, Georgios A. 
Papadopoulos4, Ilias Giannenas5, Vasilios Tsiouris3; 
1Lallemand Animal Nutrition, Blagnac, France; 2FSRM 
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Consulting LLC, Verona, Virginia, United States; 3Aristotle 
University of Thessaloniki, Unit of Avian Medicine, School of 
Veterinary Medicine, Thessaloniki, Greece; 4Aristotle 
University of Thessaloniki, Laboratory of Animal Science, 
School of Veterinary Medicine, Thessaloniki, Greece; 
5Aristotle University of Thessaloniki, Laboratory of Nutrition, 
School of Veterinary Medicine, Thessaloniki, Greece. 

The poultry industry is one of the main providers of protein 
for the world's population, but it faces great challenges 
including coccidiosis, one of the diseases with the most 
impact on productive performance, leading to economic 
losses. Coccidiosis is caused by Eimeria parasites, which 
alter the function of the intestinal tract, generating 
malabsorption of nutrients. The aim of this study was to 
investigate the effect of a Bacillus pumilus AQP4275 (BP)-
based product (EffiXience, Lallemand) on coccidial oocyst 
(OPG) excretion, bone length, welfare and lesion scoring in 
broilers submitted to coccidiosis. Day old mixed sex Ross 
308 broiler chicks were randomly allocated to 3 groups 
replicated in 4 pens (14-15 birds/pen) during 35 days: 1) 
negative control (NC), 2) positive control (PC), 3) BP (5e8 
cfu/kg). On d14, birds from groups 2 and 3 were orally 
inoculated with E. acervulina, E. maxima and E. tenella. 
Feces from all pens were collected during the acute phase 
of the challenge (days 17-22) for the assessment of OPG 
excretion. Femur length was measured at d35 on 20 
birds/group. Liver (0: normal - 1 : lesion) and intestinal lesion 
scores (0: normal – 2 : severe) were analyzed at d21 on 20 
birds/group. A dysbacteriosis lesion score (0: normal – 5: 
most severe) was calculated at d35 on 20 birds/group. 
Cloaca score (1: normal – 3: dirty) was analyzed for 
presence of diarrhea at d17, d19 (48 birds/group) and d22 
(20 birds/group). Fecal score (1: firm – 3: liquid) was 
analyzed the same days on 10 samples/pen. Litter score (1: 
dry – 3: lightly wet) was analyzed at days 15, 19, 20 and 21 
on 3 samples/pen. At each time point, OPG and femur length 
were analyzed by one-way ANOVA, while scoring data were 
analyzed by Khi2 test. OPG excretion was faster in BP, while 
it appeared delayed in PC, with an excretion peak at d19 for 
BP (P=0.001) and at d20 for PC (P<0.05). Femur length was 
increased by the coccidiosis challenge (PC: +3% vs NC), 
while BP showed intermediate value (BP: +1% vs NC) 
(P=0.1). BP alleviated the negative effects of the challenge 
on liver lesions (score 1: PC: 20%, BP: 5%; P<0.1), intestinal 
lesions (score 2: PC: 5%, BP: 2%; P<0.001) and 
dysbacteriosis score (score 5: PC: 5%, BP: 0%, P<0.05). 
Welfare scores were also improved following BP 
supplementation: NC and BP presented higher percentage 
of cloaca score 1 than PC (NC and BP: 95% vs PC: 85% at 
d17 – P<0.05 and d19 – P<0.1; NC and BP: 100% vs PC: 
95% at d22, NS). BP presented also 100% of fecal score 1 
at days 17 and 22 (P<0.1), while litter score appeared 
downgraded following the challenge and improved with BP 
(P=NS). In conclusion, the strain of Bacillus pumilus tested 
in this study mitigated the negative effects of coccidiosis in 
broilers. 

391P Rolling window based age correction factor for 
more robust and interpretable analysis of blood 
biomarker data in broiler chickens. Kevin S. Freeman*1, 
Chelsea Phillips1, Lisa Laprade1, Aaron Cowieson2; 1DSM 
Nutritional Products, Lexington, Massachusetts, United 
States; 2DSM Nutritional Products, Kaiseraugst, 
Switzerland. 

Hematological and blood chemical measurements can be 
used as biomarkers to monitor the nutrition, health, and 
welfare status of poultry. These blood biomarkers can be 
used to identify anomalies, track seasonal or geographical 
trends, explain differences in live performance outcomes, 
monitor the effect of veterinary or nutritional intervention and 
also have predictive capacity. Deviations in blood biomarker 
signatures are also often observed before an issue becomes 
clinical and as such may have potential as an early warning 
system. We have used point of care blood devices to curate 
a database of blood measurements in commercial broiler 
chickens and have observed that over the lifespan of the 
broiler, the normal range for certain biomarkers changes. 
This presents a challenge for downstream analysis. It is 
difficult to compare birds at different ages, and any models 
or indices developed to understand the data will have to 
account for age. To correct for age, we tested a rolling 
window-based approach. For each age in the dataset, a 
range of data within a certain number of days of that age was 
selected and the median calculated for each biomarker 
using the Python package Pandas version 1.5. Then the 
measurements for each individual were divided by these 
rolling medians or “correction factors”. Using the rolling 
window is a more robust approach than calculating the 
correction factor based on just one day at a time because 
there are varying numbers of observation for each age. This 
could lead to drastic swings in the correction factor from one 
age to the next, instead of a smooth age effect. In a large 
test dataset, before age correction 8 biomarkers had a 
correlation with age with a correlation coefficient (Pearson’s 
R) > 0.3, a typical threshold for a “moderate” correlation. 
After age correction, none of these biomarkers correlated 
with age with a coefficient > 0.3. The average correlation 
coefficient in these 8 markers was 0.43 before correction and 
0.03 after correction. This shows that a rolling-window age 
correction can be an effective tool for removing the effects of 
age from biomarkers, allowing comparisons between 
cohorts of birds of different ages. 

392P Turkey hen sperm storage tubule transcriptome 
response to the presence of semen. Madison Berger*2, 
Charlene Hanlon2, Julie Long1, Kristen Brady1; 1USDA-ARS, 
Beltsville, Maryland, United States; 2Auburn University, 
Department of Poultry Science, Auburn, Alabama, United 
States. 

Sperm storage tubules (SST) in the uterovaginal junction 
(UVJ) serve as the primary sperm storage site within the 
hen, with SST function tightly linked to hen fertility rates. To 
examine the impact of resident sperm on SST gene 
expression, SST were isolated using laser capture 
microdissection from sham and semen inseminated (2 pre-
lay and 1 post-lay insemination) turkey hens at day 1 (D1), 
30 (D30), and 90 (D90) post-insemination (n=3/group) and 
were sequenced on an Illumina HiSeq platform. K-medoids 
cluster analysis was performed on mapped reads using CLC 
Genomics Workbench software to identify genes with 
temporal expression profiles impacted by insemination 
treatment. A Sankey plot with six clusters defining three 
expression profiles (peak expression at D1, D30, and D90) 
for each insemination group was generated and 
encompassed a total of 1842 genes. Of the genes identified, 
560 genes exhibited similar expression profiles throughout 
the experimental timepoints in both sham and semen 
inseminated samples. The remaining 1282 genes exhibited 
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different expression profiles throughout the experimental 
timepoints across the insemination groups. Enriched gene 
ontology terms and KEGG pathways were identified for each 
cluster using the functional annotation analysis tool in 
DAVID, which utilizes Fisher's Exact test to statistically 
determine gene-enrichment in annotation terms (gene count 
> 5, p < 0.05). Genes with similar temporal expression 
profiles in both insemination groups were associated with 
extracellular matrix (ECM) receptor interactions and focal 
adhesion at D1, ECM organization and negative regulation 
of epithelial to mesenchymal transition at D30, and cell 
adhesion and cytoskeletal binding at D90. Genes with 
dissimilar temporal expression profiles in the insemination 
groups were associated with the TCA cycle and 
citrate/carbohydrate metabolism at D1, cell migration and 
vesicle exocytosis at D30, and circadian clock photoperiodic 
regulation and FoxO signaling at D90, with these processes 
upregulated in semen inseminated samples compared to 
sham inseminated samples. Resident sperm altered SST 
gene expression, with crucial aspects of SST function, such 
as cellular metabolism and vesicle exocytosis, activated by 
the presence of semen and the transcriptome impact 
decreasing with increased duration from insemination. A 
subset of genes involved in cellular adhesion and ECM 
dynamics were not impacted by the presence of semen, 
indicating additional time-dependent transcriptome 
regulation in SST. Identification of semen-dependent and 
time-dependent transcriptome changes in SST is imperative 
for defining the molecular link between SST functionality and 
fertility. 

393P The positive effect of probiotic supplementation 
on calcium metabolism and bone resistance and 
mineralization in old layers. Florence Barbe1, Nathan E. 
COLLINS*2, Elizabeth Krushinskie3, Pierre Lebreton1, 
Audrey Sacy1, Vanessa Demey1, Eric Chevaux1, Mathieu 
Castex1, In Ho Kim4; 1Lallemand Animal Nutrition, Blagnac, 
France; 2Elanco Animal Health, Greenfield, Indiana, United 
States; 3FSRM Consulting LLC, Verona, Virginia, United 
States; 4Dankook University, Department of Animal 
Resource and Science, Cheonan, Korea (the Republic of). 

The close link between intestinal microbiota and bone health 
(‘gut-bone’ axis) has recently been revealed: the modulation 
of the amount and nature of bacteria present in the intestinal 
tract has an impact on bone health and calcium (Ca) 
metabolism (Li et al., 2021; Tu et al., 2021). The objective of 
this study was to investigate the effect of a probiotic (P. 
acidilactici, CNCM I-4622, Bactocell, Lallemand: PA) on 
laying performance, egg quality, Ca metabolism and bone 
strength in old layers (50 wks old) during 14 wks. 480 Hy 
Line brown layers were divided into 2 groups (3 layers/rep, 
80 rep/group) which were fed with a diet formulated to be 
suboptimal in Ca and phosphorus (P) (-10% of the 
requirements), containing PA at 100 g/ton feed or no 
probiotic (control: C). The laying rate (LR), the weight of 
marketable eggs, the feed conversion ratio (FCR), the % of 
downgraded eggs (dirty, broken, soft, bloody eggs) were 
recorded weekly, while egg quality (Haugh units: HU and 
eggshell weight %) was measured every 2 weeks. The Ca 
and P digestibility, the parameters related to bone 
(hardness, cohesiveness, Ca, P) and blood biomarkers 
related to Ca metabolism (Ca, P, calcitriol, osteocalcin, 
cortisone, PTH, ALP) were measured at start and end of the 
study. Parameters were analyzed by a mixed repeated-

measures statistical model with the initial data entered as 
covariate. There was no difference between the 2 groups for 
the laying rate, while PA increased the weight of marketable 
eggs by 0.9% (P<0.001), improved FCR by 1% (P<0.05) and 
reduced the % of downgraded eggs by 0.4 pts (P<0.1). HU 
and the eggshell weight % were increased respectively by 
6.3% (P<0.05) and 0.3 pts (P<0.1) with PA. Ca and P 
retention were increased by 4 pts following PA 
supplementation (P<0.05), translating into increased bone 
hardness (+19%, P=0.1), bone cohesiveness (+43%, 
P<0.05) and bone Ca and P (P<0.05) for PA-supplemented 
layers. Blood Ca and P were respectively increased by 5% 
and 12% with PA (P<0.05). Blood calcitriol (promoter of Ca 
absorption) and osteocalcin (biomarker of osteoblast 
activity) were increased respectively by 83% (P<0.05) and 
3% (P<0.1) with PA, while there was no difference between 
the 2 groups for PTH, ALP and cortisone. Overall, the 
improvement of Ca and P absorption with PA resulted in 
better bone mineralization, illustrated by better bone 
resistance, higher eggshell weight and reduction of 
downgraded eggs, which can positively impact the longevity 
of the production cycle. 

394P The effect of adding non-starch polysaccharide 
enzymes on FCR of broiler chickens and its correlation 
with in-vivo energy digestibility. Wilfredo D. Mansilla*1, 
Reza Kakhki1, Saritha Saraswathy2, Neil Jaworski2, Ana I. 
Garcia-Ruiz1; 1Trouw Nutrition, Poultry R&D, Viso de San 
Juan, Toledo, Spain; 2Trouw Nutrition, Global Nutrition 
Formulation, Amersfoort, Netherlands. 

Contrary to formulating with corn, wheat, and soybean meal, 
using greater amounts of alternative feed ingredients (AFI) 
(e.g., rapeseed meal, sunflower meal, barley, oats) 
increases the feed conversion ratio (FCR) of broilers. The 
activity of non-starch polysaccharide enzymes (NSPases) is 
commonly evaluated in digestibility trials; however, 
producers tend to disregard digestibility data as performance 
effects are preferred. This study determined the effect of 
adding commercial NSPases to diets formulated with high 
inclusion of AFI and the correlation between in-vivo energy 
digestibility and the FCR of broiler diets. In total, 2,256 one-
day-old male broiler chickens were used (47 chicks/pen). A 
positive control (Pos Ctrl) treatment was formulated with low 
inclusion of AFI. The total inclusion of AFI was 12.5, 16.9, 
and 11.5% in the starter, grower, and finisher phases, 
respectively. A negative control (Neg Ctrl) was formulated 
with -60, -125, and -125 kcal AME, compared with the Post 
Ctrl in the starter, grower, and finisher phases. The reduction 
of AME content facilitated the inclusion of AFI; the total 
inclusion of AFI was 25.2, 33.0, and 32.4%, respectively. 
Digestible Lysine and other nutrients remained similar. Four 
commercial NSPases (A, B, C, and D; including active E.C. 
3.2.1.4, E.C. 3.2.1.6, and E.C. 3.2.1.8) were added to the 
Neg Ctrl at the minimum recommended dose by the supplier 
(50 g/t). In total, there were 6 treatments with 8 replicates 
each. Treatments were fed in 3 feeding phases and in pellet 
form to account for the enzyme stability. On day 20, 3 birds 
per pen were moved to digestibility cages for determination 
of apparent total tract energy digestibility (excreta collection 
occurred on days 29 to 31). Data were analyzed using one-
way ANOVA with treatment as the main effect. Pearson 
correlations (PCorr) were fitted between in-vivo AME 
digestibility and cumulative FCR. There were no differences 
in BW or feed intake among treatments throughout the study 
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(P >0.05). The FCR was significantly greater (P <0.05) in the 
Neg Ctrl (1.462 ±0.005) compared to the Pos Ctrl (1.429 
±0.005) during the 42-day trial. Compared with the Neg Ctrl, 
enzymes A and D reduced FCR (-0.029 and -0.024 
±0.005; P <0.05) and were not significantly different from the 
Pos Ctrl (P >0.05). Enzymes B and C were not significantly 
different compared with the Neg Control (P >0.05). The in-
vivo AME digestibility values were negatively correlated with 
FCR (PCorr= -0.495; P <0.001). In conclusion, selected 
NSPases significantly reduced FCR in diets with high 
inclusion of AFI. In-vivo energy digestibility could be 
considered an indicator of the lowering FCR effect of 
commercial NSPases. 

395P Result of using 1,25 dihydroxycholecalciferol-
glycosides and phytogenic antioxidants for mitigating 
the incidence of bacterial chondronecrosis with 
osteomyelitis (BCO) lameness in broiler 
chickens, Khawla Alharbi*1, Andi Asnayanti2, Amer Hasan4, 
Abdulkarim Shwani4, Ruvindu Perera3, Wesley Vaught4, 
Jaren Hernandez4, Kathrin Buehler6, Javier Gonzalez6, Jan 
Dirk Van der Klis6, Douglas Rhoads4, Adnan A. 
Alrubaye5; 1University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 2University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 3University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 4University of 
Arkansas, Fayetteville, Arkansas, United States; 5UnIversity 
of Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 6Herbonis Animal Health GmbH, Rheinstrasse, 
Swaziland. 

Within the poultry industry, broiler lameness continues to 
pose a major concern, causing major financial losses 
annually and affecting animal welfare. Lameness can be 
categorized as either functional or bacterial, the latter of 
which is facilitated by translocation of potentially pathogenic 
bacteria across the respiratory and intestinal epithelia, 
leading to bacterial chondronecrosis with osteomyelitis 
(BCO) in the proximal femoral and tibial heads. Research 
has shown that increased gut integrity and improved support 
of calcium metabolism for optimal bone structure can help 
reduce the incidence of BCO lameness. The focus of this 
research involves Panbonis® (Herbonis, Switzerland), an 
herbal source of the metabolically active form of vitamin D 
(1,25 dihydroxycholecalciferol-glycosides [G-1,25(OH)2D3]), 
different antioxidant polyherbal (PH) and thyme oil, a 
phytogenic antioxidant, in a broiler lameness challenge 
model. A total of 1,560 day-old male Cobb500 chicks were 
divided into 6 experimental groups with 4 replicates T2: 
negative control; T3: 10 µg G-1,25(OH)2D3/kg; T4: 1 µg G-
1,25(OH)2D3/kg; T5: 1 µg G-1,25(OH)2D3/kg plus 500 mg/kg 
of PH1 (NatuFeat); T6: 1 µg G-1,25(OH)2D3/kg plus 750 
mg/kg of PH2 (Animunin); T7: 1 µg G-1,25(OH)2D3/kg plus 
500 mg/kg thyme oil. PH1 and 2 were composed of Solanum 
xanthocarpum plus Piper longum and Curcuma longa plus 
Trachyspermum ammi, respectively. The BCO infection 
source was birds grown on wire-flooring pens (T1) that mimic 
a BCO infectious spread with seeder birds. Treatment 
groups were evaluated daily for incidence of lameness over 
the course of 60 days, with diagnosis based on femoral and 
tibial lesions in both legs. Data were analyzed using a 
generalized linear model (GLM). Statistical significance was 
determined at P < 0.05. At d60, treatment groups T1 and T2 
presented similar cumulative lameness incidences (91.3 and 

83.4 %, respectively), which was higher than the treatment 
groups T3-T7. Supplementation of the diet with G-
1,25(OH)2D3 at high concentration (T3) was worse than with 
G-1,25(OH)2D3 at low concentration (T4) (47.9% and 
41.6%, respectively). Although T7 exhibited the lowest 
lameness incidence 38.9%, there was no significant 
difference between T4 and the supplementations of G-
1,25(OH)2D3 low (T5-T7). The results of the experiment 
indicate that inclusion of G-1,25(OH)2D3 supplementation 
can potentially reduce both the incidence and severity of 
BCO lameness, without additional phytogenic antioxidants. 
Furthermore, feeding a supplementation level of 1 µg G-
1,25(OH)2D3/kg was determined to be an optimum 
concentration. Further research is warranted to better 
elucidate a thorough understanding of the underlying 
mechanisms for this reduction in BCO. 

396P Nutritive value of expeller/cold-pressed canola 
(ECPC) for broiler chickens. Tetiana Sessingnong1, Anna 
Rogiewicz*1, Oluwakemi Omotosho1, Yanxing (Stella) Niu1, 
Joao G. Ferreira1, Rob Patterson2, Bogdan A. 
Slominski1; 1University of Manitoba, Department of Animal 
Science, Winnipeg, Manitoba, Canada; 2CBS Bio Platforms 
Inc., Calgary, Alberta, Canada. 

Expeller/cold-pressed canola (ECPC) is a co-product 
obtained by mechanically pressing canola seeds during oil 
production. This process results in residual oil in the ECPC, 
which can make it a valuable protein and energy source for 
poultry. The nutritive profile of 22 ECPC samples from 
Western Canada was evaluated. On a dry matter (DM) 
basis, ECPC contains on average 16.8% of fat, 36.5% of 
crude protein (CP), 24.1 % of neutral detergent fibre (NDF), 
31.8% of total dietary fibre, 8.04% of sugars, 6.09% of ash, 
1.03 % of total P, 0.47% of non-phytate P, and 7.85µmol/g 
of glucosinolates. Variations were observed (P<0.05) in the 
chemical composition of ECPC, particularly in fat and 
glucosinolates contents (ranging from 8.5 to 24.1%, and 4.9 
to 15.7 µmol/g DM, respectively), and are attributed to 
differences in processing methods. Differences in the 
content of other chemical components of ECPC were 
quantitative, as they depend on the variable fat content. A 
study was conducted to determine the nitrogen-corrected 
apparent metabolizable energy (AMEn) and standardized 
ileal amino acid digestibility (SIAAD) of ECPC from 5 
processing plants using a balance method. One-day-old 
Ross 308 broiler chickens were fed a pre-experimental 
starter diet from 1 to 14 d of age. On day 14, birds were 
allocated to 6 treatments with 6 replicate pens of 6 birds 
each and fed the basal diet or test diets that contained 70% 
of the basal diet and 30% of the test ECPC. On day 19, 
excreta samples were collected for AMEn, and on day 21, 
birds were euthanized, and ileal digesta samples were 
collected for SIAAD determination. The AMEn averaged 
2386 kcal/kg but ranged from 2128 to 2604 kcal/kg on a DM 
basis. The ANOVA testing and MIXED procedure SAS was 
used. The diverse processing conditions and residual oil 
levels contributed to variation in the AMEn among ECPC 
from different processors (P<0.05). Prediction equations for 
energy availability demonstrated a strong relationship 
between the fat, CP, ash, and NDF and the AMEn content 
(R2 = 0.98-0.99; P<0.05). The SIAAD of Lys, Met, Arg, and 
Thr averaged 85.2%, 93.5%, 88.1%, and 80.4%, and their 
standardized ileal digestible content averaged 1.61, 0.45, 
1.57, and 1.17% on a DM basis, respectively. There were 
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variations between plants in the standardized ileal digestible 
content of all amino acids, and in the standardized ileal 
digestibility of all amino acids (P<0.05) except Thr. 
Considering variations in the processing methods and 
chemical composition of ECPC is critical when formulating 
broiler chicken diets, and the chemical composition-nutritive 
value relationship can be used to alleviate this issue. 

397P Effects of feeding sunflower meal with enzyme 
blend supplementation on growth performance and 
carcass traits of turkey toms. Emma Hansel*1, Crystal 
Levesque1, Jorge Y. Perez Palencia1, Rob Patterson2, Jinsu 
Hong3; 1South Dakota State University, Animal Science, 
Brookings, South Dakota, United States; 2CBS Bio 
Platforms, Calgary, Alberta, Canada; 3South Dakota State 
University, Animal Science, Brookings, South Dakota, 
United States. 

Sunflower meal (SFM) is a well-balanced protein source for 
poultry that can replace soybean meal (SBM) in turkey diets. 
However, high fiber content of SFM can reduce growth 
performance and nutrient utilization. These limitations might 
be ameliorated by exogenous enzyme supplementation. 
Therefore, the objective of this study was to determine the 
growth performance and carcass traits of turkeys fed diets 
containing SFM with exogenous enzyme supplementation. 
A total of 180 turkey toms (Hybrid breed; initial body weight 
[BW] = 61 g) were allotted to one of two treatments in 20 
pens (9 birds/pen) and fed experimental diets over 7 phases 
in a randomized complete block design: Phase 1: 0 to 4 
weeks, Phase 2: 4 to 6 weeks, Phase 3: 6 to 9 weeks, Phase 
4: 9 to 12 weeks, Phase 5: 12 to 14 weeks, Phase 6: 14 to 
16 weeks, and Phase 7: 16 to 18 weeks. The nutrient 
requirement of the diets were met or exceed the breeder 
recommendation. The experimental diets were: 1) a corn-
SBM based diet with enzyme cocktail (SBM); 2) a corn-SBM 
based diet with 15% SFM with enzyme cocktail (SFM). The 
enzyme cocktail was consisted of multi-carbohydrase, 
protease, and phytase. At the end of each phase, BW and 
feed consumption were measured to calculate body weight 
gain and feed conversion ratio (FCR). Due to the space 
limitation, 4 birds were housed in each pen for 6 to 12 weeks 
and 3 birds were housed in each pen for 12 to 18 weeks. 
After the 18 weeks-feeding trial, turkeys were sent to a 
commercial abattoir to investigate carcass traits. Data were 
subjected to analysis of variance using the MIXED 
procedure of SAS (SAS Inst. Inc., Cary, NC), and the pen 
was used as an experimental unit. Turkeys fed the SFM diet 
had greater BW for 4 week (P = 0.03) and daily weight gain 
for 0 to 4 weeks (P = 0.03) than those of turkeys fed SBM 
diet. Dietary treatments did not affect the daily feed intake 
and FCR of the turkeys throughout the overall period. In 
carcass traits, turkeys fed the SFM diets had no difference 
in hot carcass yield and cold carcass yield compared to 
those of turkeys fed the SBM diets. In addition, relative yield 
to cold carcass weight for breasts, thighs, drumsticks, and 
wings were not significantly affected by dietary treatments. 
In conclusion, supplementation of SFM at 15% in turkey 
diets with enzyme cocktail would have similar growth 
performance response and carcass traits of the turkeys 
compared to the SBM diets with enzyme cocktail. 

398P Effects of protease supplementation on ileal 
digestibility of amino acids in commonly used protein 
sources fed to broiler chickens. Jinsu Hong*1, Jorge Y. 

Perez Palencia1, Rob Patterson2, Crystal Levesque1; 1South 
Dakota State University, Animal Science, Brookings, South 
Dakota, United States; 2CBS Bio Platforms, Calgary, 
Alberta, Canada. 

Exogenous protease is commercially used in poultry diets to 
increase protein hydrolysis and amino acid utilization. 
However, the efficacy of dietary protease could vary by feed 
ingredient used in the diet formulation. Therefore, the 
objective of this study was to determine the effects of dietary 
protease supplementation on the apparent ileal digestibility 
(AID) and standardized ileal digestibility (SID) of amino acids 
(AA) for commonly used protein feedstuffs in broiler diets. A 
total of 492 one-day-old male broiler chickens (Cobb 500) 
were randomly distributed to 82 cages (6 birds/cage) in 
electrically-heated Petersime battery brooders balanced by 
body weight. From day 0 to 14, all birds were fed a drug-free 
commercial starter diet. Each cage of birds was assigned to 
one of ten dietary treatments in a 5 × 2 factorial design with 
corn starch-based diets with five protein sources as the sole 
source of the AA: soybean meal (SBM, 35%), conventional 
corn DDGS (DDGS, 55%), high protein cDDGS (HP-DDGS, 
33%), canola meal (CM, 44%), and expeller-extruded SBM 
(Ex-SBM, 37%) and protease dosages (0 and 250 ppm; CBS 
Bio Platforms, Calgary, Canada). Two additional cages of 6 
birds each were fed the N-free diets without protease 
supplementation or with protease supplementation, 
respectively. Birds were provided with the assigned 
experimental diets from day 14 to 21. On day 21, all birds 
were euthanized to collect ileal digesta samples. The diets 
and collected ileal digesta samples were analyzed for 
titanium and amino acid (AA) contents in order to determine 
the AID and SID of AA for the test ingredients by an indirect 
method. Data were subjected to analysis of variance using 
the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC), and 
main effects of protein source and protease dosage and their 
interactions were determined. Dietary protease improved 
(P < 0.05) the AID of AA for SBM and AID of His, Leu, Phe, 
Trp, Ala, Glu, and Tyr for HP-DDGS. However, protease 
supplementation did not affect the AID of AA for Ex-SBM, 
CM, and DDGS. Protease supplementation improved (P < 
0.05) the SID of AA for SBM and the SID of Arg, Phe, Trp, 
Ala, and Glu for Ex-SBM. In addition, dietary protease 
improved (P < 0.05) the SID of His, Leu, Phe, Trp, Ala, Glu, 
Pro, Ser, and Tyr for HP-DDGS. However, protease 
supplementation had no significant influence on the SID of 
AA for CM and DDGS. In conclusion, protease 
supplementation in broiler diets could improve the SID of AA 
for the SBM, Ex-SBM, and HP-DDGS. The lack of difference 
in AA digestibility for CM and DDGS with protease inclusion 
could partly have been due to the relatively lower protein and 
higher fiber contents than other protein ingredients. 

399P Effect of supplemental protease on growth 
performance and nutrient digestibility in turkey poults 
fed diet with and without high soybean meal inclusion 
as replacement for highly digestible protein 
sources. Jorge Y. Perez Palencia*1, Alejandra Forero 
Salamanca1, Jinsu Hong1, Rob Patterson2, Crystal 
Levesque1; 1South Dakota State University, Department of 
Animal Science, Brookings, South Dakota, United 
States; 2CBS Bio Platforms, Calgary, Alberta, Canada. 

This experiment investigated the effects of dietary protease 
supplementation on growth performance, standardized ileal 



 

2023 PSA Annual Meeting Abstracts 184 
 

digestibility (SID) of amino acid (AA), and apparent total tract 
digestibility (ATTD) of nutrients and energy in turkey poults 
fed diet with and without high soybean meal (SBM) inclusion 
as replacement for highly digestible protein sources. A total 
of 140 7-day-old male turkey poults (Hybrid breed, 153.7 ± 4 
g) were allocated to 28 cages in electrically heated 
Petersime battery brooders (5 birds/cage; 7 cages per 
treatment). Cages were assigned to one of 4 dietary 
treatments in a 2 × 2 factorial design with two diet 
composition, with and without highly digestible protein 
inclusion {meat and bone meal (53% crude protein - CP, 
32% Ash, swine origin) and HP300 - HAMLET PROTEIN 
Inc.} at the expense of SBM (10%), and two protease 
dosages (0 and 500 ppm protease supplementation – 
activity: 45,000 u/g). Two additional cages of 6 birds were 
fed a N-free diet to estimate basal endogenous losses of AA 
and calculate SID. Diets were provided in mash form. Feed 
and birds were weighed on d7, d14, d21 and d25 to 
determine feed intake and body weight gain and calculate 
feed conversion ratio. On d 23 and 24, excreta samples were 
collected from each cage. On d25, all birds were euthanized 
to collect ileal digesta samples. The diets and collected ileal 
digesta samples were analyzed for titanium and AA 
contents. Diets and fecal samples were analyzed for 
proximal analysis, neutral detergent fiber (NDF), acid 
detergent fiber (ADF), gross energy, and titanium. Data were 
analyzed using PROC MIXED procedure of SAS and the 
statistical model contained the fixed effects of diet, protease 
inclusion, and their interactions. From d7 to 14, turkey poults 
fed diets supplemented with protease had a greater (P < 0.1) 
body weight, body weight gain, and feed efficiency 
compared to no-supplemented poults, independent of 
dietary composition. From d14 to 25 and overall 
experimental period, no significant effects (P > 0.05) of 
dietary treatments on growth performance were observed. 
Dietary supplementation of protease improved (P < 0.05) 
SID of most of the indispensable AA (except Ile, Leu, and 
Phe) and all the dispensable AA as well as the ATTD of dry 
matter (DM) and (CP regardless of diet composition. Dietary 
composition of the diet did not affect SID of AA, but 
increasing SBM decreased ATTD of crude fiber, NDF and 
ADF. In conclusion, dietary protease supplementation can 
improve the SID of AA and ATTD of DM and CP in turkey 
starter diets with potential positive effects on poults growth 
performance, especially when feeding less complex diets 
with high SBM inclusion. 

400P Influence of dietary herbal 1,25-
dihydroxycholecalciferol-glycosides and combinations 
on growth, gut integrity, and blood parameters in heat-
stressed in broilers. Elizabeth S. Greene*1, Alison 
Ramser2, Garrett Mullenix3, Craig W. Maynard1, Sami 
Dridi4; 1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 2University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States; 3University 
of Arkansas, Poultry Science , Fayetteville, Arkansas, United 
States; 4University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States. 

Due to their high metabolic rate and lack of sweat glands, 
broiler chickens are susceptible to high environmental 
temperature. The strong negative effects of heat stress (HS) 
on growth, gut function, feed efficiency, meat yield, and 
mortality are well documented and such effects will take a 
heavy toll as the frequency and intensity of heat anomalies 

increase. Panbonis 10® (Herbonis Animal Health) is a 
standardized complementary feed containing ground and 
dried leaves of Solanum glaucophyllum. The plant naturally 
produces 1,25-dihydroxycholecalciferol-glycosides (G-
1,25(OH)2D3), which is known to support the immune 
system, which is challenged by HS. Therefore, this study 
aimed to evaluate the efficacy of Panbonis 10® with capsin, 
alone or in combination with Urtica dioica or curcumin on the 
reduction of the negative impacts of HS on broilers. 
Day of hatch Cobb 500 male chicks were placed in 12 
environmentally controlled chambers, divided into 2 pens 
per chamber (n=24 pens, 50 birds/pen), and assigned to 1 
of 6 treatments: Thermoneutral-basal diet (C-TN), HS-basal 
diet (C-HS), TN-basal diet-pair fed (PF), HS-100g/t 
Panbonis® + 100 g/t Capcin (T4), T4 + 500g/t Urtica 
dioica (T5), T4 + 200g/t curcumin (T6). Feed intake, water 
consumption, and mortality were recorded daily. Through 
day 22, birds were reared under standard conditions. On day 
23, 8 chambers were subjected to 8 h daily cyclic heat stress 
(35°C) until processing. On day 36, blood gasses and 
electrolytes and intestinal permeability (FITC-D) were 
measured, as well as legs scored for femoral head necrosis 
(FHN). At day 37, birds were processed, carcass parts were 
weighed, and meat quality was assessed. All data were 
analyzed by one-way ANOVA. 
By day 35, BW and FI were higher (P<0.05) in C-TN 
compared to all other treatments; however, no differences 
were seen among the HS groups. Blood sodium levels were 
affected by treatment (P<0.05), where the C-TN group 
showed the highest levels, and the C-HS, T5 and T6 were 
lowest. Blood glucose was also affected by treatment 
(P<0.05), with the C-HS group having the highest levels and 
the PF having the lowest. During HS, T4, T5, and T6 seemed 
to reduce serum FITC-D levels compared to C-HS and PF, 
indicating improved intestinal integrity. T4, T5, and T6 
reduced (6-9%) the incidence of FHN under HS. T4 and T5 
increased breast weights by 6 to 11 g/bird compared to C-
HS, and T4, T5, and T6 reduced the white striping score. 
Overall, dietary supplementation with G-1,25(OH)2D3 from 
Panbonis 10® may have the potential to improve breast 
weight while reducing WS. Additionally, the improvements 
seen in FHN may help decrease culls due to lameness. 

401P Effects of benzoic acid and benzoic acid-
containing resin microparticles (Benzocal-50) on the 
growth performance, fecal score, nutrient digestibility, 
intestinal morphology, and jejunal gene expressions in 
mixed-sex Ross 308 broiler chickens under a high 
stocking density. Changning Yu*1, Haoxiang Xu2, Jieyuan 
Jiang2, Haijun Liu3, Zhigang Tan3, Xiangfeng Peng3, Song 
Liu1, Chengbo Yang2; 1University of Manitoba, Biosystems 
Engineering, Winnipeg, Manitoba, Canada; 2University of 
Manitoba, Animal Science, Winnipeg, Manitoba, 
Canada; 3Guangzhou Insighter Biotechnology Co., Ltd, 
Guangzhou, Guangdong, China. 

This study aimed to evaluate the effects of benzoic acid (BA) 
and BA-containing resin microparticles on performance, 
fecal score, apparent ileum nutrient digestibility (AID), and 
jejunal gene expressions of broilers under a high stocking 
density. The experiment was analyzed as a complete 
random design and pens were considered as an 
experimental unit. A total of 768 1-day-old mixed-sex Ross 
308 broilers (body weight, BW: 43.52 ± 0.68 g) were 
randomly allotted to 4 treatments (6 replicates with 32 
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broilers in each): 1) basal diets (NC); 2) basal diets with 30 
mg/kg of avilamycin (PC); 3) basal diets with 1000 mg/kg of 
BA microparticles (PBA); and 4) basal diets with BA-
containing resin microparticles (330, 330, and 300 mg/kg of 
Benzocal-50 in the starter, grower, and finisher) (EBA). The 
small floor pen is 3.10 m2 and a normal stocking density is 
26 birds/pen (25.00 kg of BW/m2). To achieve the effect of 
high stocking density, 32 birds were used per pen. The 
average final BW of the broilers was 3.0 kg, so the high 
stocking density was 29 kg of BW/m2. The fecal scores were 
randomly recorded from each pen. These results were 
evaluated using PROC ANOVA followed by Tukey’s multiple 
comparison tests (SAS 9.4). On days 8-14, the average daily 
gain (ADG) of the EBA group was significantly greater than 
the PBA group (P < 0.05). During days 0-42, there was a 
lower feed conversion ratio (FCR) in the PC group compared 
to the NC group (P < 0.05), and no significant differences 
were found in the performance among the NC, PBA, and 
EBA groups (P > 0.05). The mortality rate in the EBA group 
was lower than in the other three groups. Compared with the 
NC group, the fecal scores were significantly lower in the 
EBA group (P < 0.05). The gut pH values of the grower and 
finisher chickens were lower in the EBA group than in the 
NC group (P < 0.05). The AID of dry matter and crude protein 
in the EBA group was significantly greater than the PC group 
(P < 0.05) and no significant differences in the AID of ether 
extract were observed among these groups (P > 0.05). The 
in-feed EBA group significantly increased the neutral amino 
acid transporter (B0AT1) and peptide transporter 1 (PEPT1) 
mRNA expressions on day 14, the sodium/glucose 
cotransporter 1 (SGLT1) mRNA levels on day 28, and the 
PEPT1 mRNA expressions on day 42 compared with the NC 
group (P < 0.05). Adding EBA to the diet improved the 
cadherin 1 (CDH1) mRNA expressions on day 28 compared 
with the NC and PC groups (P < 0.05). Dietary 
supplementation with EBA could decrease gut pH, leading 
to a reduction in fecal scores and an overall improvement in 
the health of mixed-sex Ross 308 broilers under a high 
stocking density. 

402P Impacts of genetic selection of broiler chickens 
on circulating vitamin D3 metabolites and bone 
characteristics. Brett Marshall*1, Colin Barcelo1, Nabin 
Neupane1, Prafulla Regmi2, Rosalina Angel3, Kathrin 
Buehler5, Jan Dirk Van der Klis5, Laura Ellestad4; 1University 
of Georgia, Poultry Science, Winterville, Georgia, United 
States; 2University of Georgia, Poultry Science, Athens, 
Georgia, United States; 3University Of Maryland, Animal and 
Avian Sciences, College Park, Maryland, United 
States; 4University of Georgia, Poultry Science, Athens, 
Georgia, United States; 5Herbonis Animal Health GmbH, 
Liestal, Switzerland. 

Selective breeding of broiler chickens has resulted in 
physiological changes, some of which may contribute to 
skeletal deformities and lameness. One regulator of bone 
development is vitamin D3 (VD3), which modulates calcium 
(Ca) uptake and utilization. This study sought to determine 
how genetic selection has affected VD3 metabolism, Ca 
dynamics, and bone development. To this end, we 
compared modern Ross and Cobb broilers with Athens-
Canadian Random Bred (ACRB) legacy birds. Three groups 
(n=10 pens/group) were fed standard broiler diets with VD3 
(1000 IU/kg; Ross, Cobb, ACRB1000), with an additional 
ACRB group fed a reduced VD3 diet (400 IU/kg; ACRB400) 

to account for their higher FCR. Birds were sampled at days 
5, 10, 15, 23, and 40, and weight-matched groups (~100g, 
250g, 550g) from slow-growing ACRB and fast-growing 
modern broilers were analyzed to discern changes in 
physiology and bone development in similarly sized birds. 
Circulating VD3 metabolites were measured via LC-MS/MS 
(n=10), and gene expression in liver, kidney, and jejunum 
was measured via real-time qPCR (n=8). Tibial strength was 
measured using a three-pointing bending system (n=10). 
Data were analyzed by ANOVA for weight-by-group (strain 
and diet) interactions. When these interactions were not 
significant, an ANOVA was run on the full dataset from all 
five ages to investigate age-by-group interactions and 
overall main effects of group. Means comparisons were 
made using Fisher’s LSD test when ANOVA indicated 
significance (P≤0.05). Ross and Cobb performance 
surpassed that of ACRB with improved growth rate and 
lower FCR (P≤0.05). In the 100g group, levels of 
1,25(OH)2D3 in ACRB1000 and Ross birds were higher than 
ACRB400 and Cobb (P≤0.05), with a similar pattern in the 
550g group (P=0.06). Levels of 24,25(OH)2D3 were highest 
in the ACRB1000 group (P≤0.05), consistent with higher 
expression of 24-hydroxylase in kidney at lower weights and 
indicative of excess dietary VD3. Expression of Ca 
chaperone calbindin differed between strains in kidney and 
jejunum, with higher levels in modern birds (P≤0.05). 
Parathyroid hormone receptor 1 expression differed 
between modern and ACRB groups, with higher levels in 
liver of modern birds and higher expression in jejunum of 
ACRB birds (P≤0.05). Morphological measurements of tibiae 
revealed that ACRB birds had longer bones with greater 
central circumference (P≤0.05). Moreover, ACRB bones had 
a greater breaking force compared to their modern weight-
matched counterparts (P≤0.05). These data demonstrate 
that genetic selection has impacted strength and size of 
bones from birds of similar weight and provide potential 
differences in VD3 metabolism and Ca regulation that may 
account for these changes. 

403P Effects of the in ovo administration of the Marek's 
Disease vaccine alone or in combination with the in 
ovo and dietary administration of supplemental 25-
hydroxyvitamin D3 on the expression of genes linked to 
the inflammatory reaction, development, and 
antioxidant capacity of breast muscle in 14-day-old 
Ross 708 broilers. Saman Fatemi*2, Ayoub Mousstaaid2, 
April W. Levy1, Sabin Poudel2, Ishab Poudel2, David 
Peebles2; 1DSM Nutritional Products, Animal, Nutrition and 
Health, Ankeny, Iowa, United States; 2Mississippi State 
University, Department of Poultry Science, Mississippi State, 
Mississippi, United States. 

The posthatch immunity and production of broilers is known 
to be improved when 25-hydroxyvitamin D3 (25OHD3) is 
administered dietarily or by in ovo injection. However, the 
possible synergistic effects of the dietary and in 
ovo administration of 25OHD3 in conjunction with the 
Marek's Disease vaccine (MDV) have not been previously 
reported. Therefore, effects of the MDV alone or in 
combination with the in ovo and dietary administration of 
25OHD3 on the expression of genes linked to breast muscle 
deposition, inflammatory response, and antioxidant activity 
in 14 d-old broilers were determined. Live embryonated 
hatching eggs were randomly assigned to one of the 
following 4 in ovo injection treatments at 18 d of incubation: 
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1) Non-injected; 2) MDV alone; or MDV in combination with 
either 3) 1.2 (25OHD3-1.2), or 4) 2.4 (25OHD3-2.4) μg of 
25OHD3. Hatchlings from each in ovo treatment were 
subsequently assigned to the one of the following posthatch 
dietary treatments: 1) commercial diet containing 250 IU of 
vitamin D3 /kg of feed (control); or 2) commercial diet 
supplemented with an additional 2,760 IU of 25OHD3 /kg of 
feed (Hy-D diet). At d 14 posthatch, approximately 5 g 
samples of pectoralis major muscle were collected from 1 
bird form each of 6 replicate pens in each treatment for 
determination of the expression of genes linked to muscle 
inflammatory response (e.g. IL-1 β), antioxidant activity (e.g. 
SOD2), and growth (e.g. MyoD1). Using a randomized 
complete block experimental design, all data were analyzed 
by two-way ANOVA, with treatment differences deemed 
significant at P ≤ 0.05. A significant (P = 0.001) dietary x in 
ovo treatment interaction was observed for MyoD1, in which 
the expression of MyoD1 was up-regulated in response to 
the 25OHD3-1.2 in ovo treatment in the Hy-D dietary 
treatment, but there was no significant difference between 
the in ovo injection treatments in the control diet. The 
expression of SOD2 was greater (P = 0.001) in birds that 
received 1.2 or 2.4 μg of 25OHD3 in comparison to MDV-
alone or non-injected control treatment groups across 
dietary treatment. Additionally, the expression of SOD2 was 
increased (P = 0.002) in Hy-D-fed birds compared to those 
fed the control diet across in ovo treatment. An increase in 
the expressions of MyoD1 and SOD2, and a decrease in the 
expression of IL-1β are linked to the enhancement of muscle 
development, and the antioxidant activity and inflammatory 
response of broilers. In conclusion, the dietary and in 
ovo administration of 25OHD3 may be involved in the 
stimulation of the quality and growth of breast muscle in 
broilers, which could be related to an activation of the 
aforementioned genes. 

404P Effects of varying concentrations of dietary 
arginine on growth performance of the French guinea 
fowl broiler. Jaden N. Battle1, Thyneice Taylor-Bowden1, 
Morgan Roberts1, Samuel N. Nahashon*1; 1Tennessee 
State University, Agricultural and Environmental Sciences, 
Nashville, Tennessee, United States. 

The French guinea fowl (FGF) has great potential as source 
of specialty poultry meat. While the crude protein 
requirement for the FGF is known, there is paucity of 
information on the requirement for essential amino acids 
such as arginine. The aim of this study was to determine the 
optimal arginine requirement for the growth performance of 
the FGF broiler. In five replicates, 200 one-day-old French 
guinea keets were randomly assigned and fed standard 
corn-soy guinea fowl diets containing 0.98, 1.10, 1.22 and 
1.30% arginine from hatch to 7 weeks of age (WOA). 
Experimental diets were fed in mash form and each 
contained 23% CP and 3100 Kcal ME/kg. Feed and water 
were provided at free choice. Feed consumption (FC) and 
body weight gain (BWG) from which feed conversion ratio 
(FCR) was calculated, were measured weekly for 7 weeks. 
Birds fed the 0.98% arginine diet had the lowest FC and 
BWG, and highest FCR when compared with all other dietary 
treatments. The highest BWG was observed in birds fed 
1.30% dietary arginine when compared to other treatments 
(P<0.05). However, at hatch to 4 WOA, birds fed the 1.22% 
arginine had the highest FC and BWG (P<0.05). At 5-7 
WOA, birds fed 1.10% arginine had the highest 7 week 

cumulative FC and BWG when compared to the other dietary 
treatments. Overall, birds fed 1.22% arginine exhibited lower 
FCR, better FC, and higher BWG from hatch to 4 WOA, than 
all other dietary treatments. Birds fed the 1.10% arginine 
also had lower FCR, high FC, and BWG from 5-7 WOA when 
compared to all other dietary treatments, suggesting a lower 
arginine requirement with increase in age of the French 
guinea fowl broilers. Therefore, the French guinea fowl 
broiler will utilize more efficiently diets containing 1.22% and 
1.10% dietary arginine at hatch to 4 WOA and 5-7, WOA, 
respectively. 

405P Not Presented. 

406P Peripheral and central administrations of 
methionine sources affect broiler growth, metabolism, 
and circulating methionine levels. Craig W. Maynard*41, 
Elizabeth Gilbert3, Frances Yan2, Mark Cline5, Sami 
Dridi4; 1Bell & Evans, Fredericksburg, Pennsylvania, United 
States; 2Novus International, R&D, St. Charles, Missouri, 
United States; 3Virginia Tech, , Blacksburg, Virginia, United 
States; 4University of Arkansas, Center for Excellence in 
Poultry Science, Fayetteville, Arkansas, United 
States; 5Virginia Polytechnic Institute and State University, 
School of Neuroscience, Blacksburg, Virginia, United States. 

The present studies were designed to determine the effects 
of DL-Met and 2-hydroxy-4-(methylthio)-butanoic acid 
(HMTBa), using feeding trial and central administration, on 
live performance and the expression of feeding-related 
hypothalamic neuropeptides in broilers. In the first study, 
1,260 male Cobb 500 broiler chicks were placed into 60 pens 
(21 birds/pen) and fed diets supplemented with 3 dietary 
levels of HMTBa or DL-Met (63, 75, 87 TSAA:Lys) during a 
0 to 35d period. In the second study, 5d old male Cobb 500 
chicks were randomly divided into 4 BW matched groups of 
10 birds and intracerebroventricularly injected (ICV) with 16 
nmol of HMTBa, DL-Met, S-(5'-Adenosyl)-L-methionine 
chloride (SAM), or artificial cerebrospinal fluid (aCSF) as a 
placebo. Injected broiler chicks were allowed to feed for 180 
minutes post injection. At the conclusion of the studies, 
hypothalamic tissues were collected and gene expression 
was determined by real-time quantitative PCR using the 2-

ΔΔCt method. Feed intake, BW, BW gain, and mortality 
corrected feed conversion (FCR) were calculated in the first 
study. Pen was considered the experimental unit for live 
performance measurements (n=10) and analyzed by 2-way 
ANOVA, whereas bird was the experimental unit for gene 
expression (n=6) and analyzed by 1-way ANOVA. In the first 
study, no interactions, nor a main effect of Met source were 
observed on broiler performance. Differences (P<0.05) in 
BW and BW gain among broilers fed the 3 different 
TSAA:Lys levels led to broilers fed 63 TSAA:Lys having an 
approximately 4 point higher (P<0.05) FCR than broilers fed 
TSAA:Lys 75 or 87. At molecular levels, mRNA abundances 
of hypothalamic monocarboxylate transporter 1 (MCT1) and 
orexin (ORX) were significantly upregulated (P<0.05) in the 
87 TSAA:Lys DL-Met treated group compared to the 87 
TSAA:Lys HMTBa treated group. Quantitative real-time PCR 
analysis showed that the hypothalamic expression of 
neuropeptide Y (NPY), MCT1, and MCT2 were upregulated 
(P<0.05) in ICV-HMTBa group compared to the aCSF birds. 
The hypothalamic expression of mechanistic target of 
rapamycin kinase (mTOR), AMP-activated protein kinase 
(AMPKα1), D-amino acid oxidase, and hydroxylamine 
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oxidase were upregulated (P<0.05) in ICV-DL-Met 
compared to the aCSF birds. Injection with either DL-Met or 
HMTBa increased (P<0.05) the mRNA abundance of ORX 
in the hypothalamus compared to aCSF injected birds, 
however mTOR gene expression was down regulated 
(P<0.05) in the SAM compared to the aCSF control group. 
Taken together, these data show for the first time that DL-
Met and HMTBa have a common downstream (ORX) 
pathway, but differential central pathway, mainly NPY-MCT 
for HMTBa and mTOR-AMPK for DL-Met. 

407P  Early 1,25-dihydroxyvitamin D3 supplementation: 
An efficient feeding strategy Bacterial Chondronecrosis 
with osteomyelitis lameness in broilers. Andi 
Asnayanti*1, Khawla Alharbi2, Anh Dang Trieu Do1, Ruvindu 
Perera3, Layla Al-Mitib4, Aishat Lawal4, Wesley Vaught1, 
Ashley Ault1, Hannah McCarver1, Kathrin Buehler6, Javier 
Gonzalez6, Douglas Rhoads4, Adnan A. Alrubaye5; 
1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 2University of Arkansas, Poultry 
science, Fayetteville, Arkansas, United States; 3University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 4University of Arkansas, Biological Science, 
Fayetteville, Arkansas, United States; 5University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 6Herbonis, Augst, BL, Switzerland. 

Bacterial Chondronecrosis with Osteomyelitis (BCO) 
lameness affects more than 1.5% of broiler chickens causing 
significant economic losses in the poultry industry. The 
susceptibility of modern broilers to BCO lameness is mainly 
triggered by the disproportion of body mass accretion with 
the maturation of the skeletal bone. The quality of the 
skeletal bone is highly affected by the mineral metabolism. 
Vitamin D3 plays a key role in the absorption and metabolism 
of calcium (Ca), the most predominant mineral in the bone 
matrix. Panbonis® containing G-1,25(OH)2D3 from Solanum 
glaucophyllum is a natural source of the bio-active 
metabolite of vitamin D3, which is commercially available as 
a feed supplement. Here, we report the optimum 
concentration and feeding strategy of Panbonis® to alleviate 
BCO lameness in broilers. This trial was the continuity of our 
pilot study mitigating the effects of the selected herbals on 
BCO lameness. We induced experimental BCO lameness 
using a hybrid of wire and litter floor model. The wire floor 
triggered naturally occurring BCO lameness through 
mechanical torque and shear stress on susceptible leg joints 
of broilers. The BCO disease was transmitted to the broilers 
reared on litter flooring pens in the same house through 
airborne circulation, mimicking BCO outbreaks in 
commercial farms. We allotted 1,560 one-day-old chicks to 
7 treatment groups (T1-T7). T1 was a BCO source reared in 
the wire floors, while T2-T7 were experimental treatments 
grown in the litter floors. T2–diet 1 was a negative control 
group and the groups evaluated the optimal concentration of 
G-1,25(OH)2D3 supplementation were T3–diet 2: 0.5 
µg/kg, T4–diet 3: 1.0 µg/kg, and T5–diet 4: 2.0 µg/kg. The 
groups assessed the timing for G-1,25(OH)2D3 addition 
were T6-diet 1 for d1-28 shifted to diet 3 for d29-56 and T7-
diet 3 for d1-28 shifted to diet 1 for d29-56. The cumulative 
lameness incidences per treatment were recorded by 
scoring the tibial and femoral lesions from d22-56. All diet 
treatments, except T6, were statistically different 
from T2 at P<0.05. T4, T5, and T7 reduced lameness 
incidences by 58.74%, 60.14%, and 56.64%, respectively, 

without significant statistical differences at P>0.05. While the 
lameness cases in T3 and T6 decreased by 20.28% and 
8.39%, respectively, which were significantly different 
from T4, T5, and T7 at P<0.05. Thus, feeding 1.0 µg/kg G-
1,25(OH)2D3 in the first four weeks is the optimum 
concentration of G-1,25(OH)2D3 supplementation and 
capables of protecting broilers from BCO lameness for the 
entire production period. This early feeding strategy would 
minimize feed additive costs without compromising skeletal 
bone health while promoting protection against BCO 
lameness in broilers. 

408P Effects of hen housing system and age on 
intestinal and systemic stress responses. Isabella C. von 
Seggern*1, Benjamin J. Altendorf1, Maddison L. Wiersema1, 
Dawn Koltes1; 1Iowa State University, Department of Animal 
Science, Ames, Iowa, United States. 

As the laying hen industry moves from conventional caged 
housing systems to cage free (CF), many questions remain 
regarding how these systems influence the overall 
physiology of the hen. It has been proposed that industry 
movement from caged housing to CF decreases stress; 
however, data is limited and inconclusive. Therefore, this 
study was conducted to determine the impacts of hen 
housing system and age on serum corticosterone and 
intestinal permeability across a single laying cycle in a 
research hen population. In this study, W-80 hens were 
placed at 18 weeks of age in 2 rooms of enriched colonies 
(EC) or 2 CF rooms. At 35 and 76 weeks of age, 25 hens 
were randomly chosen from each room of each housing 
system. After selection, hens were orally provided 8.32 
mg/kg of fluorescein isothiocyanate-dextran (FITC-D) to 
determine intestinal permeability for a measure of intestinal 
stress. One hour following the oral gavage, hens were 
euthanatized via carbon dioxide asphyxiation. Blood was 
collected for measurement of FITC-D and used for detection 
of corticosterone via the enzyme-linked immunoassay 
(Arbor Assays) as a measure of systemic stress. Data were 
analyzed using Proc Glimmix in SAS with housing system, 
age, and the interaction of housing systems and age fit as 
fixed effects and bird within room fit as a repeated effect. 
Correlations were determined using Proc Corr in SAS. 
Housing system, age of hen, and interaction of housing 
system and age of the hen were significantly different for 
FITC-D (P<0.004). Hens from the EC, or hens that were 76 
weeks of age had significantly greater serum FITC-D 
suggesting increased disruption of the intestinal tract 
(P<0.001). Additionally, hens from the EC at 76 weeks of 
age had significantly greater serum FITC-D compared to all 
other combinations of age and housing system (P<0.05). 
Serum corticosterone concentrations were significantly 
different between hen age only (P=0.023) with greater 
concentrations of serum corticosterone from hens that were 
76 weeks of age. No significant correlations were found 
between FITC-D and corticosterone. In conclusion, learning 
how stress is manifested by the hen will allow for improved 
management strategies at different ages or across housing 
systems. 

409P Impacts of different inclusion rates and types of 
dry distillers grains on turkey poult performance. Zoie 
VerBeek*1, Claudia DeLeon2, Scott L. Tilton4, Brian J. Kerr3, 
Dawn Koltes2; 1Iowa State University, Animal Science, 
Ames, Iowa, United States; 2Iowa State University, Animal 
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Science, Ames, Iowa, United States; 3USDA-ARS-NLAE, 
Ames, Iowa, United States; 4The Andersons, Inc., Colwich, 
Kansas, United States. 

New technology in the ethanol industry has resulted in 
production of concentrated protein products by removing 
fiber either before or after fermentation and removing 
condensed distillers solubles from the protein and yeast rich 
fractions to produce products with 40% to 60% crude protein. 
Two such products are ANDVantageTM 40Y (40Y) and 
ANDVantageTM 50Y (50Y), 40% and 50% crude protein 
products, respectively. These products are a rich source of 
crude protein, amino acids, and other nutrients required for 
poultry and production processes are managed to provide 
much more uniform products than traditional DDGS. 
However there has been little research examining the effect 
of feeding products like 40Y and 50Y on turkey performance. 
This experiment evaluates the effects of 40Y and 50Y at 
either a 7.5% or 15% inclusion rate on poult growth 
performance. At hatch, 1,800 Nicholas Select poults were 
placed and divided across 32 pens with approximately 56 
birds per pen. Pens were assigned to one of five different 
diets denoted as A-E. A) Control diet, B) a diet containing a 
7.5% inclusion rate of 40Y, C) a diet containing a 15% 
inclusion rate of 40Y, D) a diet containing a 7.5% inclusion 
rate of 50Y, and E) a diet containing a 15% inclusion rate of 
50Y. Diets were formulated to be isonitrogenous. Poults 
were placed on experimental diets from day of placement 
(DOP) through 5 weeks of age, with body weights and feed 
measurements collected at DOP, 2 weeks of age, and 5 
weeks of age. Mortalities were recorded twice daily. Poult 
body weight and feed disappearance were measured to 
calculate feed conversion ratio (FCR). Data were analyzed 
using a mixed linear model in SAS with dietary treatment fit 
as the main effect within each phase. Individual poult body 
weights were a similar weight at DOP (P=0.376). Body 
weights were similar across treatments at 2 and 5 weeks of 
age (P>0.200). Individual feed intake differed at 2 weeks of 
age (P=0.024) but not at 5 weeks of age (P=0.198). At 2 
weeks of age, diet B individual feed intakes (40Y at 7.5% 
inclusion) were lower than all other dietary treatments 
(P<0.050). Adjusted FCR was different at both time points 
(P<0.050) with diet B having a lower FCR at 2 weeks of age 
while diet A (Control diet) having a lower FCR at 5 weeks of 
age. In conclusion, inclusion of either 40Y or 50Y at 7.5 and 
15% into poult diets resulted in equivalent performance to 
the control diet. An improved FCR at 2 weeks of age was 
observed with the 7.5% inclusion of ANDVantageTM 40Y, 
however no difference was seen at 5 weeks of age. 

410P The combination of hot water spray and sub-zero 
saline chilling of broiler carcasses improved the safety 
and sensory attributes of breast fillets. Dong Ahn*1, D. 
Ma2, Emily Beckerman2, Shreyash Patel2, Jasmine T. 
Moallem3, Siroj Pokharel2, Victoria Hogan5, Han-seok Seo5, 
Ike Kang4; 1Iowa State University, Animal Science 
Department, Ames, Iowa, United States; 2Cal Poly 
University, San Luis Obispo, California, United 
States; 3California Polytechnic State University- San Luis 
Obispo, Animal Science, San Luis Obispo, California, United 
States; 4Cal Poly, San Luis Obispo, Animal Science , San 
Luis Obispo, California, United States; 5University of 
Arkansas, , Fayetteville, California, United States. 

Poultry became the world’s most consumed meat in 2019. 
However, poultry carcasses cause high incidences of 
bacterial contaminations, especially 
for Salmonella and Campylobacter, and meat toughness 
when the carcasses are deboned without sufficient aging. 
Recently, a novel chilling technology of hot water spray 
(HWS) and sub-zero saline chilling (SSC) demonstrated the 
improvement of product safety and meat tenderness. This 
study investigated the effects of SSC with or without HWS of 
broiler carcasses on the breast meat's safety and sensory 
attributes. One hundred and twenty-six 6-week-old 
commercial broilers with 2.5 – 3.5 kg live weights were 
obtained locally. The birds were conventionally processed at 
Cal Poly. After evisceration, carcasses were randomly 
assigned and chilled by one of the six chilling solutions: 1) 
WIC (water immersion chilling in 0% NaCl/0.5 oC for 75 min), 
2) SSC (immersion chilling in 4% NaCl/-2.41 oC water), 3) 
HWS68-WIC (HWS at 68 oC for 1 min +WIC), 4) HWS68-
SSC ( HWS at 68 oC for 1 min + SSC), 5) HWS71-WIC 
(HWS at 71 oC for 1 min) + WIC), and 6) HWS71-SSC (HWS 
at 71 oC for 1 min + SSC). Two medium size birds were 
selected to monitor their internal temperatures during 
chilling. At 3 h postmortem, neck and breast skin (25 g) were 
aseptically severed to evaluate bacterial populations, while 
breast fillets were used to analyze sensory attributes using 
trained- and consumer-sensory panels. The experiment was 
a completely randomized design with 3 replications. All data 
were analyzed using the PROC MIXED procedure of SAS. 
HWS71 significantly reduced total plate count (TPC) and 
was lower than no spray and 68 oC spray, regardless of the 
chilling method. Similar results were observed 
for Salmonella. In the case of Campylobacter, WIC showed 
the most Campylobacter, with an intermediate value 
observed with WIC71. For Escherichia coli (E. coli), SSC 
significantly reduced E. coli regardless of HWS or WIC, with 
intermediate values in both HWS68 + WIC and HWS71 + 
WIC. The trained sensory panel indicated that SSC fillets 
were more tender, saltier, less metallic, and less cardboardy 
than WIC. The consumer sensory panel observed that the 
SSC fillets had tender, juicier, saltier, better flavor, and 
higher overall liking scores than the WIC control fillets. 
Based on these results, the carcasses chilled with SSC 
generally produced safer and higher quality fillets, especially 
when combined with HWS, than those of the control (WIC) 
without HWS. 

411P Time course response to coccidia challenge in 
the expression of gut health related genes in broiler 
chicken. Juxing Chen1, Kyle Cook1, Frances Yan*1, Deana 
Hancock1, Mercedes Vazquez-Anon1; 1Novus International, 
Inc., St. Charles, Missouri, United States. 

Coccidiosis is a ubiquitous disease in modern poultry 
production caused by protozoan parasites of the 
genus Eimeria (E.). The time course response of gut health 
parameters to coccidia challenge remains to be investigated. 
The study consisted of 2 treatments - 1) Control without 
coccidia challenge, and 2) Coccidia challenge by oral 
gavage with a coccidiosis vaccine (mixed species 
of E. acervulina, E. tenella, and E. maxima) at 100x the 
recommended dose on d11. Each treatment had 12 replicate 
cages with 8 birds per cage. Birds were raised in battery 
cages and fed a corn-SBM-based diet with DDGS (5-7.5%) 
and meat bone meal (3%) as mild dietary challenges. Diets 
were provided in crumbled form in the starter phase and 
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pelleted form in the grower phase. Growth performance was 
determined on days 8, 11, and 18. On days 0, 4, 5 and 7 
post challenge (dpi, d11, 15, 16 and 18), one bird per pen 
was sacrificed to collect serum to measure serum coloration, 
and duodenum and jejunum tissues to measure the 
expression of some gut health related genes. Data were 
subjected to one-way ANOVA and means were separated 
by Fisher’s protected LSD test. Eimeria challenge reduced 
feed intake and body weight gain, and increased FCR during 
the challenge phase d11-18, reduced serum coloration by 
25%, 59% and 50%, respectively, on 4, 5 and 7 dpi 
compared to 0 dpi, indicating Eimeria challenge caused 
coccidiosis and reduced growth performance and nutrient 
absorption as expected. IL10 mRNA was increased by 2.9 
and 1.4 fold at 5 and 7 dpi in duodenum and 2.3 and 1.9 fold 
at 4 and 5 dpi in jejunum in challenged birds. IFNg mRNA 
was increased by 4.0, 5.6 and 3.0 fold at 4, 5 and 7 dpi in 
duodenum, 17.5, 7.6 and 6.3 fold at 4, 5 and 7 dpi in jejunum 
in challenged birds. IL1b mRNA was increased by 2.1 and 
1.5 fold at 5 and 7 dpi in duodenum in challenged birds. IL8 
mRNA was increased by 1.6, 3.8 and 4.5 fold at 4, 5 and 7 
dpi in duodenum, 2.5 fold at 4 dpi in jejunum in challenged 
birds. IL17 mRNA was decreased by 53%, 56% at 4 and 5 
dpi in jejunum in challenged birds. IL4 mRNA was decreased 
by 30% in duodenum and 47% in jejunum at 4 dpi in 
challenged birds. MUC2 mRNA was decreased by 45% at 5 
dpi and ZO1 was decreased by 26% at 4 dpi in jejunum in 
challenged birds. In summary, Eimeria challenge decreased 
growth performance, reduced serum coloration, and altered 
expression of many gut health related genes, indicating 
elevated inflammation and compromised gut barrier 
function. Five dpi and 4 dpi were the most sensitive time 
points to see response of gut health parameters measured 
in this study for duodenum and jejunum, respectively. 

412P No effects of red-green or full spectrum white 
LEDs on incubation or post-hatch production variables 
in broilers. Melanie M. Bergman*1, Faisal Riaz1, Esther M. 
Oluwagbenga1, Jenna M. Schober1, Victoria K. Tetel1, Karen 
Christensen2, Gregory S. Fraley1; 1Purdue University, 
Animal Sciences, West Lafayette, Indiana, United 
States; 2Tyson Foods, Office of Animal Welfare, Springdale, 
Arkansas, United States. 

Light plays a vital role in visual perception, development, and 
welfare of birds. Since the advent of LED lights, numerous 
studies have attempted to obtain effects of lighting on 
developing embryos, with quite mixed results. Several 
studies have agreed, however, that red and green lights 
have beneficial effects on broilers. Further, new evidence 
has suggested the importance of ultraviolet light in birds. Our 
study was designed to examine whether red-green lights or 
full spectrum white lights placed in incubators would benefit 
production or welfare of broilers. In order to accomplish this 
goal, fertilized eggs were obtained from a commercial 
hatchery. 150 eggs were placed in each of 3 incubators that 
contained control (dark), white light (380-715 nm), or a 
combination of green (510-540 nm) and red (625-640 nm) 
LEDs. The photonic energy of each light treatment was 
normalized at the level of the egg (~2.16 x 102 uWatts/cm2). 
Incubation settings were set to follow industry standards. 
Lights were provided for 12 hours per day throughout 
incubation and the same lights were provided in the 
respective hatchers. During incubation, we measured 
eggshell temperature (60 eggs per incubator) and embryo 

weights (10 per incubator) on days 7 and 14. Hatching traits 
such as hatchability and dead in shell percents were 
calculated by doing breakout analyses. Following hatch, 20 
chicks were placed per pen (6 pens per incubator) and body 
weight, feed intake, and FCR were calculated on weekly 
basis beginning the day of hatch until 21 days of age. An 
isolation vocalization fear test performed (n = 12 per 
incubator) weekly beginning day 7 through day 21. Birds 
were placed into an isolation chamber and the time to cease 
vocalizations was recorded. The complete experiment was 
then repeated while rotating the lighting treatments among 
the incubators. All data were analyzed by mixed effects 
model for ANOVA, or a 2-way ANOVA with repeated 
measures as appropriate. None of the variables measured 
during the study showed any significant effects nor trends 
towards significance. Our results suggest that although light 
plays a critical role in post hatch development and 
reproductive status, its role on embryonic tissue remains to 
be elucidated. 

413P Comparison of the body weight, laying 
performance, and egg quality between 12 crossbred 
Korean native chickens and commercial layers from 20 
to 32 weeks of age. Eunsoo Seo1, Myunghwan Yu*1, Jun 
Seon Hong1, Elijah O. Oketch1, Shan Randima 
Nawarathne1, Nuwan Chamara Chathuranga1, Jeseok Lee1, 
Bernadette Gerpacio Sta. Cruz1, Venuste Maniraguha1, 
Haeeun Park1, JungMin Heo1; 1Chungnam National 
University, Animal Science and Biotechnology, Daejeon, 
Korea (the Republic of). 

The objective of this study was to evaluate body weight 
(BW), hen-day egg production (HDEP), and egg quality in 
Korean Native Chickens (KNCs) compared with Hy-Line 
Brown as a counterpart. A total of 130, 20-week-old hens 
were randomly allotted into one of 13 groups with 10 
replicates individual cages. The 13 groups consisted of 12 
crossbred KNC (A2, A3, A4, B1, B3, B4, C1, C2, C4, D1, D2, 
D3) and Hy-Line Brown. All the birds were fed commercial 
diets (i.e., crude protein [CP] 18.0% and metabolizable 
energy [ME] 2,850 kcal/kg;) with fresh drinking water during 
the complete experimental period. The BW was measured 
at 4-week intervals and HDEP was determined weekly basis 
for 12 weeks. A total of 30 eggs from each group (390 eggs 
cumulatively) were randomly collected for three consecutive 
days when hens reached week 32. Egg quality parameters 
were measured, including egg weight, Haugh-unit, albumen 
height, yolk color, eggshell thickness, and eggshell strength. 
All the collected data were analyzed using the one-way 
ANOVA at a 95% significant level using the SPSS software 
package (Version 26; IBM SPSS Statistics, 2019). Body 
weight (BW) differed (P < 0.05) from week 20 to 32 between 
the 13 groups where birds in A2 had a higher body weight (P 
< 0.05). The HDEP, Haugh-unit, and yolk color was not 
different (P > 0.05) from all the groups from week 20 to 32. 
Regarding the egg quality parameters, B4 had a 
comparative value (P > 0.05) to Hy-Line Brown in egg 
weight, albumen height, and eggshell color on week 32. 
However, eggshell thickness and eggshell strength of all 
crossbred KNC groups had lower values (P < 0.05) than Hy-
Line Brown. Overall, our data showed that the layer in B4 
had a similar value of egg weight, Haugh-unit, albumen 
height, yolk color, and eggshell color compared to 
commercial Hy-Line Brown. 
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414P Not Presented. 

415P Not Presented. 

416P Not Presented. 

417P Amino acid complexed-zinc requirements for 
laying hens. Ana C. Santos1, Carlos B. Rabello1, Marcos J. 
Santos*1, Lilian F. Souza1, Helena E. Manso1, Alvaro Burin3, 
Hélia S. Souza1, Dayane A. Silva1, Apolônio G. Ribeiro1, 
Alba K. Fireman2; 1Federal Rural University of Pernambuco, 
Animal Science, Olinda, , Brazil; 2Zinpro Corporation, , Eden 
Prairie, Minnesota, United States; 3Zinpro Corporation, 
Cascavel, Paraná, Brazil. 

Minerals complexed to organic molecules have different 
chemical characteristics and absorption ratios, resulting in 
different requirements for those molecules. This study aimed 
to evaluate the requirement for amino acid-chelated zinc 
(Zn-AAC) in laying hens aged 16 to 26 weeks. A total of 216 
birds were randomly assigned to 6 treatments with 6 
replicates. Two diets, one with a high and one with a low 
level of Zn-ACC, were formulated to have the same level of 
minerals (except for Zn), amino acids, vitamins, and energy 
according to the requirements of Dekalb White guidelines. 
The Zn content of the high-level diet was 75 mg/kg, the low 
level was 15 mg/kg, and the intermediate levels were 25, 35, 
and 55 mg/kg, respectively, obtained by successive dilutions 
of the high-level diet with the low-level diet. The eggs were 
recorded daily, and the average feed intake was calculated 
once a week. At the end of the experimental period, one bird 
per plot unit was euthanized for organ evaluation. The Zn-
ACC requirement was calculated by the equation Y = 
Rmax1-e(-bx), where Rmax is the maximum response, e is 
Euler's number, b is the growth ratio, and x is the Zn intake. 
The estimate of Zn-ACC for each variable was calculated by 
the inversion of the model. The data were adjusted by the 
Nlin procedure (P < 0.05). There was no statistical difference 
for average daily feed intake, feed conversion ratio, and 
organ weight (P > 0.05). However, there was an effect on 
egg output, Y = 92.421-e(-7.04x), where the inversion of the 
model estimated the Zn-ACC intake to achieve the 
maximum response at 1.63 mg/bird/day. The egg weight 
equation was Y = 48.751-e(-11.2x), and the Zn-ACC intake was 
estimated at 1.02 mg/bird/day. The Zn-ACC intake required 
to achieve the maximum egg mass (45 g) was 1.02 
mg/bird/day, Y = 45.11-e(-6.72x). The ideal intake of Zn for 
laying hens, considering egg output, was 1.63 mg/bird/day. 

418P Effect of in ovo injection of xylooligosaccharides 
and diets supplemented with xylanase or a combination 
of xylanase and xylooligosaccharides on hatchability, 
growth performance, and ileal gene expressions of 
broilers. Razib Das*1, Pravin Mishra1, Gemma Gonzalez 
Ortiz2, Mike Bedford2, Birendra Mishra1, Rajesh 
Jha1; 1University of Hawaii at Manoa, Honolulu, Hawaii, 
United States; 2AB Vista, Marlborough, Wiltshire, United 
Kingdom. 

This study evaluated the stimbiotic effect of in 
ovo xylooligosaccharides (XOS) on broilers’ growth and 
intestinal health when raised on a fiber-rich corn-soybean 
meal diet supplemented with xylanase, or xylanase and 
XOS. A total of 582 fertile Cobb 500 eggs were allocated into 
three in ovo treatment groups: a) true control (TC, no 

injection), b) injected control (IC, deionized water), and c) 
XOS (XS, 3 mg xylobiose and xylotriose in deionized water) 
and incubated at 95°F and 50% RH. The eggs received an 
inoculum into the air sac on the 12th embryonic day. After 
hatching, 531 chicks from three prehatch groups were 
further divided into three post-hatch dietary groups, resulting 
in an experiment of 3X3 factorial arrangement. The in 
ovo treatments showed no effects on hatchability. The 
prehatch group chickens were divided into three post-hatch 
dietary treatments: a) control (D1), b) xylanase 
supplemented (D2), or c) xylanase and XOS supplemented 
(D3) diet. All three groups were fed diets in two phases 
(starter: d0-d21, and finisher: d22-d35). 
Diets D2 and D3 showed a trend of increased body weight 
(BW) (P=0.064) and body weight gain (BWG) (P=0.065) on 
d21 except for those birds derived from the in ovo XS group, 
but no significant difference for BW was found on d35. In 
ovo XS increased BWG from d22 to d35 (interaction 
effect, P=0.065) in both xylanase-enriched D2 and D3 diet 
groups; notably, the D3 showed the highest BWG in finisher 
chickens. Though there was no significant difference in 
average daily gain (ADG) due to in ovo treatments in finisher 
chickens, D2 and D3 diets increased ADG (dietary 
supplementation effect, P=0.045) for those birds. Regarding 
average daily feed intake (ADFI), a highly significant 
interaction (P=0.003) was observed between in ovo and 
dietary treatments in the starter chickens, as well as a higher 
intake among in ovo XS chickens. The D3 and D2 diets 
increased ADFI in the finisher (P=0.008) and the overall 
period (P=0.021). The D2 diets improved (P=0.01) the feed 
conversion ratio (FCR) in starter chickens and did not affect 
FCR in the finisher phase but significantly improved during 
the overall period (P=0.021). The ileal tissues from d21 and 
d35 chickens were analyzed for the expression of IL1β, IL10, 
TLR4, IFNγ, CLDN, SOD1, and SOD2 genes. 
The D2 and D3 diets increased the expression of SOD1 on 
d21 with an additive effect (P=0.05) and in ovo XS chickens 
on d35 (P=0.02). IFN-γ was upregulated in d21 chickens 
(P=0.1) and IL-10 in d35 chickens (P=0.02) of in 
ovo XS group. The chickens showed improved performance 
and better gene regulation in response to in ovo XOS and 
dietary xylanase supplementation with or without XOS 
stimbiotic. 

419P Effects of in ovo injection of xylobiose and 
xylotriose on immunity, cecal metabolites, microbial 
ecology, and metabolic pathways in broiler 
chickens. Razib Das*1, Pravin Mishra1, Birendra Mishra1, 
Rajesh Jha1; 1University of Hawaii at Manoa, Honolulu, 
Hawaii, United States. 

Dietary supplementation of xylooligosaccharides (XOS) has 
been found to affect gut microbes and health. The study 
investigated the effect of in ovo supplementation with two 
XOS compounds, xylobiose (XOS2) and xylotriose (XOS3), 
on gut health variables in the post-hatch life of chickens. A 
total of 144 fertile Cobb 500 chicken eggs were divided into 
three groups: a) non-injected control (CON), b) XOS2, and 
c) XOS3. The eggs in the XOS2 and XOS3 groups were 
injected with 3mg of XOS2 and XOS3 diluted in 0.5 ml of 
0.85% normal saline, respectively, through the amniotic sac 
on the 17th embryonic day. The chickens were allocated in 
metabolic cages following a completely randomized design 
and raised for 21 days. One-way ANOVA was conducted on 
Plasma IgA and IgG, and cecal metabolites data. Qiime 2 
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bioinformatics platform was used for processing the 
metagenomics information for further analysis. Plasma was 
collected on d14 for IgA and IgG analysis, but there were no 
differences (P>0.05) among the treatments. Cecal digesta 
were collected on d 7, 14, and 21 for measuring short-chain 
fatty acids (SCFA), microbial ecology, and metabolic 
pathways analysis. Gas chromatography showed no 
significant differences in the concentrations of cecal SCFA 
(acetate, propionate, or butyrate) on d14. However, the 
SCFA concentrations were lower (P<0.05) in XOS2 and 
XOS3 than CON on d21, with XOS3 having the lowest 
concentration. The cecal metagenomics data showed a 
difference (P<0.05) in alpha diversity (Chao1 index) on d7. 
There was no difference (P>0.05) in beta diversity on d7 or 
alpha and beta diversity on d21. At the family level, the 
abundance of Clostridiaceae significantly decreased in 
XOS2 compared to CON on d7, and the abundance 
of Oscillospiraceae increased in XOS2 compared to CON on 
d21. The analysis showed a reduced relative abundance of 
genus Clostridium sensu stricto1 in XOS2 compared to CON 
on d7, and a lower abundance of genus Ruminococcus 
torques in both XOS2 and XOS3 compared to CON on d21. 
XOS2 and XOS3 groups reduced the genes for Chondroitin 
sulfate degradation I and L-histidine degradation I pathways, 
respectively, in the microbiome on d7. On the contrary, these 
groups enriched the thiamin salvage II, L-isoleucine 
biosynthesis IV, and O-antigen building blocks biosynthesis 
(E. coli) pathways on d21. Unlike XOS3 and CON, the 
microbiome enriched the flavin biosynthesis I, sucrose 
degradation III, and Calvin-Benson-Bassham cycle 
pathways in XOS2 on d21. In conclusion, in ovo XOS 
promotes beneficial bacterial growth and reduces harmful 
bacteria at the family and genus levels. The metagenomic 
metabolic pathways indicate a congenial reconstruction of 
cecal metabolite availability. 

420P Microalgae and xylanase in diet modulate cecal 
microbial diversity and metabolic pathways of broiler 
chickens. Pravin Mishra*1, Razib Das1, Ajay Chaudhary1, 
Birendra Mishra1, Rajesh Jha1; 1University of Hawaii at 
Manoa, Honolulu, Hawaii, United States. 

Improving gut health and growth performance is the primary 
target of the poultry industry for healthy broiler production. 
Therefore, a meticulous selection of feedstuffs that have 
functional components and the ability to improve microbial 
diversity may be a good strategy to modulate gut health. 
Microalgae act as prebiotics due to its compositions 
(cellulose, hemicellulose, lignin, and pectin) and are 
considered potential sustainable animal feedstuffs. 
However, the role of microalgae with xylanase on poultry gut 
and its microbial diversity is unclear. Therefore, this study 
investigated the changes in the cecal microbial diversity and 
metabolic pathways in metagenomics data in broilers fed 
with microalgae and xylanase. Cobb 500 day-old chicks 
(n=162) were raised for 35 days and fed with one of three 
dietary treatments [Corn-soybean meal (CON), CON + 3% 
microalgae (MAG), MAG + xylanase (MAG+XYN)] in two 
phases (starter: d0-21 and finisher: d22-35). On d3 and d35, 
cecal digesta were collected for microbiome and metabolic 
pathway analysis. The data were analyzed in QIAGEN CLC 
genomic workbench (version 22.0.2) and STAMP (version 
2.1.3). Microbial diversity was analyzed using ANOVA with 
the post-hoc test Tukey-Kramer, and metabolic pathways 
using two-sided white’s non-parametric t-test with DP: 

bootstrap. All data were considered statistically significant at 
P<0.05. Relative microbial abundance at the genus level 
showed that MAG and MAG+XYN groups had a diverse 
microbial community on d3 and d35. However, no bacterial 
genus has a significant difference in their relative abundance 
on d3, but sixteen genera showed significant differences in 
their relative abundance among the dietary treatments on 
d35. Most of these bacteria benefit the host as they help in 
short-chain fatty acid production and improve gut barrier and 
immunity. Moreover, MAG and MAG+XYN fed broilers had 
better responses than CON groups for metabolic pathways 
(D-mannose degradation, Pectin degradation I and II, β-1-4-
mannan degradation, tetrahydrofolate biosynthesis, 
glutathione biosynthesis, glutathione-peroxide redox 
reactions, lactate fermentation to propanoate, acetate and 
hydrogen, etc.) on d3 and d35. Most of the statistically 
changed pathways are related to fiber utilization and 
oxidative stress reduction, which is also beneficial to the host 
in maintaining immunity and overall health. In conclusion, 
dietary inclusion of microalgae and xylanase can modulate 
cecal microbial diversity and the associated metabolic 
pathways, thus improving gut health and immunity. 

421P Identification of antimicrobial peptides 
from Bacillus to control Clostridium perfringens. Alex 
Novodvorski12, Dion Lepp1, Stephen Seah2, Joshua 
Gong*1; 1Agriculture and Agri-Food Canada, Guelph 
Research and Development Centre, Guelph, Ontario, 
Canada; 2University of Guelph, Guelph, Ontario, Canada. 

Chicken necrotic enteritis is a bacterial disease caused by 
type G Clostridium perfringens, which threatens chicken 
production worldwide in the post antibiotic-free era. 
Developing a viable alternative to in-feed antibiotics to 
control the pathogen has thus become urgent. The use of 
probiotics, particularly those producing antimicrobial 
peptides, in animal production has attracted a significant 
attention for prophylactic application. Bacteriocins are 
ribosomally-synthesised antimicrobial peptides that target 
bacterial pathogens with high specificity through different 
modes of action. Bacteriocins range in size from 5 – 100 
kDa; they are generally stable with resistance to protease 
degradation and heat. The colonization of bacteriocin-
producing probiotics in the chicken gut can offer a narrow-
spectrum defence against pathogens while avoiding 
negative side effects caused by antibiotic application. The 
current project uses a combination of genomic and 
proteomic approaches to identify antimicrobial peptides 
in Bacillus. A number of fecal and digesta samples were 
collected from free-range and antibiotic-free chickens. After 
screening of over 200 Bacillus isolates through an In 
vitro inhibitory assay against C. perfringens, a short list has 
been generated with three isolates potentially producing 
bacteriocins. To identify the bacteriocins, protein samples 
were subjected to separation and analyses by liquid 
chromatography, SDS-PAGE and tandem MS with partial 
protein sequences matching to the corresponding genes in 
selected isolates, whose genomes have been sequenced by 
Nanopore and Illumina. Semi-purified chromatography 
fractions inhibited C. perfringens growth, reducing the 
OD600 of a log phase culture to 0 over 24 h incubation with 
minimum inhibitory concentrations ranging from 15 – 60 
μg/mL. The strongest bands on SDS-PAGE appeared to be 
10 – 12 kDa in size. The gene of interest from one isolate 
was cloned into expression vectors, and the his-tagged 
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protein was purified by affinity chromatography. The 
antimicrobial peptide is currently under characterization. 

422P Evaluating the Electroencephalogram of laying 
hens in response to Ventilation Shutdown plus Heat 
with Humidity injected to accelerate depopulation 
methodologies. Kenneth E. Anderson*1, Kari L. Harding1, 
Sanjay Shah2, Ramon D. Malheiros1; 1North Carolina State 
University, Prestage Department of Poultry Science, 
Raleigh, North Carolina, United States; 2North Carolina 
State University, Biological and Agricultural Engineering, 
Raleigh, North Carolina, United States. 

In 2015 and 2022, the egg industry dealt with two of the 
worst highly pathogenic avian influenza outbreaks in U.S. 
poultry history. Timely and humane depopulation continues 
as the primary and critical measure to contain the outbreak. 
Depopulation methods utilized for birds in 2022 included 
Ventilation Shutdown Plus (VSD+), foaming, and CO2 to 
mitigate prolonged suffering of infected birds. This research 
project’s objective was to examine ways to enhance the 
effectiveness of VSD+ by increasing the relative humidity 
(Rh) in the system thereby reducing latent heat loss through 
panting by the birds. This would theoretically shorten the 
Time of Death (TOD) for depopulating caged laying hens 
versus VSD+ only. This was done by evaluating the 
Electroencephalogram (EEG), and environmental 
parameters. Four chambers (3.4 ft3 ea.) were constructed to 
represent industry standards for cage facilities. The 
treatments used were VSD+Heat (VSDH), VSD+Heat and 
Humidity (VSDHRh) and VSD+CO2 (VSDCO2) and were 
repeated 4 times with one hen/chamber for a total of 12 
hens. EEG electrodes were affixed in the subcutaneous skin 
around the skull of the hens to monitor electrical brain 
activity. Data was analyzed with JMP 15 Pro using the GLM 
with full factorial effects for VSDH, VSDHRh and VSDCO2 
fit to each of the response variables and all pairwise 
comparisons used Tukey's HSD to separate means. The 
transformed EEG analysis used the integral area under the 
curve calculated using the Trapezoidal method; using a 
NPARM analysis. The starting chamber temperatures were 
lower by approximately 4 C in the CO2 chamber, however, 
% CO2, and % Rh were similar at the start averaging 0.28% 
and 47.7%, respectively. The VSDH and VSDHRh 
temperatures were higher the end than the VSDCO2 at 44.1 
C, 43.6 C, and 29.5 C (P<0.01), respectively. VSDCO2 had 
the highest CO2 % at 22.73% than either of the other 
treatments. Rh was highest (P<0.01) in the VSDHRh at 
91.1% over the VSDH and VSDCO2 at 61.6 and 64.7 %, 
respectively. The starting core body temperature (CBT) 
ranged from 39.4 to 41.0 C and were not different between 
treatments. At TOD the CBT was highest (P<0.01) for 
VSDHRh (45.5 C) and VSDH (45.3 C) over the CBT of the 
VSDCO2 hens at 41.0 C. The TOD was longest in the VSDH 
at 54.5 min followed by VSDHRh at 45.8 min, followed by 
VSDCO2, shortest at 24.5 min. Hens did not differ in their 
time in an insensible millivolt (0-0.01mV) range. There were 
no significant differences between slopes or the integral area 
under the curve for the transformed EEGs for any of the 3 
treatments. The conclusion based on these results is there 
is no significant difference between the methods other than 
TOD. 

423P Not Presented. 

424P 1,25-Dihydroxyvitamin D3-glycoside in broiler 
chicken diets with reduced available calcium and 
phosphorus. Ricardo V. Nunes*1, Nilton Rohloff Junior1, 
Thiago d. Andrade1, Guilherme L. Silva Tesser1, Gabriel N. 
Comin1, Marcelo F. Monteiro1, Marlene Schmidt2, Lidiane I. 
Datsch1, Barbara A. Bebber1, Gabrieli Toniazzo1, Cinthia 
Eyng3, Gabriele L. Tischer3; 1Western Paraná State 
University, Animal Science, Marechal Cândido Rondon, 
Paraná, Brazil; 2Nutriquest, Animal Science, São Paulo, São 
Paulo, Brazil; 3Western Paraná State University, Animal 
Science, Marechal Cândido Rondon, Paraná, Brazil. 

This study aimed to evaluate the inclusion of 1,25-
dihydroxyvitamin D3-glycoside (Panbonis10) in broiler 
chicken diets with standard or reduced available calcium 
(Ca) and phosphorus (P). A total of 800 one-day-old male 
Cobb 500® broiler chicks were assigned to four treatments, 
10 replicate pens and 20 birds per pen. The treatments were: 
CD (basal diet formulated to meet the nutritional 
requirements according to the strain manual 
recommendation); RD (basal diet with 20% reduced 
available Ca and P); and CD + 75g Panbonis10 kg-1; and RD 
+ 75g Panbonis10 kg-1. The available Ca and P for the pre-
starter, starter, grower, and finisher phases were 0.96 and 
0.58%; 0.8 and 0.4%; 0.74 and 0.37%; and 0.72 and 0.36%, 
respectively. Feed intake (FI), body weight gain (BWG), and 
feed conversion ratio (FCR) were evaluated from 1 to 42 
days of age. Serum Ca and P concentrations were evaluated 
at 21 and 42 days of age. The data were submitted to the 
normality test and analysis of variance. If a statistical 
difference was observed, data were submitted to Tukey’s 
test. All statistical procedures were performed using the 
software SAS® (OnDemand Edition for academics). At 21 
days of age, broilers that were fed diets CD + Panbonis10 had 
increased BWG compared to other treatments. At the same 
period, the FCR was lower (P = 0.0045) in broilers that were 
fed CD + Panbonis10 and RD + Panbonis10 than those that 
were fed CD and RD diets. At 42 days of age, there was a 
tendency in reducing FCR (P = 0.0984) in broilers that were 
fed CD + Panbonis10. Considering the serum Ca and P 
analysis, broilers that were fed CD + Panbonis10 had 
increased Ca levels at 21 (P = 0.0444) and 42 days of age 
(P = 0.0014) compared to broilers that were fed RD diet. No 
differences were observed for serum P at both 21 and 42 
days of age (P > 0.05). The broilers that consumed diets with 
Panbonis10 showed a 17.85% increase in serum Ca when 
the diet was formulated with standard nutritional 
requirements for available Ca and P while when the diets 
had 20% of reduced available Ca and P there was an 
increase of 24.99%. Thus, it is concluded that the 
supplementation of 75 g of 1,25-dihydroxyvitamin D3-
glycoside kg-1 in both diets that met the nutritional 
requirements and diet with 20% reduced available Ca and P 
requirements had improved BWG and FCR along with 
increase on circulating serum Ca concentrations. 

425P Gene expression of Calbindin 1 in the jejunum of 
broiler chickens from breeders supplemented or not 
with 1,25-Dihydroxyvitamin D3-glycoside. Ricardo V. 
Nunes*1, Thiago d. Andrade1, Nilton Rohloff Junior1, Cinthia 
Eyng1, Guilherme L. Silva Tesser1, Barbara A. Bebber1, 
Bruna Gris1, Cristine Kaufmann1, Maressa F. Cardoso 
Pereira1, Heloisa Sartor1, Robie A. Bombardelli1, Ana Paula 
G. Costa1; 1Western Paraná State University, Animal 
Science, Marechal Cândido Rondon, Paraná, Brazil. 
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This study aimed to evaluate the gene expression of 
calbindin 1 in the jejunum tissue of 21-day-old broilers from 
breeders that consumed or not consumed diets 
supplemented with 1,25-Dihydroxyvitamin D3-glycoside - 
1,25(OH)2D3-glycoside. At 20 weeks of age, a flock of Ross 
308 AP breeders from the same origin were distributed into 
two commercial houses in order to produce fertile eggs, 
forming two groups. The diets provided to the breeders were 
formulated to meet the nutritional requirements of Ross 308 
AP breeders throughout the production period (20 to 65 
weeks of age). One group of breeders received diets 
supplemented with 100 g of 1,25(OH)2D3-glycoside ton-1 and 
the other group received the control diet. At 30, 46, and 62 
weeks of age, the fertile eggs were selected and identified 
by group, and were incubated in a commercial hatchery. At 
birth, the progenies were sexed, and the males sent to the 
experimental house at the Western Paraná State University 
to evaluate the gene expression of Calbindin 1 (CALB1). A 
total of 384 one-day-old male broiler chicks were assigned 
to two treatments and eight replicates. One treatment 
consisted of progenies from breeders supplemented with - 
1,25(OH)2D3-glycoside and the other treatment consisted of 
progenies from breeders that were not fed diets 
supplemented with 1,25(OH)2D3-glycoside. At 21 days of 
age, one bird per pen was killed for collection of jejunal 
fragments and subsequent evaluation of CALB1 gene 
expression through RNA relative quantification in qRT-PCR. 
This procedure was repeated for each egg collection and 
incubation at 30, 46, and 62 weeks. The data were submitted 
to the normality and homogeneity tests. Then, the analysis 
of variance was performed. If a statistical difference was 
observed, the F teste was used to compare the averages 
between the diets of the breeders. Additionally, the Student 
Newman Keuls test was used to compare the age of the 
breeders. All statistical procedures were performed using 
the software SAS® (OnDemand Edition for academics) at 
10% of probability. The supplementation with 1,25(OH)2D3-
glycoside in diets of Ross 308 AP breeders at 62 weeks of 
age increases CALB1 gene expression in the jejunum of 21-
day-old progenies (P = 0.0002). The supplementation with 
1,25-Dihydroxyvitamin D3-glycoside in the diets of Ross 308 
AP breeders provides an increase in Calbindin 1 gene 
expression in the jejunum of 21-day-old progenies. 

426P Dietary supplementation of algae-based 
antioxidant containing Se yeast: A strategy to replace 
vitamin E and enhance growth performance and 
immunity of broiler chickens. Maleeka N. Nambapana2, 
Samiru S. Wickramasuriya*1, K Samarasinghe3, Janak K. 
Vidanarachchi3; 1Chungnam National University, 
Department of Animal Science and Biotechnology, Daejeon, 
Korea (the Republic of); 2Uva Wellassa University, 
Department of Animal Science, Badulla, Sri 
Lanka; 3University of Peradeniya, Department of Animal 
Science, Peradeniya, Sri Lanka. 

An experiment was conducted to determine the effect of 
algae-based antioxidants containing Se yeast 
(EconomasE®) on growth performance, gut health, blood 
variables, and immunity of broiler chicken. One hundred and 
eighty, day-old male broiler chickens (Cobb 500, 43.97±0.55 
g) were divided into three dietary treatments and allocated 
into 15 deep litter pens in a completely randomized design 
giving five replicate pens for each treatment. Three dietary 
treatments were: i) control (CON, basal diet with sufficient 

nutrients), ii) vitamin E (VitE, basal diet supplemented with 
100 IU VitE), and iii) Algae-based antioxidant containing Se 
yeast (EcoE, basal diet supplemented with 0.2% 
EconomasE®). Maize soybean meal based basal diets were 
formulated to meet or exceed the nutrition requirement for 
broiler chickens. Chickens were fed ad-libitum experimental 
diets during the 42 days experiment period. Weekly, average 
body weight and feed intake were measured to calculate the 
feed conversion ratio of the chickens. On days 14 and 42, 
small intestinal histo-morphology was analyzed. On days 14, 
21, 35, and 42 blood parameters and antibody titer against 
the infectious bursal disease (IBD) vaccine were analyzed. 
On day 42, blood immunoglobulin G level, plasma protein, 
total protein, albumin, globulin, plasma cholesterol, mean 
corpuscular volume, mean corpuscular hemoglobin, and 
mean corpuscular hemoglobin concentration in chicken 
blood were measured. Data were analyzed using GLM 
procedures of one-way ANOVA in SPSS. Significant 
differences (P < 0.05) among treatment means were 
determined using Duncan’s multiple range test. Chickens 
fed with EcoE showed improved (P < 0.05) body weight, 
daily gain and feed conversion effeciency, increased (P < 
0.05) villus height to crypt depth ratio, and thinner (P < 0.05) 
muscularis mucosae of the small intestine on days 14 and 
42. Moreover, elevated (P < 0.05) packed cell volume, red 
blood cell, and monocyte counts were observed in EcoE and 
VitE-fed chickens on days 21 and 42. Increased (P < 0.05) 
IBD antibody titers were observed in the chickens fed with 
EcoE and VitE on day 42. Immunoglobulin G concentration 
and globulin concentration were elevated (P < 0.05) while 
plasma cholesterol levels and albumin to globulin ratio 
decreased (P < 0.05) in EcoE-fed chicken on day 42. In 
conclusion, the results of this study revealed that algae-
based antioxidants containing Se yeast (EconomasE®) 
positively influenced on growth performance, blood 
parameters, and immune competencies of broiler chicken. 

427P Effect of sample size of birds processed per pen 
for assessing myopathy and carcass performance 
data. Clay J. Maynard*1, Kevin Thompson2, Andy 
Mauromoustakos2, Casey M. Owens1; 1University of 
Arkansas, Center of Excellence in Poultry Science, 
Fayetteville, Arkansas, United States; 2University of 
Arkansas, Agricultural Statistics Laboratory, Fayetteville, 
Arkansas, United States. 

Sampling procedures in scientific experiments have long 
been under scrutiny. The use of power testing and 
estimating replications have been utilized as methods for 
designing experiments. Simulation of reanalyzed data has 
become an approach for understanding on a more applied 
basis. In the current analysis, two recent trials were 
simulated 1000 times using a Monte Carlo design to 
represent performance and quality data of broilers reared to 
52 and 56 days of age. Data consisted of male and female 
Ross 708 final live weights and parts yields (breast, tender, 
wing, and leg). Additionally, broiler breast scores for woody 
breast (WB) and white striping (WS) were used. Pens 
contained 18, 21, 24, or 27 birds and all birds were 
processed at the time of sampling. Data for the current 
analysis were then analyzed as the maximum difference, as 
a percent, among all simulated pens and the true mean for 
all pens. Sample size in the simulations was considered for 
each pen on the basis of increasing birds sampled per pen 
starting with 5 birds and concluding with 16 (males) or 20 
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birds (females) sampled per pen. Upon analysis, differences 
were observed between the performance characteristics and 
myopathy characteristics. Among live weight and carcass 
part yields, variance between the sample size of broilers 
processed was relatively minimized. Performance 
parameters had a 3 to 4.4% (females) or 3.26 to 6.44% 
(males) difference from the true mean when selecting 5 
broilers for processing and this difference decreased to 
approximately 1% when sampling 16 or 20 birds per pen. 
However, myopathy differences were much greater with a 
small sample size. When assessing either woody breast or 
white striping, differences between sampled birds in the 
selected range could persist as high as 45% (WB) and 28% 
(WS) in both males and females. The difference decreased 
with more birds sampled (16 or 20 birds) to approximately 
9% (WB) and 6% (WS), for males and females. This data 
suggests that myopathy characteristics are much harder to 
depict when sampling a smaller proportion of a pen rather 
than the culmination of a more robust sample size. In 
addition, a sample size of 5 to 20 birds consistently produces 
a tenfold difference when comparing performance and 
myopathy measures. Therefore, setting an acceptable 
threshold of possible error should be considered when 
sampling for myopathy data. 

428P Effect of supplemental heat source during 
brooding on broiler growth performance. Angela Scott1, 
Rachael Baker1, Tatijana M. Fisher*1; 1Lincoln University of 
Missouri, Agriculture and Environmental Sciences, Jefferson 
City, Missouri, United States. 

Small-scale poultry producers typically use heat lamps to 
provide the supplemental heat chicks require during the 
brooding period, but heat lamps pose a fire risk and prevent 
chicks from experiencing full darkness. Radiant brooder 
heating plates are marketed as fire-safe options for 
supplemental heat that draw less power than traditional heat 
lamps and emit no visible light. However, radiant heat plates 
require direct contact to warm chicks and do not warm the 
surrounding area. The objective of this study was to evaluate 
the growth rate, feed consumption, and feed conversion ratio 
of broiler chicks brooded with one of two heat sources: a 
heat lamp or a heat plate. Heat lamp pens used a 250-watt 
red heat lamp suspended over the brooding area. Heat plate 
pens used a 14-watt radiant heating plate measuring 30.5 
cm long x 20.3 cm wide. One hundred thirty 1-day-old 
straight-run Ross 308 chicks were obtained from a 
commercial hatchery. Ten chicks were randomly placed into 
each of twelve pens which provided 0.12 square meters per 
bird. Additional chicks were kept in an extra pen and were 
used to replace mortalities and maintain stocking density. 
Throughout the study, all chicks were provided ad 
libitum access to a complete chick starter feed (19% CP) and 
water. Room temperature was maintained between 22 and 
30°C throughout the study. Lighting program was 20L/4D for 
d1 - d6, and 16L/8D after d7. Supplemental heat was 
provided for the first 21 days with one of two sources: six 
pens were randomly assigned to use a heat lamp, and the 
remaining six pens used a radiant heat plate. At placement, 
litter temperature averaged 65.5°C directly under the lamps 
and 30.3°C on the other side of the pen. Litter temperature 
in the heat plate pens averaged 29.2°C throughout and 
40.6°C directly under the plate. Growth parameters were 
measured through processing at 49 days of age. Statistical 
analyses used t-tests with a significance threshold of p<0.05. 

No difference in mortality was observed. At 49 days of age, 
the broilers averaged 2627 g with no significant difference 
between heat sources (p=0.58). Total feed intake averaged 
5379 g per bird with no significant difference between heat 
sources (p=0.39). Feed conversion ratio averaged 1.66 g 
feed/g gain with no significant difference between heat 
sources (p=0.14). These results suggest heat lamps or 
radiant heat plates can be used to provide supplemental 
heat for broilers during the brooding period without impacting 
growth performance. Follow-up studies are required to 
evaluate performance with lower room temperatures or 
larger groups of chicks. Future studies should consider the 
impact supplemental heat sources may have on other 
factors such as behavior and welfare parameters. 

429P Influence of the composition of the pre-peak diet 
on egg production and digestive tract traits of brown-
egg laying hens from 18 to 61 weeks of age. A.F. de 
Juan1, R. Scappaticcio1, L. Aguirre1, R. Lázaro1, L. Cámara1, 
Gonzalo Mateos*1; 1Universidad Politécnica de Madrid, 
Madrid, Spain. 

The effects of the composition and nutritional value of the 
diet fed from 18 to 29 wk of age on egg production and the 
development of the gastrointestinal tract (GIT) were studied 
in brown egg-laying hens from 18 to 61 wk of age. The 
experimental design was completely randomized with 4 pre-
peak diets with a low energy content (2.68 Mcal AMEn/kg) 
organized as a 2 × 2 factorial, with the levels of standardized 
ileal digestible Lys (DLys; 0.78 vs. 0.86%) and crude fiber 
(CF; 3.40 vs. 4.80%) as main effects. From 30 to 61 wk of 
age all hens received a common commercial diet based on 
corn and soybean meal with 2.78 Mcal AMEn/kg, 0.71% 
DLys, and 3.40% CF. Each treatment was replicated 16 
times and the experimental unit was a cage with 8 hens. The 
feeding program consisted of two phases: pre-peak (18 to 
29 wk of age) and laying phase (30 to 61 wk of age) and the 
experiment lasted 44 wk (11 periods of 4 wk each). Egg 
production was controlled daily and egg weight was 
measured weekly. Body weight and feed disappearance 
were measured at the end of each experimental period. In 
addition, the number of dirty, broken, and shell-less eggs 
were controlled daily. Shell strength and albumen quality 
(Haugh units) were measured in all the eggs produced the 
last 2 d of each of the 11 experimental periods. The weight 
and length of the gastrointestinal tract (GIT), from the crop 
to the cloaca, including the digesta content but not the annex 
organs (liver, pancreas, and spleen), and the relative weight 
(% BW) and pH of the gizzard and ceca were measured in 
one hen per replicate at the end of the two feeding phases 
(29 and 61 wk of age). The data were analyzed by period (n 
= 11), phase (pre-peak and laying), and cumulatively as a 
completely randomized design with DLys level and CF 
content as main effects using the MIXED procedure of SAS. 
From 18 to 61 wk of age, the composition of the pre-peak 
diet did not affect any of the egg production or egg quality 
traits studied. Similarly, the composition of the pre-peak diet 
did not affect any of the GIT traits studied at any age except 
for the length of the ceca (cm/BW) at 29 wk of age that 
increased (P < 0.05) as the CF content of the diet increased. 
In summary, an increase in the DLys of the diet fed from 18 
to 29 wk of age from 0.78 to 0.86%, and of CF from 3.40 to 
4.80% did not affect hen production, egg quality, or the 
development of the GIT of the hens from 18 to 61 wk of age. 
The data indicate that the requirement in DLys of young hens 
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is below 0.78% (equivalent to 810 mg DLys/d). In addition, 
under good management and hygienic conditions, pre-peak 
diets with 3.40% CF are adequate to optimize egg 
production throughout the egg cycle. 

430P Not Presented. 

431P Eggshell quality of eggs produced by laying hen 
fed diets containing an endo-1,4-beta-xylanase. Itallo d. 
Faria1, Natiele F. Oliveira1, Deborah P. Carvalho1, Nathalia 
M. de Paula1, Yun-mei A. Lin2, Sudhir Yadav2, Chia-Yu 
Tsai2, Rasha Qudsieh2, Jose H. Stringhini*1,3; 1Universidade 
Federal de Goias, Zootecnia, Goiania, Goias, 
Brazil; 2BioResource International, Durham, North Carolina, 
United States; 3CNPq fellowship, Brasilia, Distrito Federal, 
Brazil. 

The experiment was carried out to evaluate the effect of an 
endo-1,4-beta-xylanase, of the GH11 xylanase family, 
inclusion in laying hen diets on eggshell quality. The trial was 
conducted at the Poultry Experimental Unit of the Animal 
Science Department, Veterinary and Animal Science 
Faculty, Federal University of Goias, Brazil. A total of 288 
Lohmann® White laying hens were placed in a traditional 
cage facility and distributed in 36 replicates of eight birds 
each and 6 replicates per treatment. The hens were fed one 
of 6 corn-SBM-based diets as follows: Positive Control (PC); 
Negative Control - reduction of 100 kcal compared to PC 
(NC); NC+50 g/MT xylanase (XM50); NC+75 g/MT xylanase 
(XM75); NC+100 g/MT xylanase (XM100); NC+125 g/MT 
xylanase (XM125). The trial started at 67 weeks of age, hens 
were allowed to adapt for 2 weeks and data collection was 
performed from week 69 to 85. Data were measured during 
last four days of each period established as follows: 
1st period - 69 to 73 weeks; 2nd period - 74 to 77 weeks of 
age; 3rd period - 78 to 81 weeks of age and 4th period - 82 to 
85 weeks of age. The variables determined were egg 
specific gravity, eggshell weight (g and %); eggshell 
breaking force (Kgf) and eggshell thickness (mm). Data was 
submitted to the analysis of variance (ANOVA) and means 
were separated using the PDIFF statement in SAS, 
significance was set at P<0.05. In the first period, specific 
gravity was better (P<0.05) for PC treatment (1.090) 
compared to XM100 (1.089) and XM125 (1.088). For the 
second period, specific gravity started improving (P<0.05) 
for XM100 and XM125 group, and by third period, specific 
gravity of XM100 and XM125 were comparable to PC. 
Eggshell % was reduced (P<0.05) by approximately 0.4%, 
0.1 %, and 0.5% in the first, second, and third periods, 
respectively, in NC when compared to PC, however, 
supplementing 100 g/MT of xylanase restored the eggshell 
% to a level slightly higher than PC. No difference in eggshell 
breaking force or shell thickness was observed by the end of 
study period. Based on these results, it can be concluded 
that eggshell quality can be negatively affected by reducing 
100 kcal/kg AMEn, however, adding xylanase at 100 g/MT 
can compensate the energy reduction and restore the 
eggshell quality. 

432P Optimizing reliability, accuracy, and validity of 
three scan sampling intervals in the behavioral 
observations of slow growing broiler chickens. Alice 
Cartoni Mancinelli*1, Angela Trocino2, Laura Menchetti3, 
Diletta Chiattelli1, Claudia Chiattelli2, Cesare Castellini1, 
Enrico Sturaro2, Marco Berton2, Alessandro Dal 

Bosco1; 1University of Perugia, Department of Agricultural, 
Environmental and Food Science, Perugia, Perugia, 
Italy; 2University of Padua, Department of Agronomy Food 
Natural Resources Animal and Environment, Padua, 
Italy; 3University of Camerino, School of Biosciences and 
Veterinary Medicine, Camerino, Italy. 

The choice of suitable chicken genotypes for alternative 
rearing systems such as organic and free range is still an 
open issue and the characterization of the expression 
patterns of positive behaviors, like foraging and comfort, or 
the negative ones, such as static and stereotypies, 
represents a powerful tool to assess the adaptability of a 
genotype to a specific rearing condition. In these studies, the 
high number of video acquisitions as well as the elevated 
number of animals limit the applicability of the continuous 
sampling method, which is frequently replaced by the scan 
sampling one. However, there are no specific guidelines 
regarding the choice of the most suitable scan sampling 
interval, hindering results interpretation and comparison 
among different studies. The aim of this research was to 
evaluate the reliability, accuracy, and validity of three 
different scan sampling intervals in the behavioral 
observations of poultry. The Bland Altman test was also 
applied as an innovative statistical approach to compare 
sample intervals and to support the researcher's choices. 
Moreover, the validity of the three scan sampling intervals 
was evaluated in an experimental trial by the application of 
the Odds Ratios (ORs). A total of 400 one-day-old chicks 
(100 chicks/breed of both sexes) of four different slow-
growing chicken genotypes (A, B, C, and D) was randomly 
housed in 8 pens with outdoor access (2 pens/genotype, 50 
birds each) and raised in a free-range system. From 42 to 
81 days, 2 videos/week of 2 hours length for each genotype 
were performed. Each video was analysed with three 
different sizes of sample intervals (10-min, 15-min, and 30-
min) by two expert observers. The recordings at 10-min 
interval were used to classify the behaviours in low, medium 
and high occurrence ones. Although the sample intervals 
showed a good interobserver reliability, the Bland Altman 
plot suggested that the 15- and the 30-min scan intervals 
could overestimate or underestimate by up to 2 times the 
value of low occurrence behaviours detected by the 10 min 
scan sampling interval. The relative differences became 
smaller for the high occurrence behaviours. The ORs 
evidenced a misinterpretation of the results regarding low 
occurrence behaviors among the four chicken genotypes. In 
contrast, for high occurrence behaviors, the results were 
properly interpreted evidencing that the 30-min scan 
sampling interval represents a good and time-saving 
evaluation to characterize chicken genotypes. In conclusion, 
30 min sample interval can be applied in experimental 
studies aimed to investigate the occurrence of highly 
expressed behaviors while the optimal approach to identify 
the low occurrence behaviors remains the short scan 
interval. 

433P A unique combination of Saccharomyces 
cerevisiae fermentation product and essential oils 
improved broiler performance at 33d of age. Vivek A. 
Kuttappan*1, Yann Forunis1, Courtney Clemons1; 1Cargill 
Animal Nutrition and Health, Minneapolis, Minnesota, United 
States. 
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Broiler digestive health and performance have been shown 
to be enhanced by dietary inclusion of the 
postbiotic Saccharomyces cerevisiae fermentation product 
(SCFP), and essentials oil flavor compounds, in various 
studies. The objective of the present study was to evaluate 
unique functionalities of a proprietary combination of 
postbiotic SCFP and essential oil compounds using a meta-
analysis across eight independent trials. All the trials were 
conducted comparing two treatments; either the control 
(CON) or test material (MBP)®, both receiving the same 
basal diet except for the inclusion of 0.4kg/MT of Dia-V™ 
MBPRO (Diamond V Mills, Cedar Rapids, IA) in the MBP diet. 
In all trials, commercial broiler strains were used, they were 
fed corn-soybean based diets, and were raised up to 33d of 
age; various performance parameters were evaluated. In all 
trials, randomized block design was used with pens as 
experimental units. There were 12 to 48 replicates/treatment 
with 216 to 960 birds/treatment. Data were analyzed using 
PROC MIXED model with block nested in study as random 
effect, and significant difference determined at P<0.05. The 
meta-analysis showed that MBP (4.83lbs) birds were 
significantly heavier (P<0.05) than CON (4.71lbs) birds at 
33d. Furthermore, MBP (1.525) birds had significantly better 
cumulative feed conversion ratio at 33d than CON (1.543) 
birds. No difference (P>0.05) was observed in case of feed 
intake at 33d. In conclusion, the meta-analysis of eight 
independent studies demonstrated that the dual action of 
SCFP and essential oil flavor compounds in MBP help 
promote broiler performance resulting in improved body 
weight (2.52%), and feed conversion ratio (1.7 points) 
compared to CON. 

434P The effect of a yeast-based product on the gut 
microbiota in chickens with necrotic enteritis. Ana 
Fonseca*1, Vinicius Buiatte1, Samantha Seibel21, Mahmoud 
A. Mahmoud3, Alberto Gino Lorenzoni1, Erika Ganda1; 
1Pennsylvania State University, Animal Science, University 
Park, Pennsylvania, United States; 2Pennsylvania State 
University, Huck Institute of Life Sciences, University Park, 
Pennsylvania, United States; Pennsylvania State University, 
Animal Science, University Park, Pennsylvania, United 
States. 

The use of antimicrobial growth promoters (AGP) has 
decreased in chicken production, leading to an increased 
incidence of several bacterial diseases, such as necrotic 
enteritis (NE), an enteric disease caused by Clostridium 
perfringens. Therefore, alternative treatments to AGP are 
needed. Probiotic supplements have shown the potential to 
fill this gap by influencing the birds’ intestinal health. The 
goal of this experiment was to investigate the gut 
microbiome’s response to the addition of a dietary yeast-
based product in chickens undergoing an experimental 
infection of NE. A total of 280 broiler chickens (Ross 308, 
Aviagen) were randomly allocated into 20 floor pens to 
receive one of the following treatments: 1. Uninfected 
chickens fed a basal-diet (control); 2. Uninfected chickens 
fed a basal-diet + yeast (proprietary product); 3. Chickens 
co-infected with E. maxima and C. perfringens fed a basal-
diet; 4. Chickens co-infected with E. maxima and C. 
perfringens fed a basal-diet + yeast (proprietary product). On 
day 21, swab samples from the jejunal luminal content were 
taken from 80 chickens (20 chickens/treatment). The gut 
microbiota was characterized by targeting the V4 region of 
the 16S rRNA, using an Illumina platform. To assess the 

effect of the yeast-based product on broiler chicken 
microbiome, statistical comparisons for alpha diversity 
(ANOVA), and beta diversity (PERMANOVA) were done. 
Differences at P ≤ 0.05 were deemed significant. Overall, 
the most abundant genera were Ligilactobacillus, 
Lactobacillus, and Clostridium. The NE model significantly 
changed the microbial composition between samples from 
uninfected chickens and infected chickens 
(PERMANOVA, P = 0.01). A significant effect was observed 
in beta diversity (PERMANOVA; P = 0.01) of infected 
chickens that did not develop lesions (Score 0) compared to 
uninfected chickens (Score 0). No significant changes were 
observed in the microbial diversity (alpha and beta) among 
the infected chickens with different lesion scores. In 
conclusion, the dietary yeast-based product did not influence 
the gut microbial composition of chickens undergoing an 
experimental infection of NE. However, the infection model 
affected the gut microbial composition, even in chickens that 
did not present intestinal lesions, indicating that profound 
changes in the microbiota are present before the onset of 
macroscopic lesions. 

435P Yeast probiotics improves growth performance of 
performance of Ross 708 broilers subjected to a mild 
gut challenge and grown to 42 days of age. Emily Jiral*1, 
Gregory Archer2; 1Texas A&M University, College Station, 
Texas, United States; 2Texas A&M University, College 
Station, Texas, United States. 

This study evaluated the effects of a yeast probiotic (YPB) 
on the performance of commercial straight run broilers under 
mild stress (diet and coccidia). Three treatments were tested 
with 12 replicate groups, each containing 240, day-of hatch 
Ross 708 straight run broilers. The treatments were: 1) 
Standard broiler diet program and no additional supportive 
gut health feed additives or challenge (NC), 2) Standard 
broiler diet program with 5% DDGS + BMD at 50g/t in all 
dietary phases and a 2x coccidiosis vaccine challenge (PC), 
3) PC diet - BMD + YPB at 375 g/t and 2x coccidiosis vaccine 
challenge. Body weight (BW) and feed consumption (FC) of 
birds from 1 to 42 days of age were measured for each pen 
and mortality corrected feed conversion ratio (FCR) was 
calculated. Data were analyzed using the GLM model on 
Minitab. Fisher’s LSD was used for mean separation. At d42, 
the YPB treatment weighed more (P < 0.05, 3.20 kg) than 
the NC and PC (3.02 kg and 3.18 kg, respectively), however, 
no other differences (P > 0.05) in BW were observed at any 
other time points. The YPB treatment had a lower (P < 0.05) 
FCR than NC starting at d14 and continuing through d42. 
Although, there was no significant differences (P > 0.05) in 
FCR throughout all phases between YPB and PC. In 
conclusion, the yeast probiotic improved performance over 
the non-supplemented NC from starter phase and continued 
through d42. This illustrates that it can improve feed 
efficiency and thereby result in possible economic savings 
even when birds are subjected to a mild challenge. 
Furthermore, YPB birds performed equally or better than the 
antibiotic supplemented birds illustrating that it is an effective 
antibiotic alternative. 

436P The effect of dietary supplementation of a direct-
fed microbial on Pekin Duck overall stress and immune 
cell populations. Jessica Rocha*1, Hector Leyva-Jimenez3, 
Yemi Burden3, Brian P. Dirks3, Gregory Archer2; 1Texas 
A&M University, Poultry Science, College Station, Texas, 
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United States; 2Texas A&M University, Poultry Science, 
College Station, Texas, United States; 3United Animal 
Health, Inc., Research and Development, Sheridan, Indiana, 
United States. 

This study evaluated the effect of supplementing a direct-fed 
microbial (DFM) in the feed on Pekin duck overall stress and 
immune cell populations. A complete randomized design 
was used to distribute 5 dietary treatments, each consisting 
of 10 replicate pens and 25 straight-run day-of-hatch 
ducks/pen. The treatments included a commercial-type 
basal diet (CON), or the basal diet supplemented with 125 
ppm (A-125), 250 ppm (A-250), 500 ppm (A-500), and 750 
ppm (A-750) DFM (Amnil®, United Animal Health, US). The 
trial lasted for 35 d with a 2-phase feeding program (Starter 
0-14 d and Grower 14-35 d). The starter feed was offered as 
crumbles and the grower feed as a pellet. Feed and water 
were offered ad libitum throughout the trial. Following a 35-
day grow-out, blood was collected from 2 ducks/pen. The 
blood was analyzed for total plasma corticosterone 
concentration, heterophil/lymphocyte ratio, and complete 
blood counts. Data were analyzed by one-way ANOVA in 
Minitab. Fisher’s LSD was used for mean separation (P 
< 0.05). No statistical differences were observed in total 
white blood cell counts, eosinophils, basophils, pack cell 
volume, or plasma protein (P > 0.05). There were 
differences (P < 0.05) observed between treatments in 
heterophil and lymphocyte percentages. The CON had lower 
(P < 0.05) lymphocyte counts (33.8%) and higher (P < 0.05) 
heterophil counts (50.6%) compared to all other treatments. 
As a result, the CON also had higher (P < 0.05) 
heterophil/lymphocyte ratios (0.82) than all other treatments 
(avg. 0.47). Similarly, the CON treatment also had higher (P 
< 0.05) total plasma corticosterone concentrations (18,462 
pg/mL) than all other treatments (avg. 9,489 pg/mL). In 
conclusion, DFM supplementation in the feed did not affect 
most parameters of the complete blood cell count but did 
affect two indicators of stress susceptibility. It is possible that 
DFM supplementation improved gut health and thereby led 
to a reduction in the effects of stressors during the grow out. 
These results demonstrate that DFM may be an effective 
means to reduce stress susceptibility and improve duck 
welfare. 

437P Estimative of amino acid complex-zinc 
supplementation in pullets. Gabriela D. Silva2, Carlos B. 
Rabello*1, Marcos J. Santos2, Lilian F. Souza1, Jamille S. 
Wanderley1, Katariny L. Abreu2, Fabiano S. Costa3, Alba K. 
Fireman4, Monique A. Siqueira2, Rafael V. Lima2, Ana C. 
Santos2; 1Universidade Federal Rural de Pernambuco, 
Animal Science, Recife, Pernambuco, Brazil; 2Federal Rural 
University of Pernambuco, Animal Science, Olinda, 
Brazil; 3Federal Rural University of Pernambuco, Veterinary 
Medicine, Recife, Pernambuco, Brazil; 4Zinpro Corporation, 
Eden Prairie, Minnesota, United States. 

This experiment was designed to estimate the supplemental 
intake of zinc amino acid-complexed (Zn-CAA). Three 
hundred and sixty Dekalb White laying pullets, aged 6 to 13 
weeks, were randomly allocated to 36 experimental cages 
with six treatments and six replicates. The treatments 
consisted of isonutritive and isoenergetic experimental diets. 
The summit diet had a Zn content of 75 mg/kg, the low level 
was 5 mg/kg, and the intermediate levels were 15, 25, 35, 
and 55 mg/kg, respectively, obtained by successive dilutions 

of the summit diet with the low-level diet. The trace 
microminerals - copper, manganese, iron, and selenium - 
were in the form of Amino acid-complexed minerals. At the 
end of the 13th week of life, one bird was selected per 
replicate with a final average weight (1116.94 ± 32.92 g/kg) 
for analysis of body retention of Zn-CAA, and another bird 
was selected for the collection and weighing of tibias and 
organs. Bone densitometry was assessed through 
computed tomography using the HiSpeed FXI CT scanner 
equipment (General Electric, Fairfield, CT 06824, USA), and 
a hydroxyapatite calcium phantom was used for bone 
density identification. The Zn-CAA requirement was 
calculated by the equation Y = Rmax*1-e(-bx), where Rmax is 
the maximum response, e is Euler's number, b is the growth 
ratio, and x is the Zn-CAA intake. The estimate of Zn-CAA 
for each variable was calculated by the inversion of the 
model. The data were adjusted by the Nlin procedure (P < 
0.05). There were no significant differences in organ weight 
(P > 0.005). The parameters Rmax and b, respectively, to 
BWG were 12.0191, 25.6703; ADFI 43.3056, 17.6338; and 
3.597, 19.0476 for FCR. The estimates of Zn-AAC intake 
were 117, 624, and 158 mcg/kg/bird/day, respectively. The 
parameters Rmax and b, respectively, for proximal tibia 
densitometry were 819.4, 1211.8; and 1080.36, 85.001 for 
distal tibia densitometry. Applying the inverse model to 
estimate Zn-AAC intake, it was found to be 4 and 50 
mcg/kg/bird/day, respectively. The equation found for Zn 
retention was 12.1113-e(-1.6135x), and the estimate of Zn-AAC 
was 1.86 mg/bird/day. We recommend up to 1.86 
mg/kg/bird/day of Zn-CAA with phytase inclusion (600 FTU) 
to ensure the activity of Zn on the metabolism of laying 
pullets based on the body retention of Zn. 

438P Evaluating the 21-day response of live 
coccidiosis vaccine (LCV) challenged Ross 708 x Ross 
YP male broilers to zoalene (ZOA) or a concentrated 
blend of yeast product containing MOS and a beta 
glucan with Bacillus subtilis (YBG). Dalton Dennehy*1, 
Cade R. Davis1, Theresia Lavergne2, Carl Jones2, Charlie 
Elrod2, Kelley G. Wamsley1; 1Mississippi State University, 
Poultry Science, Mississippi State, Mississippi, United 
States; 2Natural Biologics, Inc., Newfield, New York, United 
States. 

Yeast derived products have been well studied in poultry 
nutrition, particularly as a potential natural alternative to help 
alleviate the negative effects of enteric disease challenges. 
With advancements in technology, new yeast products 
emerge (i.e., YBG), leading to the current objective of 
evaluating the efficacy of YBG inclusion in LCV challenged 
Ross 708 x Ross YP male broilers on d 0-21 performance, d 
21 lesion scores, and d 21 fecal oocyst counts. Four 
treatments (TRT) were tested: a positive control (PC; 
unchallenged, untreated feed), negative control (NC; 
challenged, untreated), ZOA supplemented (challenged, 
0.05% inclusion), and YBG (Provilli-Max; challenged, 
0.025% inclusion). This study was a randomized complete 
block design and birds were raised in floor pens on used litter 
(22 birds/pen; 0.05m2/bird; 12 reps/TRT). The PC was 
administered a 1x dose of LCV by spraying the feed at 
placement. Challenged TRT birds (NC, ZOA, and YBG) were 
given a 10x LCV dose via oral gavage at d 14, while the PC 
was given distilled water. The LCV contained E. acervulina, 
E. tenella, E. mivati, and 2 strains of E. maxima. From d 19-
23, fecal oocyst counts were collected, with replicated data 
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obtained for d 21. Also, at d 21, 1 bird/pen was randomly 
selected for lesion scoring. All data were analyzed using 
SAS 9.4. During the pre-challenge period (d 0-14), PC 
reduced BW and BW gain (BWG) by 32g compared to all 
other TRT (NC, ZOA, and YBG; P<0.0001). Day 0-14 ADFI 
was highest in NC and YBG, with PC having the lowest ADFI 
and ZOA being intermediate (P=0.0226). Day 0-14 FCR was 
lowest in ZOA and reduced by 9 points compared to PC and 
3 points compared to NC, with similar FCR being observed 
in YBG (P<0.0001). Day 21 BW was increased by 43g in NC, 
ZOA, and YBG when compared to PC (P=0.0007). Similarly, 
d 0-21 BWG was improved by 42g in NC, ZOA, and YBG 
compared to PC (P=0.0007). Day 0-21 ADFI was highest in 
NC, ZOA, and YBG when compared to PC (P=0.0153). For 
d 0-21 FCR, ZOA improved FCR by 5 points compared to 
PC and 3 points for NC and YBG (P=0.0004). For d 21 lesion 
scores, significance was only detected for the duodenum, 
wherein PC had an increased percentage of “0” vs. all other 
TRT (P=0.0003). At d 21, fecal oocyst counts were the 
highest for YBG (51138 eggs/g), with NC being intermediate 
(31215 eggs/g), and PC (6740 eggs/g) and ZOA having the 
lowest (12458 eggs/g; P<0.0001). Overall, these data 
suggest that YBG can help mitigate the negative effects on 
performance in birds challenged with a LCV, although fecal 
oocyst counts were not reduced. Future studies should 
consider YBG efficacy using full broiler grow out with 
processing. 

439P Proteomics of enriched mitochondria from 
postmortem meat with woody breast 
myopathy. Byungwhi Kong*1, Walter G. Bottje2, Casey M. 
Owens2, Majid Shakeri1, Janghan Choi1,3, Hong Zhuang1, 
Brian Bowker1; 1USDA-ARS, Athens, Georgia, United 
States; 2University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 3University of 
Georgia, Poultry Science, Athens, Georgia, United States. 

Woody breast (WB) myopathy is a major meat quality defect 
distinguished by increased hardness of raw breast fillets. 
The exact etiologies for WB are still unclear. Mitochondrial 
dysfunctions have been documented previously. In this 
study, we conducted shotgun proteomics with mitochondrial 
fraction enriched from postmortem meat samples. Chicken 
breast fillets were collected at approximately 6 h postmortem 
from a university pilot plant. After determining WB severity, 
protein extractions from WB (n=5) and non-affected control 
samples (n=5) were conducted on enriched mitochondrial 
fraction samples. Shotgun proteomics was conducted by 
Orbitrap Lumos, tandem mass tag (TMT) analysis. Proteins 
were identified using a Scaffold program, and differential 
abundances were calculated by student t-tests. The 
annotations of proteins and pathway analyses were 
performed using Ingenuity Pathway Analysis software. In 
this study, 194 differentially abundant proteins (|fold 
change|>1.5; p value < 0.05) were identified in the 
mitochondrial fractions of WB meat. The significant 
canonical pathways include EIF2 signaling, glycolysis I, 
calcium signaling, and gluconeogenesis. The potential 
upstream regulators include AK1, NR4A1, CNBP, CPT1B, 
and AR and core molecules for causal networks include 
CPT1B, SMTNL1, PPARGC1A, COL6A1, and LIPE. The 
results of this study provide specific insights into a role that 
mitochondria may play in the WB myopathy. 

440P Estimative of amino acid complex-zinc 
supplementation in layer-type chickens. Gabriela D. 
Silva1, Carlos B. Rabello*1, Marcos J. Santos2, Jamille S. 
Wanderley2, Katariny L. Abreu2, Rafael V. Lima2, Monique 
A. Siqueira2, Fabiano S. Costa3, Alba K. Fireman4, Ana C. 
Santos2; 1Universidade Federal Rural de Pernambuco, 
Animal Science, Recife, Pernambuco, Brazil; 2Federal Rural 
University of Pernambuco, Animal Science, Olinda, 
Brazil; 3Federal Rural University of Pernambuco, Veterinary 
Medicine, Recife, Pernambuco, Brazil; 4Zinpro Corporation, 
Eden Prairie, Minnesota, United States. 

This research aimed to estimate the ideal consumption of 
Zinc amino acid-complexed (Zn-CAA) in diets with phytase 
enzyme inclusion for laying-type chicken. A total of 648 
Dekalb White, one day old to 35 days, were distributed into 
36 cages (50x80x50 cm) according to a completely 
randomized design with 6 treatments and 6 replications. The 
summit diet had a Zn content of 78 mg/kg, the low level was 
18 mg/kg, and the intermediate levels were 30, 42, 54, and 
66 mg/kg, respectively, obtained by successive dilutions of 
the summit diet with the low-level diet. The trace 
microminerals - copper, manganese, iron, and selenium - 
were in the form of Amino acid-complexed minerals. At the 
end of the fourth week of life, two pullets with the average 
weight of each experimental plot were selected for 
euthanasia and organ collection (thymus, bursa of Fabricius, 
liver, spleen, pancreas, and intestine), and right and left 
tibias for measurements (weight, length, Seedor index, 
resistance, and bone densitometry of tibias). One bird was 
processed by autoclave and then analyzed by ICP-OES at 
the beginning and end of the experimental period to quantify 
the Zn in the bird's body, followed by the calculation of body 
Zn retention. Bone densitometry was assessed through 
computed tomography using the HiSpeed FXI CT scanner 
equipment (General Electric, Fairfield, CT 06824, USA), and 
a hydroxyapatite calcium phantom was used for bone 
density identification. The Zn-CAA intake was calculated by 
the equation Y = Rmax*1-e(-bx), where Rmax is the maximum 
response, e is Euler's number, b is the growth ratio, and x is 
the Zn-CAA intake. The estimate of Zn-CAA for each 
variable was calculated by the inversion of the model. The 
data were adjusted by the Nlin procedure (P < 0.05). The 
increasing levels of Zn-CAA did not influence (P > 0.05) the 
performance, organ weight, intestine length, and Seedor 
index. The parameters Rmax and b, respectively, to bone 
weight were 3679.9, 209.7; bone resistance: 7.6355, 61.934; 
distal tibia densitometry: 822.24, 19.111; and 8.0883, 
2.7487, for Zn corporal retention. Applying the inverse model 
to estimate Zn-AAC intake were: 0.014, 0.145, 0.157, and 
1.09 mg/kg/bird/day for bone weight and resistance, distal 
densitometry, and Zn corporal retention, respectively. The 
recommended supplementation is 1.09 mg/kg/bird/day of 
Zn-AAC for diets with 600 FTU of Phytase enzyme for the 
best Zn deposition in the body of the birds for better body 
and bone development. 

441P Effect of amino acids deficiency and classical 
conditioning on gene expression of amino acid sensors 
in broiler chickens. Francisca A. Díaz-Avilés1, Anya 
Santana1, Paloma Cordero1, Paulina Torres1, Miguel 
Guzmán21, Sergio A. Guzmán-Pino*1; 1Universidad de 
Chile, Santiago, Metropolitana, Chile; 2Universidad de las 
Américas, Santiago, Chile. 
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Umami taste compounds, such as amino acids, are linked to 
the protein fraction of diets that are perceived through 
different receptors/nutrient sensors in oral and extraoral 
tissues. Low-protein diets could alter the expression of 
genes associated with these amino acid sensors. The 
objective of this study was to evaluate the effect of amino 
acids deficiency and and classical conditioning on gene 
expression of amino acid sensors in different tissues of the 
gastrointestinal tract (GIT) of broiler chickens. A total of 96 
one-day-old male broiler chickens (Ross 308) were tested in 
two equal trials with 48 chickens each. The experimental 
period lasted 42 days. Chickens were randomly assigned to 
a 2x2 factorial design considering two levels of dietary crude 
protein (CP)/essential amino acids balance (HP group, diets 
with optimal CP/amino acid balance; and LP group, diets 
30% below optimal CP/amino acid unbalanced), and two 
levels of classical conditioning procedure (with or without 
conditioning). Conditioning was applied following a 
pavlovian procedure during 8 training days by using yellow 
and green drinkers (conditioned stimulus) associated with 
different solutions diluted in water (carbohydrate or protein 
nature, nutritional unconditioned response). This resulted in 
four experimental groups of birds: HP conditioned (HPC), 
HP unconditioned (HPU), LP conditioned (LPC) and LP 
unconditioned (LPU). A total of 16 broilers of 35 days old 
were randomly selected, four for each experimental group. 
For gene quantification, five GIT samples were collected 
from duodenum, jejunum, ileum, cecum and colon. The 
relative gene abundance of T1R1, T1R3 and GPR92 was 
analyzed by real-time PCR. Samples RNA extraction and 
subsequent procedures were conducted according to 
commercial manufacturer instructions. Data were analyzed 
with ANOVA, considering the dietary amino acids level, the 
conditioning process and their interaction as main factors. A 
higher (p<0.001) T1R1 expression was observed in HPC in 
comparison with LPC chickens. On the contrary, the 
expression of T1R3 showed to be higher (p=0.049) in LPC 
birds as compared to HPC animals. No significant 
differences (p>0.050) among groups were found in GPR92 
expression. It is concluded that the expression of amino acid 
sensors varies with amino acids deficiency. The T1R3 
sensor was more expressed in LPC chickens, suggesting a 
more accurate amino acid chemosensory system in these 
animals. However, the conditioning procedure seemed to be 
unable compensate this different gene expression between 
groups. 

442P Bio-mapping of a commercial poultry hatchery in 
the Southeastern United States. Osman Yasir Koyun*21, 
Adelumola Oladeinde2, Michael J. Rothrock2; 1Oak Ridge 
Institute for Science and Education, Athens, Georgia, United 
States; 2USDA-ARS, USNPRC-EPPSRU, Athens, Georgia, 
United States. 

Poultry hatchery environment has been known to serve as a 
reservoir of pathogenic microorganisms, yet little information 
is available in its comprehensive bacterial composition. A 
commercial poultry hatchery located in the Southeastern 
United States was bio-mapped on two different dates. 
Sponge swabs were used to sample air, water, bait boxes, 
and eggs from pre-hatch (egg inventory, pre in ovo, and 
post in ovo), hatch (chick processing) and post-hatch (chick 
transport) areas of the hatchery. To determine the bacterial 
composition in the samples, DNA was extracted and 16S 
rRNA gene sequencing (using the MiSeq platform) was 

conducted, and the sequence data was analyzed using 
QIIME2 (v2022.2). Statistical analysis was performed using 
R (v.4.0.2). One-way ANOVA with sampling area of the 
hatchery (pre-hatch, hatch, and post-hatch) as a main effect 
was conducted at the phylum, family, and genus levels, with 
significant pairwise comparison being determined using 
Tukey’s Multiple Comparison Method. Results were 
considered significant when p ≤ 0.05. There was a 
significant difference in the alpha diversity of the bacterial 
communities found in pre-hatch, hatch, and post-hatch 
samples. The lowest bacterial diversity and richness was 
detected in post-hatch area while the highest diversity was 
detected in the pre-hatch area with the exception of post in 
ovo samples. Similarly, beta diversity analysis revealed that 
bacterial communities differed (p ≤ 0.05) between the areas 
of the hatchery and the sample types. Members of the 
proteobacterial 
families Enterobacteriaceae, Methylophilaceae, 
and Moraxellaceae were the dominant bacterial taxa 
detected across samples, and their abundance differed (p ≤ 
0.05) between pre-hatch, hatch, and post-hatch areas. In 
general, Enterobacteriaceae abundance was higher (p ≤ 
0.05) in the post-hatch 
area, Methylophilaceae abundance was greater (p ≤ 0.05) in 
the hatch area, and Moraxellaceae abundance was greater 
(p ≤ 0.05) during pre-hatch, specifically in the egg inventory 
area. To determine the differential abundance of certain taxa 
based on hatchery area, Linear discriminant analysis Effect 
Size (LEfSe) was used, and it showed that taxa related 
to Enterobacteriaceae, including sequences identified 
as Salmonella spp., were significantly enriched in post-hatch 
samples (i.e., feces from the pads placed under the chicks 
during transport to grow-out farms). At the genus 
level, Methylotenera and Staphylococcus were the 
dominant bacterial taxa across the hatchery areas. The 
current study can help identify microbially critical areas in a 
hatchery environment and reveal the impact of each 
hatchery area on the microbiological safety of poultry. 

443P Effect of humidity during the hatching phase of 
incubation on broiler chick quality. Chantel Pennicott*1, 
Angela Perretti2, Victor Oyeniran3, Sara Orlowski4, Shawna 
Weimer5; 1University of Arkansas, Poultry Science, 
Farmington, Arkansas, United States; 2University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 3University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 4University of 
Arkansas, Poultry Science, Springdale, Arkansas, United 
States; 5University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States. 

Recent research has increased focus on incubation factors 
that affect embryonic development, health, and welfare of 
chicks. Temperature and humidity are the two most 
influential incubation management factors that are closely 
monitored and can be manipulated. It is known that slight 
changes in incubation temperature can affect chick quality, 
but there has been less research on relative humidity (RH). 
The objective of this study was to determine the effects of 
late-stage incubation humidity on broiler chick quality. A total 
of 450 hatching eggs from a commercial hatchery were 
incubated in a conventional multi-stage incubator from 
embryonic day (ED) 0 to 17. On ED 18, eggs were candled, 
and viable eggs were distributed between 3 commercial 
hatchers set to a constant temperature of 36.7°C and one of 
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3 relative humidity settings: 1) low relative humidity (LRH = 
65%; N = 140), 2) high relative humidity (HRH = 80%; N = 
140) and 3) Control (CRH=65 %; N=115), where they 
remained until hatch pull. The hatch window, starting from 
first chick pull (472 hours) to last chick pull (500 hours), was 
recorded every 4 hours. Temperature (°C) and RH (%) were 
recorded from ED 0-21. Hatchability (%) was recorded and 
chicks were weighed (g) and scored for feathering, navel, 
and leg issues. Data were analyzed using a one-way 
ANOVA to determine the effects of the RH treatments on 
chick quality measures. The average temperature and RH 
from ED 0 to 17 was 38.8°C and 48.6%, respectively. The 
average temperature and RH during the treatment period 
(ED 18 to 21) for each treatment were as follows: LRH 
(39.5°C; 41.6%), HRH (36.9°C; 79.0%) and CRH (37.5°C; 
62.8%). Peak hatch for all treatments was between hatch 
hours 480 and 484, when hatchability for LRH was 67.1%, 
HRH was 58.7%, and CRH was 70.9% of total hatched. 
Chick body weight at-hatch was lower for LRH (38.02g) 
compared to HRH (39.26g) and CRH (39.13g; P<0.05). 
There was no effect of RH on feathering and navel issues 
(unhealed). Leg issues (red or swollen hocks and protruding 
veins) were higher for LRH (47.6%), and HRH (40.32%) 
compared to CRH (25.5%; P<0.05). These results suggest 
that relative humidity during late-stage incubation could 
influence chick quality traits, hatch weight and uniformity, 
which may have a cascade effect on welfare and 
performance later in the growing stages. 

444P Effect of Provia Prime™ supplementation 
methods on intestinal permeability during a coccidia 
challenge in broiler chickens. Saheed o. Osho*1, Kevin 
Bolek1, Kari Saddoris-Clemsons1, Brooke Humphrey2, 
Miriam Garcia1; 1Phibro Animal Health Corporation, 
Corvallis, Oregon, United States; 2Phibro Animal Health, 
Maple Grove, Minnesota, United States. 

Maintaining optimal intestinal health supports its main 
functions and influences overall performance of broiler 
chickens. Provia Prime™ (PP) contains a unique 
combination of four probiotic strains of Bacillus spp selected 
to promote a healthy gut and improve performance. This 
study evaluated the effects of PP supplementation either in 
feed or drinking water on intestinal permeability during a 
coccidia challenge (CC) in broiler chickens. In this 
experiment, 4d old Ross 708 male broiler chicks (n=64) were 
allotted to 1 of 4 treatment groups (8 cages/trt; 2 birds/cage) 
in a randomized complete block design. Treatments 
included: non-challenge negative control (NEG), CC positive 
control (cPOS), CC fed PP (PPF: 500,000 CFU/g of diet), or 
CC provided PP in drinking water (PPW; 300,000 CFU/ml). 
Diets were corn-soybean meal-based in mash form. All birds 
except NEG were orally gavaged on d12 post hatch with 3× 
the recommended coccidia vaccine (25 doses/kg BW; 
Coccivac B52®). Intestinal permeability was assessed by 
orally gavaging birds with 8.4 mg fluorescein isothiocyanate 
conjugated dextran (FD4) per kg BW. Blood samples were 
collected 2h post-FD4 administration and plasma was 
analyzed for FD4. On d5 post-challenge, intestinal 
permeability was measured, excreta samples were collected 
for enumeration of oocysts per gram of excreta (OPG) and 
birds were euthanized for scoring of coccidia-induced 
duodenal lesions. Body weight gain, feed intake, and feed 
conversion ratio were calculated during the challenge 
period. The GLIMMIX procedure of SAS was used to 

analyze the data. On d5 post-challenge, cPOS birds had 
11% reduction (P<0.05) in body weight gain, and a 1.7-fold 
increase (P<0.05) in plasma FD4 when compared to NEG. 
Birds in both PPF and PPW groups showed increased 
(P<0.05) BWG and decreased (P<0.05) OPG, duodenal 
lesions, and plasma FD4 when compared to cPOS birds. 
The method of PP application (diet vs. water), did not impact 
the beneficial effect of supplementing PP. This study 
confirms that PP administered in either the feed or the water, 
promotes a healthy gut and enhances the overall 
performance of broiler chickens during a coccidia challenge. 

445P Intestinal immune cell populations, short-chain 
fatty acids, and microbiome of 10-day-old broilers fed a 
diet supplemented with Lacticaseibacillus casei. June 
Hyeok Yoon*1, In Ho Cho1, Chae Won Lee1, Sang Seok 
Joo2, Myunghoo Kim2, Changsu Kong1,3,4; 1Kyungpook 
National University, Department of Animal Science and 
Biotechnology, Sangju, Korea (the Republic of); 2Pusan 
National University, Department of Animal Science, Miryang, 
Korea (the Republic of); 3Kyungpook National University, 
Department of Animal Science, Sangju, Korea (the Republic 
of); 4Kyungpook National University, Research Institute of 
Horse Industry, Sangju, Korea (the Republic of). 

The objective of the study was to identify the intestinal short-
chain fatty acid and immune cell profiles, along with changes 
in the cecal microbiome of 10-day-old broilers fed a diet 
containing Lacticaseibacillus casei. A total of 120 day-old 
Ross 308 male broilers were assigned to 2 dietary 
treatments with 6 replicates (10 birds/cage) in a randomized 
complete block design using the initial body weight as the 
blocking factor. Two experimental diets were formulated: a 
control diet (corn-soybean meal-based diet) and a diet 
containing 1 g/kg (5 × 108 CFU/kg) of L. casei at the 
expense of cornstarch in the control diet. All birds were 
unchallenged throughout the experiment and fed the 
experimental diets from day 0 to 10. Birds were weighed on 
day 9 to measure growth performance. On day 10, 1 bird of 
median body weight was selected to collect serum, jejunum 
tissues, and cecal digesta for analysis. The immune cell 
populations in jejunal lamina propria were analyzed by flow 
cytometry using fluorescence-activated cell sorting. 
Approximately 0.5g of cecal digesta was used to measure 
the short-chain fatty acids using gas chromatography with 
helium gas as a carrier. Data were tested for normality by 
the Shapiro-Wilk test using the proc UNIVARIATE of SAS. 
Depending on whether the data satisfied normality, a 2-sided 
2-sample t-test and Wilcoxon Rank-Sum test were 
performed using the proc TTEST and NPAR1WAY of SAS, 
respectively. For microbiome analysis, the V3-V4 region of 
16S rRNA genes was targeted. Difference in abundance of 
genus was determined using the DESeq2 function in R. 
Alpha level of 0.05 was used to declare significance. Growth 
performance, serum antioxidant enzyme activities, and 
jejunal morphology of birds fed a diet containing L. casei did 
not differ from the control group. The population of 
CD3+CD4+ T cells in the L. casei-supplemented group was 
increased (P = 0.010); however, the proportion of TCR γδ T 
cells was decreased (P = 0.023) compared to the control 
group. The acetate concentration in the cecal digesta of 
the L. casei-supplemented group was lower (P = 0.022) than 
the control group. The genera Anaerobacterium, Blautia, 
Coprococcus, Gemmiger, Massilimicrobiota, 
Mediterraneibacter, Negativibacillus, Se Illimonas in L. 
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Casei-supplemented group showed increased (P < 0.05) 
relative bacterial abundance compared to the control group. 
The alpha diversity indices of birds fed a diet containing L. 
casei did not different from the control group. In 
conclusion, L. casei supplementation might alter the 
intestinal immune cell populations, short-chain fatty acids, 
and microbiome of broiler chickens. 

446P Evaluation of two natural anti-microbial/ anti-
oxidant systems to control oxidation and prevent 
growth of pathogenic surrogates in comminutated 
poultry treated with high pressure. Amalia Diaz*1, Julie 
Northcutt1, Paul Dawson1, George A. Cavender1; 1Clemson 
University, Food, Nutrition and Packaging Sciences, 
Clemson, South Carolina, United States. 

Comminuted poultry products pose multiple challenges 
regarding shelf stability and safety, many of which stem from 
the peculiarities of the processes involved in making them. 
Grinding increases surface area, while mixing not only 
exposes more of that surface area to air, potentially aiding in 
the formation of oxidative byproducts, it also can distribute 
any localized microbial contaminants, potentially leading to 
shelf life and safety issues for entire batches. Processors 
have, quite expectedly, attempted to mitigate these 
concerns using a variety of techniques. One of the most 
common is the use of "natural" antimicrobials/ antioxidant 
systems (NAAS) like essential oils, buffered vinegar and 
citrus juices. Another option that has seen more limited use 
is High Pressure Processing (HPP). Although it can reduce 
pathogenic and spoilage organisms, HPP can also have 
undesirable effects on the texture, color and oxidation rate, 
making some processors hesitant to adopt it. In order to 
address these issues, we examined the effects of two 
different HPP treatments on ground white-meat chicken with 
or without one of two common NAASes (Buffered 
concentrated vinegar with rosemary essential oil (V+REO) 
and a lemon juice-vinegar blend). Samples were inoculated 
with a non-pathogenic E. coli strain and individually 
packaged in polyethylene bags. Refrigerated samples with 
or without antimicrobial additive were then processed at 
pressures of either 300 MPa or 600 MPa each with a three-
minute hold time. Likewise, a control treatment without 
pressure or inoculum was analyzed. Measurements of color 
were taken prior to processing, within 4 hours of processing, 
and after a 24 hour refrigerated storage. 
E.coli and Pseudomonas spp counts were performed at the 
24-hour mark, along with pH, texture profile analysis (TPA) 
of raw samples and TPA and yield of cooked samples. 
Samples were also subjected to a TBARS assay to measure 
primary oxidation. All of the samples treated with 600 MPa 
showed greater than 5 log reductions in E. coli, while non-
HPP samples saw more modest reductions in samples 
which had been treated with antimicrobials. All treatments 
showed an absence of Pseudomonas, proving that the 
interaction of V+REO and HPP present complex bacterial 
inactivation. Higher HPP treatment does result in changes in 
the color of ground chicken, primarily evidenced by an 
increase in whiteness. Meanwhile, samples treated with 600 
MPa showed a remarkable increase in lipid oxidation (21% 
compared to treatments without HPP), but we observed that 
the samples treated with NAASes had lower levels of lipid 
oxidation (in some cases, greater than 6% with respect to 
the control). 

447P Feed additives for heat stress in broiler chickens 
under moderate heat stress with wheat-based 
diets. Lauren C. Dawson1, Stephanie Torrey*1, Leslie 
McKnight1; 1Trouw Nutrition North America, Puslinch, 
Ontario, Canada. 

Due to their high metabolic rates and substantial body heat 
production, broiler chickens are particularly sensitive to 
environmental temperature-related challenges and can 
experience heat stress at ambient temperatures that exceed 
their thermoneutral zone. Heat stress can negatively impact 
broiler productivity via reduced feed intake, reduced body 
weight, poorer feed conversion, decreased meat quality, and 
increased mortality. Nutritional strategies may reduce the 
negative effects of heat stress in broilers. The objective of 
this study was to determine the efficacy of two feed 
additives, a Vitamin E equivalent (Selko® POMix) and 
betaine (Selko TNIBetain), on reducing the effects of a 
moderate, chronic heat stress on broiler chickens. The study 
included 1,632 mixed sex Ross 308 broiler chicks housed in 
48 pens (24 each in two rooms) and fed one of three 
treatments: Control (CON), which was a commercial, 
wheat/corn based, three phase diet with antibiotics; Betaine 
(BET), which was the control treatment plus Betaine 96% at 
1 kg/MT; and POMix × Betaine (POxBET), which was the 
control treatment plus POMix at 1 kg/MT and betaine at 
1kg/MT. Treatments were applied from 0-35 days on a pen 
level, with 16 pens per treatment. Through a combination of 
an artificial heat stress protocol and high external 
temperatures, broiler chickens were exposed to a moderate 
chronic heat stress (mean temperature=31.4°C) for 8 hours 
per day from 21-35 days. Data were analysed with a 
generalized linear mixed model, with treatment as a fixed 
effect and block within room as a random source of variation. 
Cumulative mortality was 3.2%, with no difference among 
treatments (P=0.64). Final BW differed among treatments 
(P<0.001); CON had a lighter final BW (1.94±0.01 kg) than 
BET (1.99±0.01 kg), and both CON and BET had lighter final 
BW than POxBET (2.05±0.01 kg). Feed intake tended to 
differ among treatments (P<0.066), with POxBET (82.3±0.07 
g/bird/d) tending to consume more than CON (79.9±0.07 
g/bird/d). BET was intermediate (81.1±0.07 g/bird/d) and did 
not differ from the other treatments. Feed efficiency did not 
differ among treatments (P=0.17). Feed costs were higher 
(+$0.09/bird) for POxBET than CON (P=0.0065), whereas 
BET was intermediate and not different from the other two. 
Despite the higher feed costs, POxBET resulted in a higher 
(P=0.0029) net profit than either BET (+$0.07/bird) or CON 
(+$0.10/bird). Net profit was higher (+$0.03/kg) for POxBET 
than BET (P=0.011), while CON was intermediate and did 
not differ from the other treatments. Based on results from 
this trial, during times of moderate heat stress, the 
combination of POMix and Betaine increased final body 
weight, cumulative feed intake, and net profitability. 

448P When is a peep a fear peep? Characterization of 
chicken vocalizations during an isolation fear 
test. Jenna M. Schober*1, MacKenzie Ulrey4, Anne Troyer3, 
Karen Christensen2, Jeffrey Lucas4, Gregory S. 
Fraley3; 1Purdue University, Animal Science, Lafayette, 
Indiana, United States; 2Tyson Foods, Office of Animal 
Welfare , Springdale, Arkansas, United States; 3Purdue 
University, Animal Sciences, West Lafayette, Indiana, 
United States; 4Purdue University, Biology, West Lafayette, 
Indiana, United States. 
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The isolation fear test is widely used to determine welfare 
states in poultry. The belief is that if a chicken with negative 
welfare is placed in an isolated environment, the bird will 
vocalize for a longer period compared to a chicken from a 
positive welfare environment. However, we observed that 
broilers make multiple types of vocalizations during these 
tests. Thus, we set out to characterize the types of 
vocalizations made by 12 broilers when placed in an isolated 
environment. Broiler chicks, raised under brooder conditions 
and fed a standard commercial diet as recommended, were 
individually placed for 2 minutes in an anechoic chamber at 
7, 14, and 21 days old. The anechoic chamber was a 
plywood box raised off the ground with soundproofing foam 
attached to the inside of the chamber to ensure that we 
recorded the purest sound without any unnecessary noise 
from the barn. The lack of both noise and reverberations due 
to the soundproofing foam made the chamber an isolated 
environment. Each bird went through an isolation fear test in 
the chamber. If a bird did not vocalize for the first 20 
seconds, they received a score of 0. If they initially vocalized 
but stopped for 5 seconds, we recorded the duration of the 
initial time vocalizing. A vocal repertoire was determined 
based on identification of unique calls using visual inspection 
of spectrograms generated by Adobe Audition and Praat, 
phonetics software packages. Spectrograms were also used 
to analyze the frequency, amplitude, shape, and number of 
pulses of each vocalization. We identified 24 different 
vocalizations with 3 birds making only 1 type of vocalization 
while 5 birds failed to vocalize for the first 20 seconds. Our 
results showed that there is considerable variation in call 
diversity among chicks, implying a diversity in motivational 
states across individuals. Thus, more analyses should be 
conducted to confirm that the “isolation fear test” is truly a 
test of fear alone. 

449P Vegetable-poultry-crop system vs conventional 
housing: Year 2 broiler performance, bone quality, and 
welfare outcomes in a multi-year study. Kayla Elmore*1, 
Elizabeth A. Bobeck1; 1Iowa State University, Animal 
Science, Ames, Iowa, United States. 

Integrating livestock into cover crop and vegetable rotations 
has been shown to improve soil health and crop diversity 
while also providing high quality feed sources for animal 
consumption. While consumers often associate increased 
welfare with integrated livestock and crop systems, little is 
known regarding changes to performance and welfare when 
implementing poultry into a cover crop-vegetable rotation. 
The study objectives were to compare performance and 
physiological welfare outcomes of Ross 708 broilers raised 
in a pasture vs conventional indoor setting. Two replicates of 
176 Ross 708 broilers were brooded indoors for 14d before 
being randomly assigned to housing treatments, indoor floor 
pens (IN) or outdoor chicken tractors (OUT) for an additional 
5 week grow-out phase. The first replicate of OUT birds were 
raised on 5 ft x 10 ft spinach plots, with the second grown on 
cowpea and teff grass. Performance and welfare measures 
were recorded weekly. At d64, 40 birds per treatment were 
sampled for tibia collection and bone quality analysis using 
Dual-energy X-ray Absorptiometry (DXA, Hologic). 
Statistical analysis was performed using the mixed 
procedure for performance and bone data, and the 
frequency procedure for welfare data, with significance 
denoted at P ≤ 0.05 (SAS version 9.4). Performance 
differences due to housing and group replicate were 

observed across all growing phases. Group 1 OUT birds had 
an increased feed intake by 13.03% during the grower phase 
and 16.56% during the finisher phase, and 13.14% overall 
compared to control IN (P<0.05). Similarly, Group 2 OUT 
birds consumed 20.1% more during the grower phase and 
11.32% during the finisher phase, and 11.8% overall 
(P<0.05). Group 1 OUT birds overall gained 2.80kg on 
average with an overall FCR of 1.94 compared to 2.63kg and 
1.81 for IN birds, but gain and FCR were not statistically 
different. In group 2, IN birds gained 3.29kg overall with an 
FCR of 1.60 and OUT birds gained 3.08kg at finish with 1.93 
FCR, which was significantly worse compared to IN birds 
(P<0.05). No differences were found in bone density or 
quality, walking lameness, footpad dermatitis, or breast 
blister occurrence between IN and OUT birds. Overall, OUT 
birds tended to consume more feed which resulted in a 
poorer FCR compared to IN birds; however, welfare was not 
negatively impacted based on housing style. The overall 
feed cost for IN was $6.37 and $6.55 and OUT was $7.19 
and $7.16 (group 1 and 2, respectively), while the feed 
cost/kg gain was $2.21 and $1.50 for the IN birds and $2.35 
and $2.40 for OUT. Therefore, producers wishing to raise 
birds in outdoors settings may expect to spend more to raise 
these birds and this may be reflected in price per pound at 
market. 

450P Evaluation of the impact of supplementation with 
commercial saponin-rich premixture on vaccination 
against coccidiosis in broilers Hoa Bui*2, Juan Manuel 
Garcia1, Mohamed el amine Benarbia1,2; 1Nor-Feed, 
Beaucouzé, France; 2Nor-Feed, R&D, Beaucouzé, Maine - 
et - Loire, France. 

Vaccination against coccidiosis involves administering a live 
vaccine to chickens to immunize them against the disease. 
Vaccination is a reliable method of preventing coccidiosis. 
However, it requires a trained professional and adequate 
devices to administer it correctly. In addition, the vaccine 
only provides immunity against the strains it contains. 
Finally, it takes several weeks for birds to develop full 
protective immunity against the disease. Therefore, it is 
necessary to protect the birds when immunity is developing 
and or when the vaccine does not contain all the strains 
present in the field. The objective of this study was to 
evaluate the impact of a commercial saponin-rich premixture 
namely Norponin XO2 (NPXO2) on vaccination against 
coccidiosis in chickens.300 one-day-old male Cobb 500 
broilers were divided into 30 experimental units, each 
experimental unit comprising 10 chickens. The chickens 
were randomly divided into 5 groups: 
UUC: Uninfested Untreated control, IUC: infested untreated 
control, VACC: infested and vaccinated group at d1, 
VACC/NPXO: infested, vaccinated, and supplemented with 
NPXO2 from d1 to d42, NPXO: infested, nonvaccinated and 
supplemented with NPXO2 from d1 to d42. Birds were orally 
inoculated on day 14 of age with a 15-fold live strain vaccine. 
Growth performance (live weight, feed intake, and FCR) was 
monitored at d42, 5 birds from each group were randomly 
selected and intestinal samples were taken (jejunum) for 
morphometry. Statistical analyses were performed by 
analysis of variance (ANOVA) using GraphPad software. 
Statistical significance was considered at P < 0.05. The 
experimental infestation design was successful as 
evidenced by the significant reduction in live weight and 
increase in FCR of the chickens in the IUC group compared 
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to the UUC group. all treatments compensated this loss. 
Villus length and surface area were degraded by Eimeria 
spp. infestation. While all treatments except vaccination 
compensated for the loss of villi length, only VACC/NPXO 
and NPXO were able to compensate significantly for villi 
surface area. This study demonstrated that NPXO2 
supplementation is a valid tool to support vaccination 
programs. Furthermore, the results obtained demonstrate 
that NPXO2 supplementation could be a “stand-alone” 
solution for managing coccidiosis. 

451P Efficacy of carbohydrase enzyme (CE) 
supplementation in reduced energy diets on 42 d male 
broiler performance and processing. Jace C. Welborn*1, 
Anna Kathryn Riggs1, Caleb M. Marshall2, Sara Llamas 
Moya3, Tri Duong3, Kyle Smith3, Kelley G. 
Wamsley1; 1Mississippi State University, Poultry Science, 
Mississippi State, Mississippi, United States; 2Mississippi 
State University, Poultry Science, Starkville, Mississippi, 
United States; 3Kerry Taste and Nutrition, Beloit, Wisconsin, 
United States. 

Advances in broiler genetics and increased BW driven by 
consumer demand for cut-up products has led to 
formulations with increased energy densities. That, coupled 
with the expense associated with major energy providing 
ingredients has led to continual advancements in exogenous 
enzyme development. Practical research is needed to verify 
the efficacy of these new enzymes to ensure their full 
potential; thus, the objective of the current study was to 
evaluate the response of birds fed a new generation of 
carbohydrase including beta-mannanase and endo-
glucanase CE (NutriXtend Optim®) supplemented into 
reduced energy diets on growth performance and 
processing. Two all-vegetable diets (corn, soybean meal, 
soybean oil, and corn DDGS) were formulated and batched: 
a positive control (PC; formulated to 95% of breeder 
recommendation) and a negative control (NC; similar to PC, 
less 100 kcal/kg of AME). Then, PC and NC diets were 
blended (30 PC:70 NC) to create the Intermediate NC (INT-
NC; ~less 70 kcal/kg of PC AME). The CE was added to the 
INT-NC and NC at 0. 015%, at the expense of corn. One of 
5 different diets and male, Ross x YP broilers (n=1125) were 
allocated to one of 45 floor pens containing used litter, as a 
randomized complete block design (block by location; 25 
birds/pen). At 14, 28, and 41 d, feed and birds were weighed; 
at 41 d, 5 birds/pen (±100g of the pen mean) were selected 
for processing (d 42). All data were analyzed using JMP 16, 
when P≤0.05, means were separated using Tukey’s HSD. 
No significant live performance differences were observed 
for any metric or phase (P>0.05), except for 14-28 d FCR. 
These data demonstrated that birds fed NC+CE had an ~4-
point reduction in FCR compared to all other diets 
(P=0.0017). Despite few performance effects, carcass 
weights were improved (P=0.0036) for birds fed INT-NC+CE 
and NC+CE when compared to NC, but similar to INT-NC 
and PC birds. Additionally, feeding NC+CE reduced fat pad 
weight (P=0.0003) vs PC fed birds; all other birds were 
similar. While not significant (P=0.0713), birds fed NC+CE 
had the highest numerical breast weight. Overall, these data 
suggest that supplementing CE into AME reduced diets, can 
improve FCR (phase dependent) and some processing 
metrics. Further research should utilize nutrient intake 
response to CE supplementation, as well as ingredient and 

part prices to determine formulation strategies to maximize 
enzyme efficacy and economic return. 

452P Combined use of Propionibacterium 
freudenreichii and Salmonella Typhimurium vaccine 
attenuates colonization and dissemination of emerging 
multidrug-resistant Salmonella in growing turkeys. 
Shijinaraj Manjankattil*1, Grace Dewi1, Claire Peichel1, 
Medora Creek1, Peter Bina1, Kay Lerohl1, Kerem Deniz1, 
Mastura Akhtar1, Robert Porter3, Timothy Johnson2, Sally L. 
Noll1, Anup Kollanoor Johny1; 1University of Minnesota, 
Animal Science, Saint Paul, Minnesota, United 
States; 2University of Minnesota, Veterinary and Biomedical 
Sciences, Saint Paul, Minnesota, United States; 3University 
of Minnesota, Veterinary Population Medicine, Saint Paul, 
Minnesota, United States. 

Emerging serotypes of Salmonella in turkeys significantly 
contribute to food-borne salmonellosis in the United States. 
It is crucial to choose appropriate anti-
Salmonella interventions during the preharvest stages of 
turkey production to improve the microbiological safety of the 
products. The objective of this study was to investigate the 
combination of a dairy-origin probiotic, Propionibacterium 
freudenreichii, and a commercially 
available Salmonella Typhimurium vaccine (AviPro Megan 
Egg) on the cecal colonization and internal organ 
dissemination of multiple serotypes of Salmonella in growing 
turkeys. The study followed a completely randomized design 
with five treatment groups in each experiment: a negative 
non-infected control group (NC), a positive infected control 
group (PC), a probiotic group (PF), a vaccine group (VC), 
and a combination group (PFVC). Thirty, one-day-old turkey 
poults were randomly allocated into 5 groups (n=6). Birds in 
VC and PFVC received the S. Typhimurium vaccine orally 
on day 1 and weeks 3 and 5 of age. In PF and PFVC groups, 
PF was supplemented at 5 log10CFU per mL of drinking 
water from day 1 to week 6. At week 5, all birds except those 
in NC were challenged with 6 log10 CFU 
of Salmonella inoculum containing S. Agona, S. Saintpaul, 
and S. Reading. As per the model, one week after 
inoculation, birds were euthanized, and samples (cecum, 
spleen, liver) were collected for analysis. Cecal samples 
collected in 10 mL PBS were weighed, homogenized, and 
serially diluted. Appropriate dilutions were plated on xylose 
lysine deoxycholate with nalidixic acid (XLD+NA) agar plates 
and incubated at 37oC for 24 hours. Liver and spleen 
samples were enriched in selenite cysteine broth at 37oC for 
24 hours and streaked on XLD+NA plates. The experiment 
was repeated twice, and statistical analysis was done using 
the PROC-ANOVA procedure of SAS. The significance was 
tested at P<0.05, and mean separation was done using 
Tukey’s test. Both interventions and combination treatment 
significantly reduced the colonization of Salmonella in the 
cecum of turkeys. PF and VC reduced Salmonella by 1.4 
and 1.5 log10CFU/g of ceca, respectively, compared to PC 
(P<0.05). PFVC resulted in 2.2 
log10CFU/g Salmonella reduction compared to PC (P<0.05). 
PFVC resulted in 100% Salmonella negative spleen and 
liver samples after enrichment compared to 100% positive 
samples recovered from PC (P<0.05). The results indicate 
that a combination of P. freudenreichii and S. Typhimurium 
vaccine could be adopted to control 
multiple Salmonella serotypes emerging in turkey 
production (MTRPC#2019-02; MDA RARF#FY20/21). 
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453P Freezing and refrigeration decrease 
aerotolerant Campylobacter jejuni counts on chicken 
drumsticks during storage. Diksha Pokhrel*2, Hudson 
Thames2, Li Zhang2, Thu T. Dinh3, Wes Schilling1, Shecoya 
White1, Reshma Ramachandran2, Anuraj T. 
Sukumaran2; 1Mississippi State University, Department of 
Food Science, Nutrition and Health Promotion, Starkville, 
Mississippi, United States; 2Mississippi State University, 
Department of Poultry Science, Mississippi State, 
Mississippi, United States; 3Tyson Foods, Springdale, 
Arkansas, United States. 

Campylobacter jejuni is one of the leading causes of food-
borne human gastroenteric infections and outbreaks in the 
United States. Aerotolerant, as well as cold-tolerant C.jeuni, 
is prevalent in poultry processing and storage conditions, but 
limited data is available on the relationship between the 
aerotolerance of C. jejuni and its cold tolerance. Therefore, 
the effect of aerotolerance and storage days on the survival 
of C. jejuni on broiler drumsticks were evaluated. Two 
separate trials were conducted, one under refrigeration 
(4○C) and the other under freezing (-20○C) conditions. 
Three C. jejuni working culture cocktails, each containing 3 
isolates of either aero-sensitive (AS), intermediate 
aerotolerant (IAT), or hyper aero-tolerant (HAT) category, 
were prepared. Isolates were classified as AS if they failed 
to survive aerobic incubation for 12h, as IAT if they survived 
12h but not 24h, and as HAT if they survived 24 h of aerobic 
incubation. Each drumstick was weighed, inoculated with 0.1 
mL of working culture cocktails (7 Log CFU/mL) by spot 
pipetting across the entire drumstick surface in a whirl-pak 
bag, and stored at the assigned temperature. Uninoculated 
drumsticks were used as controls. Each trial was replicated 
with three independently prepared inocula, and each 
inoculum was applied on three drumsticks. Drumsticks were 
sampled on d 0, 1, 3, 5, and 7 in 4○C trial and on d 0, 3, 7, 
and 14 in -20○C trial. Drumsticks were rinsed with 100 mL of 
buffered peptone water (BPW) for 1 min. Rinsate from each 
treatment was serially diluted and directly plated 
on Campylobacter selective agar plates and incubated 
under microaerophilic conditions for 48 h. The difference in 
Log CFU/g from d 0 was calculated. For each trial, data were 
analyzed as a split-plot design with aerotolerance category 
as a main plot unit and days of storage as a split-plot unit 
using SAS 9.4, and significance was considered at P < 
0.05. C. jejuni was reduced by 0.40 log CFU/g over 7 d in 
refrigeration, irrespective of aerotolerance (P < 0.001). 
Greater reductions were observed in HAT as compared to 
AS and IAT at 0.27, 0.14, and 0.08 log CFU/g, respectively. 
In 14 days, at -20○C, C. jejuni was significantly reduced by 
1.50 log CFU/g regardless of aerotolerance (P < 0.001). 
Reductions among HAT, AS, and IAT categories were1.12, 
0.90, and 0.60 log CFU/g, respectively. These findings 
indicate that both refrigeration and freezing are effective in 
reducing C. jejuni counts with freezing having a more 
pronounced effect. The reduction in C. jejuni count was 
observed in all aerotolerance categories, though HAT strains 
showed a greater reduction in both storage conditions. 

454P The impact of insect-based protein inclusion in 
broiler diets on the quality of broiler breast fillets. Mayra 
Herrera*1, Komala Arsi2, Palmy R. Jesudhasan2, Juan 
Morales Ramos3, Maria G. Rojas3, John W. Boney4, Annie 
M. Donoghue2, Casey M. Owens1; 1University of Arkansas, 
Center of Excellence in Poultry Science, Fayetteville, 

Arkansas, United States; 2USDA-ARS, Poultry Production 
and Product Safety Research, Fayetteville, Arkansas, 
United States; 3USDA-ARS, Biological Control of Pests 
Research, Stoneville, Mississippi, United States; 4Penn 
State University, Animal Science, University Park, 
Pennsylvania, United States. 

This research aims to determine how insect-based protein 
replacement in broiler diets influences poultry meat quality. 
Diets were formulated using a corn/soybean basal diet. 
Insect-based proteins were used at 2.5% of the diet, and 
balance to achieve isocaloric and isonitrogenous diets. 
Broilers were fed a conventional control diet (CONT), a diet 
including adult cricket meal 2.5% (CM), and a diet including 
mealworm larvae powder 2.5 % (MW). Broilers were raised 
in 8 pen replications per treatment using standard growout 
procedures. At 35 d, 12 birds were processed per pen per 
treatment using commercial style in-line processing 
methods. After chilling, carcasses were cut up and part 
yields were calculated. Breast fillets were scored for woody 
breast (WB) and white striping (WS), and remaining quality 
factors were assessed: color (L*, a*, b*), drip loss %, cook 
loss %, and Meullenet Owens Razor shear energy (MORSE, 
N.mm). Data were subjected to analysis of variance with the 
main effect of diet. In this study, feeding CM resulted in 
similar carcass weight than CONT, but both treatments were 
higher than broilers fed MW. There were no differences (P > 
0.05) in breast and wing yields, but broilers fed MW had 
greater (P < 0.05) tender yield than broilers fed CM and both 
MW and CM had greater (P < 0.05) tender yield than CONT. 
Leg yield was greater (P < 0.05) in CM than MW while CONT 
was similar (P > 0.05) to both. Drip loss for fillets from CONT 
and CM was similar (P > 0.05) and were both higher (P < 
0.05) than fillets from broilers fed MW. There was no 
difference (P > 0.05) in L*or b* among treatments, but CONT 
had higher (P < 0.05) a* than CM which was also higher (P < 
0.05) than MW. There was a difference in cook loss where 
CM was higher than CON (P < 0.05), while MW was 
intermediate (similar to CM and CON, P > 0.05). MORSE 
indicated higher (P < 0.05) shear values in MW than the CM 
and CONT which were similar (P > 0.05). Finally, there were 
differences noted in WS; CONT had greater (P < 0.05) WS 
score than MW, while CM was intermediate (similar to CONT 
and MW, P > 0.05). There were no differences (P > 0.05) in 
WB among treatments. Results suggest that feeding insect-
based diets had some impact on meat quality. Feeding 
broilers with CM often resulted in similar quality (and weight) 
than feeding broilers a conventional diet. However, feeding 
broilers with MW as a protein source resulted in more quality 
differences compared to broilers fed a conventional diet. 
Some differences in quality and weights existed between the 
two treatments consisting of insect-based protein. Future 
research should examine the benefit of using insect-based 
protein in broiler diets when grown for longer durations. 

455P Whole genome sequencing of Salmonella 
serovars isolated from organic and non-organic whole 
broiler carcasses on the Eastern Shore of Maryland in 
the USA. Anuradha J. Punchihewage Don*1, Zhao Chen2, 
Jianghong Meng2, Salina Parveen1; 1University of Maryland 
Eastern Shore, Department of Agriculture, Food and 
Resource Sciences, Princess Anne, Maryland, United 
States; 2University of Maryland, Joint Institute for Food 
Safety and Applied Nutrition, & Center for Food Safety and 
Security Systems, College Park, Maryland, United States. 
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Increases in the prevalence of multidrug 
resistance Salmonella isolated from chickens is becoming a 
public health hazard. This study aimed to investigate the 
genomic diversity of the selected Salmonella serovars 
isolated from organic and non-organic chickens using whole-
genome sequencing (WGS). A total of 
94 Salmonella isolates [Infantis (n=71), Enteritidis (n=13), 
Typhimurium (n=10)] recovered from organic and non-
organic retail chickens were subjected to WGS using 
Illumina MiSeq. All Salmonella isolates contained at least 
one antimicrobial resistance (AMR) gene, with aac(6')-
Iaa as the most common AMR gene. All S. Typhimurium 
and S. Enteritidis isolates, and 98.6% of S. Infantis isolates 
possessed aac(6')-Iaa which predicted that those isolates 
were resistant to aminoglycosides. Most isolates harbored 
AMR genes for aminoglycosides (ant(3'')-Ia, aac(3)-
IV, aac(3)-Via, aph(3')-Ia, aac(3)-IV, aph(4)-Ia), 
phenicols (floR), sulfonamides (sul1, sul2), β-lactamase 
inhibitors (blaCTX-M-65) and tetracyclines (tetA, tetC), and 
point mutations in gyrA (D87Y) for 
fluoroquinolone/quinolone resistance regardless of the type 
of chickens, while fosA3 and blaCMY-2 were only present in 
non-organic chicken. Meanwhile, aadA1 was detected only 
in organic chicken. Fisher's exact test indicated a 
significantly higher prevalence of AMR genes 
in Salmonella isolated from organic chickens (p<0.05). 
Among virulence genes, the genes that 
stimulate Salmonella pathogenicity island 1 (SPI1) encoding 
(invA, sipD, prgH), type three secretion system 1 (TTSS-1) 
translocated effectors (sipA, sopB, sopD, sopE2, avrA), 
SPI2 encoding, TTSS-2 translocated effectors (ssaQ, ssaR), 
fimbrial adherence determinants 
(fimC, fimD, fimF, fimH, fimI, csgA, csgB, csgC, csgD, csgE
, csgF, csgG), serum resistance (rck), stress adaptation 
(sodCI) and Mg2+ uptake (mgtB, mgtC) were observed in 
every serovar regardless of the type of chickens. Seven 
plasmids were detected, including IncFIB(pN55391), 
IncFIB(S), Col(BS512), IncFII(S), IncX1, IncC, and ColpVC 
in non-organic chicken, whereas organic chickens only 
carried three plasmids [IncFIB(pN55391), Col(BS512), and 
IncC]. Phylogenetic analysis confirmed 
that Salmonella serovars were closely related based on the 
serovar. These results suggest that the Salmonella isolates 
from organic and non-organic chickens possessed various 
AMR and virulence genes and thus have the potential to 
cause salmonellosis. 

456P Not Presented. 

457P Amendment treated litter impact on commercial 
broiler leg health. Annie Lozano*2, Anh Do4, Monica 
Franco3, Cynthia Lopez3, Cirenio Hisasaga1, Cody 
Schapansky3, Katy Tarrant3; 1University of California, Davis, 
Animal Science, Davis, California, United States; 2Case 
Farms, Canton, Ohio, United States; 3California State 
University, Fresno, Fresno, California, United States; 
4University of Arkansas, Fayetteville, Arkansas, United 
States. 

Litter management is a critical aspect of broiler 
management. Improper management and maintenance can 
lead to an increase in litter moisture content which can 
contribute to an increased disease risk, high ammonia 
levels, and other various welfare issues associated with leg 
health and locomotion. In this study, we evaluated the 

influence of an organic litter amendment used for litter 
management of ammonia on broiler leg health. To do so, a 
16,000 sqft broiler house was divided into a control (CL) and 
an amendment-treated (TR) area using an organic 
amendment following manufacturer’s application 
instructions prior to placement of 7 flocks of fast-growing 
broilers. On d 40 of growout of each flock, 50 male and 50 
female birds from each CL (control) and TR (treatment) 
areas (200 total) were scored on a 3-point scale for gait 
(GS), footpad dermatitis (FPD), hock burn (HB). Data were 
averaged across flocks and evaluated using JMP Pro v.16 
using the Wilcoxon nonparametric test and mean separation 
test. In data combined for all flocks, male and female scores 
for GS, FPD, and HB were not significantly different. Further, 
the GS between CL and TR was not significantly different 
amongst males or amongst females. Significant differences 
were detected in mean FPD scores for males (CL - 0.440 ± 
0.034 CL; TR - 0.303 ± 0.028) and for females at 0.489 ± 
0.034 for CL and 0.334 ± 0.027 for TR (P<0.05). Additionally, 
male CL birds had a higher HB mean at 0.340 ± 0.025 versus 
0.234 ± 0.022 for TR males (P<0.05). The underlying reason 
for the correlation of improved leg health parameters in the 
presence of the litter amendments needs to be determined, 
but initial data indicate the amendment may play an active 
role in reducing welfare concerns in a broiler facility beyond 
ammonia control. 

458P Evaluation of vitamin A recoveries in broiler and 
broiler breeder premixes and finished feeds. Brooke 
Jasek*1, April W. Levy2, Chasity Pender3; 1DSM Nutritional 
Products, Cave Springs, Arkansas, United States; 2DSM 
Nutritional Products, Animal, Nutrition and Health, Ankeny, 
Iowa, United States; 3DSM Nutritional Products, , Manassas, 
Virginia, United States. 

Vitamin A, or retinol, is a fat-soluble vitamin essential for 
growth, immunity, and reproduction in poultry species. 
Therefore, it is critical to ensure adequate levels of vitamin A 
are properly included into poultry diets. Thus, the objective 
of this project was to evaluate variation in vitamin A 
recoveries in a wide range of broiler and broiler breeder 
premixes and finished feeds spanning from January 2022 to 
December 2022. A technical tolerance of 20% is acceptable 
when considering commercial assays; therefore, 80 – 120% 
of the target claim was considered within range. Any values 
reported less than 80% of target claim were considered 
below tolerance range and any values over 120% of target 
claim were considered above tolerance range. The first 
portion of this project aimed to evaluate recoveries of vitamin 
A in 30 vitamin premixes using the reverse phase HPLC 
method. The average recovery of premixes (tested value 
divided by claim value) 107.67% (SD=28.79; CV=26.74). Of 
the 30 samples, 10% samples were reported below 
tolerance (<80%), 56.67% of samples were reported in 
acceptable range (80 – 120%), and 33.33% samples were 
reported above tolerance (>120%). The second aim portion 
of this project was to evaluate a total of 154 finished feeds 
using the UPC method of analysis. Of the finished feed 
samples, mash, crumbles, and pellets of broiler and broiler 
breeder feeds were analyzed. The average recovery of all 
finished feeds was 104.4% (SD=50.18; CV=32.58). Making 
up the 154 samples, 23.38% of samples analyzed below 
tolerance (<80%), 54.95% of samples were reported within 
an acceptable range (80 – 120%) and 31.82% of samples 
analyzed above tolerance (>120%). Further considering the 
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concentration of vitamin A in finished feeds, 10,000 IU/kg 
was considered the break point between high and low levels. 
Data were analyzed using Mixed procedure of SAS to 
compare the difference between high and low in recovery. 
At levels less than or equal to 10,000 IU/kg, the average 
percent of claim was 109% (SD=58.6; CV=53.8). At levels 
above 10,000 IU/kg, the average percent of claim was 96% 
(SD=29.3; CV=54.14). No difference was found between the 
two-level groups (P>0.05). In summary, the majority of 
premix and finished feed samples were reported to be 
adequate or above tolerance in recovery. Furthermore, in 
finished feeds, the concentration of vitamin A played a role 
in determining the range of analyzed values; the recovery 
level was similar between high and low concentrations of this 
sample set. In conclusion, there are many factors that 
contribute to variation seen with vitamin A analysis such as 
sample form (vitamin premix or finished feed), concentration, 
feed manufacturing practices, and source of vitamin A. 

459P Determination of sex before hatch using 
electrocardiogram and other incubation 
parameters. Ashley Bigge*1, Sheila Purdum1, Kathryn 
Hanford2; 1University of Nebraska-Lincoln, Animal Science, 
Lincoln, Nebraska, United States; 2University of Nebraska-
Lincoln, Statistics, Lincoln, Nebraska, United States. 

The goal of this study was to determine sex of egg-type 
chicken embryos using electrocardiogram (ECG) with other 
incubation data. Heart rate (HR) and QRS amplitude (QRSa) 
were hypothesized to be lower in females than in males, 
especially shortly after sexual differentiation. This study 
used a total of 300 White Leghorn eggs, 30 per replicate 
(rep), sourced from a local commercial hatchery with an 
average fertility of 96.62%. The eggs were candled to detect 
cracks and weighed prior to setting. The incubator was a 
small, wooden, forced-air cabinet with a target incubation 
temperature and humidity of 37.5C and 58% respectively. 
Eggs were turned every 2.5 hours. Eight eggs per rep were 
randomly selected for attachment of wireless ECG 
telemetry. Each device had two silver spiral wires insulated 
in silicone. Two 1mm holes were drilled in each egg shell, 
but not the shell membranes, approximately 2cm from each 
end. A drop of bacteriostatic conductance gel was placed in 
each hole and the wires were gently pressed between the 
membranes and shell, secured with breathable bandaging. 
Each egg was out of the incubator for a maximum of 10 
minutes. The transmitter body was placed in an adjacent 
incubation tray cup to record proximal temperature. Rep 1-6 
were attached on day 7 of incubation, and rep 7-10 were 
attached on day 5. Continuous ECG data were recorded 15 
minutes per day through incubation day 17. The tray was 
leveled during each data period and the incubator remained 
on. Telemetry devices were detached and eggs were 
candled then transferred to the hatch tray, within the same 
incubator, on day 18 of incubation. Humidity was increased 
to 68% for hatch. Average hatchability was 78.29% for 
telemetry eggs and 78.87% for control eggs. Day-old chicks 
were removed from the incubator, humanely euthanized, 
weighed, and sexed by wing feather inspection and 
necropsy. Chick weight was reported as a percentage of 
total egg weight. There was no difference in weight between 
males and females (p=0.4311), but there was a significant 
effect of rep. Rep 2 was highest at 68.31% of total egg 
weight, and rep 4 was lowest at 63.17% (p=0.0233). ECG 
data are reported for days 6-10 of incubation. QRSa and 

temperature had no significant differences due to sex 
(p=0.8203; p=0.8775). QRSa increased over time in males 
and females, resulting in a significant time effect (p=0.0003), 
but no interaction (p=0.2697). For HR, there were no main 
effects of sex (p=0.6876) or time (p=0.8776). However, a 
significant sex*time interaction existed (p=0.0469). HR of 
females slightly decreased and males increased. This 
interaction shows potential for further research of ECG in 
embryos for sex detection during days 6-10 of incubation. 

460P Evaluation of cedar products against Histomonas 
meleagridis in vitro. Catherine Fudge*1, Hamid Naeini1, 
Woo K. Kim1, Chongxiao Chen1; 1University of Georgia, 
Poultry Science, Athens, Georgia, United States. 

Histomonas meleagridis is the causative agent of 
histomoniasis, which afflicts turkeys with high morbidity and 
mortality and chickens to a lesser extent. The last available 
treatments for histomoniasis were removed from the US 
market in 2016. However, a recent field case report showed 
a positive effect of cedar extracts on histomoniasis in 
turkeys, indicating cedar extracts could be a potential 
alternative for controlling this disease. This study aimed to 
evaluate the effects of products derived from the cedar 
on Histomonas meleagridis proliferation in vitro. Field 
isolated Histomonas meleagridis were recovered, counted, 
and seeded equally into anaerobic culture flasks with 
100,000 cells/flask. Then they were treated with the 
following treatments (3 replicates/treatment) and incubated 
at 40°C. At 48 hours post treatment, the H. meleagridis/flask 
was enumerated using a Neubauer hemocytometer. In 
experiment 1, treatments consisted of culture media (NC), 
culture media with 25 μg/mL dimetridazole (arsenic based 
anti-protozoal drug)[WKK1] (PC), Eastern Red Cedar extract 
at 0.625, 1.25, 2.5, 5, 10, or 20%. In experiment 2, 
treatments consisted of NC, PC, Eastern Red Cedar extract, 
or Western Red Cedar extract at 0.3125, 0.625, 1.25, 2.5, 5, 
or 10 %, respectively. H. meleagridis counts were analyzed 
using JMP Pro 16, differences among treatments were 
analyzed one-way ANOVA, and means were separated by 
Tukey's HSD. For experiment 1, the testing was repeated 
twice. However, there was no consistent response of 
Eastern Red Cedar extract on H. meleagridis. Thus, in 
experiment 2, the Eastern Red Cedar test was repeated, and 
an additional test was performed with Western Red Cedar. 
The results showed Eastern Red Cedar extract did not 
affect H. meleagridis growth (P = 0.1139). However, 
Western Red Cedar extract at 2.5, 5, and 10% reduced H. 
meleagridis counts compared to NC (P < 0.0001). The 
results suggested that Western Red Cedar extract may have 
potential anti-protozoal activity against H. meleagridis. 
However, future studies are needed to understand the 
efficacy and mechanism of Western Red Cedar against H. 
meleagridis, the differences between these two cedar 
products, and their effective chemical compounds. 

461P Identification of a Distinct Metabolite Profile in 
FHN/BCO-affected Bone in Broiler Primary 
Breeders. Alison Ramser*1, Rachel Hawken2, Elizabeth S. 
Greene3, Ron Okimoto2, Brenda Flack2, Courtney J. 
Christopher4, Shawn Campagna5, Sami Dridi6; 1University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 2Cobb-Vantress, , Silaom Springs, Arkansas, United 
States; 3University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 4Univeristy of 
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Tennessee, Department of Chemistry, Knoxville, 
Tennessee, United States; 5University of Tennessee, 
Biological and Small Molecule Mass Spectrometry Core, 
Knoxville, Tennessee, United States; 6University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States. 

In the pursuit of continued improvements in broiler 
performance, an attention to broiler robustness has emerged 
as a necessity in this quest. Femur head necrosis (FHN) and 
its associated lameness has remained a challenge to poultry 
primary breeders and growers alike for decades in terms of 
both performance and animal welfare. The subclinical nature 
of FHN lesions and the necessity for necropsy for a 
confirmed diagnosis has contributed to this challenge. 
Therefore, we have utilized untargeted metabolomics to 
reveal potential non-invasive biomarkers and key causative 
pathways involved in FHN pathology from a single genetic 
line of primary breeders. WE used ultra-performance liquid 
chromatography coupled with high resolution mass 
spectrometry (UPLC–HRMS) followed by multivariate 
analysis and Partial Least Squares Discriminant analysis 
(PLS-DA) scores plot to discern distinct metabolite profiles. 
Using a fold change cut off of -1.5 and 1.5, biologically 
relevant networks and pathways were determined using 
ingenuity pathway analysis (IPA). Among a total of 152 
metabolites, 44 metabolites were identified with mean 
intensity differences at P < 0.05. Notably, 3 significantly 
down-regulated metabolites were found, nicotinamide 
adenine dinucleotide (NAD+), nicotinamide adenine 
dinucleotide phosphate (NADP+), and reduced nicotinamide 
adenine dinucleotide (NADH) (P < 0.05). 41 up-regulated 
metabolites were found in FHN-affected bone, AICAR and 
histamine being highly abundant (P = 0.00014; P = 0.00077, 
respectively). Top canonical pathways included ascorbate 
recycling and purine nucleotides degradation while lipid 
metabolism and cellular growth and proliferation were top 
molecular functions predicted based on the metabolite 
profile in FHN-affected bone. Several upstream and 
downstream complexes were predicted to be involved, 
including AMP-activated protein kinase (AMPK), insulin, 
collagen type IV, mitochondrial complex, c-Jun N-terminal 
kinase (Jnk), extracellular signal-regulated kinase (ERK), 
and 3β-hydroxysteroid dehydrogenase (3β HSD). Indeed, 
qPCR confirmed a significant decreased expression 
of AMPKα2 gene in FHN-affected bone. These results 
establish a shift in energy production and homeostasis within 
FHN-affected bone that has the potential to drive bone cell 
differentiation and overall cellular function to further 
contribute to FHN pathology. 

462P The impact of light flicker and strain on production 
and health of table-egg production pullets reared to 16 
weeks of age. Samantha E. McPhee*1, Tory Shynkaruk2, 
Denise Beaulieu3, Jennifer Brown1, Tina Widowski4, Trever 
Crowe5, Karen Schwean-Lardner6; 1University of 
Saskatchewan, Animal and Poultry Science, Saskatoon, 
Saskatchewan, Canada; 2University of Saskatchewan, 
Animal and Poultry Science, Saskatoon, Saskatchewan, 
Canada; 3University of Saskatchewan, Animal & Poultry 
Science, Saskatoon, Saskatchewan, Canada; 4University of 
Guelph, Animal Biosciences, Guelph, Ontario, 
Canada; 5University of Saskatchewan, Mechanical 
Engineering, Saskatoon, Saskatchewan, Canada; 

6University of Saskatchewan, Animal and Poultry Science, 
Saskatoon, Saskatchewan, Canada. 

Few studies have been conducted on the effect of light flicker 
frequency (F) on poultry. The aim of this study was to 
determine the impact of 3 F (30, 90, or 250 Hz) on the 
production and health of 2 Lohmann strains (S) (Brown-Lite 
(LB) and LSL-Lite (LW)) during the rearing phase. The 
experiment was a 3×2 factorial in a randomized complete 
block (trial as block; n=2) design. Pullets (n=2,688 per S) 
were reared in light tight rooms (6 rooms for the 90 Hz 
treatment and 5 rooms for both the 30 and 250 Hz 
treatments) with 6 floor pens per room (3 pens/S/room). 
Each pen had a perching system, 6 nipple drinkers, and 2 
tube feeders. Pullets were fed commercial diets with ad 
libitum access to feed and water. Pullets were weighed at 0, 
8, and 16 wk (pen basis). At 16 wk, a subsample of 288 
pullets per S per F (n=1,728) were individually weighed to 
assess flock uniformity. Feed was weighed into each pen 
and remaining feed was weighed at 8 and 16 wk. Feed 
disappearance (consumed and wasted feed [kg per pullet 
per day]) was calculated from 0-8, 8-16, and 0-16 wk. Pullets 
were monitored daily and any dead or culled birds were sent 
to an independent pathology laboratory for necropsy. Data 
were analyzed using Proc Mixed (SAS 9.4) with room as the 
replicate unit for F and pen for S. Tukey’s range test was 
used to separate means when differences were significant 
(P≤0.05). At 0 wk, LW chicks were heavier than LB (P<0.01). 
At 8 wk, both S demonstrated reduced BW with increased F, 
with a larger decline for LB pullets (P<0.05). At 16 wk, LB 
pullets again demonstrated reduced BW with increased F, 
but the heaviest LW pullets were reared under 90 Hz 
(P<0.01). Uniformity was unaffected by F, but LW pullets 
were more uniform when the percentage within 5% (P<0.02), 
10% (P<0.01), and 15% (P<0.01) of the flock mean was 
calculated. Feed disappearance (0-8 and 0-16 wk) was 
unaffected by F but a greater disappearance was observed 
from LB compared to LW pullets (P<0.01). During the 8-16 
wk period, there was a F×S interaction where the most feed 
disappeared from LB pullets reared under 30 Hz compared 
to LB reared under 90 or 250 Hz. LW pullets had more 
infectious diagnoses than LB (P<0.01). A F×S interaction for 
overall mortality (P=0.03) showed LW pullets reared under 
30 Hz had higher mortality than LB pullets reared under 30 
and 250 Hz. A F×S interaction was also noted for 
dehydration, where LW pullets reared under 250 Hz had 
higher incidence than LB reared under 30 Hz and 250 Hz 
and LW reared under 30 Hz and 90 Hz. The results of this 
study provide further evidence of S differences between LW 
and LB pullets. Additionally, they suggest that F impacts BW 
at an early age and feed consumption later in the pullet 
stage. 

463P Effect of Diamond V Original XPCTM postbiotic 
on Salmonella Typhimurium colonization and growth 
performance in broilers. Davis A. Fenster*1, W. E. 
Chaney2, Rami A. Dalloul1; 1University of Georgia, Poultry 
Science, Athens, Georgia, United States; 2Cargill, Inc., 
Wayzata, Minnesota, United States. 

Salmonella continues to persist as a major food safety and 
public health concern in the poultry industry, as infected 
flocks can carry it asymptomatically leading to horizontal 
transmission to other birds and contamination of carcasses. 
Control of the pathogen at the flock level may contribute to 
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the reduction of foodborne outbreaks of salmonellosis 
among consumers. Diamond V Original XPC postbiotic 
derived from a Saccharomyces cerevisiae fermentation 
product (XPC) can reduce colonization potential 
of Salmonella enterica in poultry. The objective of this study 
was to determine the effect of dietary Diamond V Original 
XPC postbiotic fed from days 0-42 on growth parameters, 
fecal shedding, and colonization of Salmonella Typhimurium 
(ST) in broilers utilizing a non-traditional, high dose, multi-
exposure ST challenge model. Day (d)-old male Cobb chicks 
(n=96) were individually weighed and separated into two 
groups (n=48/group) based on the diet: the control group 
received a standard corn/soybean meal basal diet, and the 
treatment group was supplemented (0.125%) with XPC. 
Each group had 48 replicate cages (n=1 bird/cage). All birds 
were orally inoculated with ST (strain LNWI-phage type 
DT104) on d 2 with 2×108, on d 9 with 4×108, and on d 16 
with 8×108 CFU/mL per bird. On d 22, the total number of 
birds was reduced from 96 to 64 (n=32/group) based on 
fecal shedding results and body weights. Fecal samples 
were collected from individual birds on d 21, 28, and 35, and 
a section of the distal intestine was collected on d 42 for 
quantitative analysis of ST. Bird and feed weights were 
measured on d 0, 21, and 42 to calculate performance 
parameters. Data were analyzed using ANOVA procedure of 
JMP (Pro 16) and significance (P≤0.05) between groups 
were determined by LSD test. On d 21, the XPC group had 
a significantly higher average body weight compared to the 
control group (P=0.0287). No significant differences 
(P>0.05) were observed for body weight gain, feed intake, 
or feed conversion ratio; however, between d 21 and d 42, 
the XPC group had observed higher mean body weight gains 
and feed intake, and a lower feed conversion ratio. While no 
statistical differences were detected in the colonization of ST 
(P>0.05) in fecal or large intestine samples, the XPC group 
had lower numbers of ST in the fecal samples on d 35 and 
in the large intestine on d 42. Overall, the inclusion of 
Diamond V XPC had a positive effect on the performance of 
broilers and significantly increased average body weight on 
d 21. Moreover, observed microbiological data suggest 
Diamond V original XPC lowers ST colonization potential 
despite the repeated administration of a high-dose direct ST 
challenge. 

464P Time investment of platform enrichments used in 
a commercial broiler house. Brenda Hernandez Tapia*1, 
Monica Franco1, Katy Tarrant1; 1California State University, 
Fresno, Fresno, California, United States. 

Environmental enrichments, such as platforms, are known to 
increase the complexity of a meat-type broiler chicken’s 
environment within a commercial poultry house. Complexity 
promotes the occurrence of naturally occurring behaviors, 
and can be associated with broiler wellbeing. While 
utilization of platform enrichments appears to be an easily 
accomplished task, many factors in implementation, cost, 
and training are overlooked. A standard commercial sized 
broiler house would utilize 24-40 platforms to enrich the 
bird’s environment. Incorporating this number of platforms 
comes at an expense of construction materials and 
management protocols. In addition to the noted increased 
costs associated with these platforms, we hypothesize that 
there will be a time investment increase when managing the 
house on a daily basis when enrichments are present. In this 
study, we timed the duration of daily walk throughs of an 

~70ft length of house with and without the inclusion of three 
platform enrichments. Timed walks were measured twice 
daily for 42 days over three flocks. Seconds to complete walk 
throughs in control and platform areas were averaged by 
week and compared with a Student’s t-test in JMP v.16. For 
each week in the growout process, the mean time to traverse 
the platform area was higher than that of the control area, 
although only week 1 was significant (33.6 ± 1.26 vs 41 ± 
2.93; P = 0.02). Overall data indicates that the time to walk 
through the platform area took 4.33 minutes more than the 
control area. This information is useful in determining best 
practices and considerations to make when moving forward 
with integrating platforms into broiler houses. 

465P Evaluating microbiome patterns of re-used litter 
in a commercial broiler barn. Anh Dang Trieu Do*4, Annie 
Lozano5, Monica Franco2, Cynthia Lopez2, Cirenio 
Hisasaga1, Rodrigo Lopez2, Ruel Celeste2, Tricia Van Laar3, 
Katy Tarrant2; 1University of California, Davis, Animal 
Science, Davis, California, United States; 2California State 
University, Fresno, California, United States; 3California 
State University, Stanislaus, Turlock, California, United 
States; 4University of Arkansas, Fayetteville, Arkansas, 
United States; 5Case Foods, Canton, Ohio, United States 

Poultry litter is an essential component of broiler production 
but can accumulate ammonia gases and high bacterial 
loads. Litter amendments are commonly used to mitigate 
ammonia levels, but may be impacting the bird microbiome 
as well. The goal of our study is to characterize the effect of 
a litter amendment on the gastrointestinal tract of the birds. 
To assess poultry health when amendments are used in an 
industry-replicated environment we evaluated a 16,000 sqft 
commercial broiler facility. In Y1, fresh rice hull litter was 
added to the barn and the litter amendment was added per 
manufacturer's instruction prior to the placement of each 
flock to the same half of the barn designated as the 
treatment area (TRT). The control (CON) area did not have 
an amendment applied. Bird and equipment movement was 
restricted between the areas. Between years, the litter was 
replaced and CON and TRT areas were switched. Cecal 
contents from 6 TRT and CON birds was aseptically 
collected from five flocks each in two consecutive years. We 
used QIIME2 v2022.2 to import our paired-end, 
demultiplexed sequences and then used the DADA2 plugin 
to denoise the sequences and to remove phiX and chimeric 
sequences. The first 10bp from the 5’ end of each read were 
trimmed and truncated the reads at 200bp based on quality 
plots. Taxonomy was assigned using the pre-trained full-
length Greengenes classifier. We imported QIIME2 artifacts 
into R using the package qiime2R for further analysis in 
phyloseq v1.40.0. Using phyloseq, we removed rare taxa 
(relative abundance < 0.005%). R packages vegan v2.6-2 
and microbiome v1.18.0 were used for statistical analysis. 
Approximately 90% of the ASVs were found in < 10% of our 
samples. The most abundant phyla were Bacteroidetes (B), 
Firmicutes (F), OD1, Proteobacteria, and Tenericutes. When 
we grouped by treatment condition, we found 10 unique 
ASVs in the CON group and 1 ASV in the CON and TRT 
groups that were shared among at least 25% of the 
individuals in their respective groups. The TRT group did not 
have an ASV shared in at least 25% of individuals. When 
data from both years of the experiment were combined, we 
saw no significant differences between treated and control 
birds. However, we did see significant differences between 
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year 1 and year 2, with the year 2 flocks being significantly 
more diverse (Observed ASVs P=0.025; Shannon 
Index P<0.001; Simpson Index P<0.001). Interestingly, F 
had lower phylum abundance in TRT vs CON (22.28% vs 
29.15% respectively). Further, F/B ratios were lower in the 
TRT vs. CON which is a trend known to be associated with 
heavier birds. These results indicate that litter amendments 
are impacting microbiomes, in addition to mitigating potential 
air quality issues. 

466P Greater numbers and sizes of muscle bundles in 
the breast and leg muscles of broiler compared to layer 
chickens. Boin Lee*12, Donghwan Kim3, Joonbum Lee3, 
Michael D. Cressman3, Young Min Choi1, Kichoon 
Lee3; 1Kyungpook National University, Sangju-si, 
Gyeongsangbuk-do, Korea (the Republic of); 2The Ohio 
State University, Columbus, Ohio, United States; 3The Ohio 
State University, Animal Sciences, Columbus, Ohio, United 
States. 

Intensive selection over the years for growth rate and meat 
yield has resulted in more myofibers and larger sizes of 
myofibers in meat-type (broiler) chickens when compared to 
egg-type (layer) chickens. Although muscle bundle size and 
number are important parameters contributing to muscle 
growth and meat quality in animals, these factors have not 
been studied in poultry. Pectoralis 
major and gastrocnemius muscles (PM and GM, 
respectively) from male broiler and layer chickens were 
sampled at 49 days of age. Histological characteristics of 
these muscles were analyzed using hematoxylin and eosin 
staining. Expectedly, day 49 broiler body weights were 8-fold 
heavier than those of layer chickens (P < 0.001), and 
weights of PM and GM were also significantly heavier in 
broilers (26- and 8.3-fold, respectively, P < 0.001). Within 
the PM, broilers exhibited more myofibers and greater 
myofiber cross-sectional area (CSA) than layers (3.3- and 
3.3-fold, respectively, P < 0.01). In addition, the total number 
and CSA of muscle bundles were approximately 1.5 and 6.6 
times greater, respectively, in broilers compared to those in 
layers (P < 0.05). Moreover, the number of myofibers per 
bundle was 2 times greater in broilers than layers (P < 
0.001). Within the GM, myofiber number and CSA were 2.3- 
and 2.4-fold greater, respectively, in broilers than layers (P < 
0.001). In addition, the total number of muscle bundles and 
bundle CSA were 2.5- and 2.1-fold greater, respectively, in 
broilers than those observed in the layers (P < 0.001). 
However, myofiber number per bundle in the GM did not 
differ between the two breeds (P > 0.05). The current study 
provides novel findings, demonstrating that both increased 
numbers and sizes of muscle bundles are likely main 
characteristics of larger and heavier muscles in broilers 
compared to layer chickens. This information should be 
investigated further to expand its possible implications on 
the understanding of commercial poultry muscle growth, as 
well as meat yield and quality. 

467P Understanding consumers' perspectives on 
poultry production: Insights to guide sustainable 
practices for producers Grace Dewi*1, Chery Smith3, 
Wayne Martin2, Anup Kollanoor Johny1; 1University of 
Minnesota, Animal Science, Saint Paul, Minnesota, United 
States; 2University of Minnesota, Extension, Saint Paul, 
Minnesota, United States; 3University of Minnesota, Food 
Science and Nutrition, Saint Paul, Minnesota, United States. 

The study aimed to gain comprehensive insights into 
consumers' attitudes toward poultry consumption and 
perceptions of modern poultry production methods. Through 
exploration of their perspectives, this study seeks to offer 
valuable insights that help poultry producers understand the 
priorities of the target market and make informed decisions 
about adopting practices to increase the sustainability of 
their operations. Focus groups (n=8) were conducted with 
54 multicultural participants who consume chicken and 
reside in Minnesota. Each two-hour session was recorded, 
transcribed verbatim, and independently coded by two 
researchers who reconciled coding differences. The 
participants' average age was 41 years old, with the majority 
identifying as White (31%), followed by Asian (30%), Native 
American (24%), Hispanic (7%), and Black (7%). Perceived 
health benefits (70%), personal preference (67%), and cost 
(54%) were reported as the primary determinants for food 
purchases. They purchased poultry products mainly from the 
grocery (76%) and large retail stores (57%). The major 
themes that emerged from the discussions include (1) 
purchasing and consumption habits, (2) concerns regarding 
production methods, (3) the impact of social, religious, and 
cultural factors, (4) familiarity with poultry farming practices, 
and (5) the importance of educating consumers. The study 
revealed that convenience, affordability, and health benefits 
are positive drivers of poultry consumption. While 
participants exhibited a greater preference for the flavor and 
taste of dark meat, they chose breast meat for its 
convenience, ease of preparation, and perceived health 
benefits. Results also implied that concern for human health 
tends to take precedence over ethical claims associated with 
animal welfare. Furthermore, misconceptions emerging from 
skepticism and unfamiliarity with regulations and the labeling 
of poultry products may be deterrents to the acceptability of 
higher costs. Many participants acknowledged knowledge 
gaps and sought science-based information from reliable 
authorities. They conveyed the necessity of outreach and 
education for consumers in more engaging and accessible 
forms of communication. The well-established reputation of 
poultry as a healthy, convenient, and affordable source of 
protein is the main driver for its consumption. Learning the 
attributes they deem significant and underlying motivations 
or obstacles to consumption can be beneficial in developing 
effective strategies to promote the adoption of sustainable 
practices. Efforts to increase knowledge of the sustainability 
of poultry production could be valuable in swaying consumer 
acceptance and willingness to offset higher costs. (USDA 
SAS #2020-69012-31823). 

468P The effects of environmental enrichments on the 
behavior profile and mating activity in broiler 
breeders. Camille Evans*1, Luis P. Avila1, Micayla Moffitt1, 
Jeanna Wilson1, Prafulla Regmi1; 1University of Georgia, 
Poultry Science, Athens, Georgia, United States. 

To maintain optimum egg production throughout the laying 
period, broiler breeders are placed under restricted feeding 
programs which can lead to abnormal behavior and negative 
welfare consequences. Examples include alteration in 
frequency and duration of maintenance and comfort 
behaviors, increased incidences of stereotypic pecking, and 
aggression. Forceful and aggressive mating has also been 
noted from males towards females resulting in injuries and 
avoidance in females. The addition of enrichments to the 
environment may improve welfare and mating behavior. This 
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study was aimed at assessing the effectiveness of 
environmental enrichments on reducing abnormal behaviors 
and improving mating behavior in broiler breeders. A total of 
704 Aviagen Ross 708 pullets were moved from a rearing 
facility to a laying facility at wk 21 with 44 pullets/pen, 16 
pens. Pullets were previously reared under either a skip-a-
day (SAD) or every day (ED) feeding program with or without 
access to added enrichments. At wk 23, roosters were 
introduced, and enrichments were added to selected pens. 
Environmental enrichment included 1 PVC perch and 4 
strings per pen. Final treatments were S/N/N (SAD reared, 
no enrichment during rearing and lay), S/E/N (SAD reared, 
enriched during rearing, no enrichment during lay), S/E/E 
(SAD reared, enriched during rearing and lay), or ED/N/N 
(ED reared, no enrichment during rearing and lay) (n=4 
pens/treatment). Pen behavior was assessed at wk 25 and 
35 using scan sampling for three 1-h periods (every 15 min 
per h), one day per wk with 2 pens from each treatment 
(n=30 sampling points/treatment/day). Mating behavior was 
assessed from 1800 to 2100 h from one day at wk 30. Mating 
behavior was categorized as successful, unsuccessful due 
to the male, and unsuccessful due to the female. Data were 
analyzed using 3-way ANOVA and Kruskal-Wallis test in 
SAS v 9.4 and P≤0.05 was considered significant. The birds 
in S/N/N pens had more unsuccessful mating due to the 
male than birds in S/E/E (31.3% vs 8.7%, P=0.02). Birds 
from S/E/N performed less foraging when compared to the 
ED/N/N and S/N/N treatments at wk 35 (P<0.05). The 
frequency of feather licking behavior decreased with age (25 
to 35 wk) in all treatments. Birds that were provided with no 
enrichments during the rearing or laying period (S/N/N) had 
the lowest frequency of feather licking at 25 wk (P<0.05). 
However, birds reared under the S/E/N regime had the 
highest frequency of feather licking at 35 wk (vs ED/N/N and 
S/N/N, P<0.05). The results indicate that addition of 
environmental enrichment can positively impact mating 
behaviors. Additionally, denying environmental enrichments 
to previously enriched birds may increase abnormal 
behavior. 

469P Impact of phytase supplementation on meat 
quality of heat-stressed broilers. Elizabeth S. Greene*1, 
Clay J. Maynard2, Craig W. Maynard31, Garrett Mullenix4, 
Alison Ramser5, Mike Bedford7, Sami Dridi6; 1University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 2University of Arkansas, Fayetteville, Arkansas, 
United States; 3Bell & Evans, Fredericksburg, Pennsylvania, 
United States; 4University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 5University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 6University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States; 7AB Vista, Wiltshire, 
United Kingdom. 

Heat stress (HS) is one of the most challenging stressors to 
poultry production sustainability. The adverse effects of HS 
range from feed intake and growth depression to alteration 
of meat quality and safety. There is, therefore, a critical need 
to develop strategies to mitigate these negative effects. As 
phytase supplementation is known to improve nutrient 
utilization and growth, we carried out the present study to 
evaluate the effects of dietary phytase on growth and meat 
quality parameters in heat-stressed broilers. 
720 day of hatch Cobb 500 chicks were assigned to 24 pens 
within controlled environmental chambers and fed 1 of 3 

diets: Negative Control (NC), Positive Control (PC), or NC 
diet supplemented with 2,000 phytase units (FTU/kg) of 
quantum blue (QB). At day 29, birds were exposed to two 
environmental conditions: thermoneutral (25°C) or cyclic 
heat stress (HS, 35°C, 8h/d from 8:30 am to 4:30 pm) in a 
3x2 factorial design (n=4 pens per diet/temp combination). 
Feed intake (FI), water consumption (WC), body weight, and 
mortality were recorded. At day 42, birds were processed, 
carcass parts weighed, and meat quality assessed. Breast 
tissue was collected for determination of expression of target 
genes by real-time quantitative PCR using the 2-ΔΔCt method. 
All data were analyzed by 2-way ANOVA, with diet and 
environment as factors. When ANOVA revealed significant 
effects, means were compared by Tukey’s multiple 
comparison test and considered significant at P<0.05. 
HS increased core body temperature (0.5-1°C), reduced FI 
and body weight (P<0.01), increased WC (P<0.05), elevated 
blood parameters (pH, sO2, and iCa; P<0.05), and 
decreased blood pCO2 (P<0.05). HS reduced the incidence 
of woody breast (WB) and white striping (WS), and 
significantly decreased drip loss and increased postmortem 
pH (P<0.05). QB supplementation reduced birds core body 
temperature-induced by HS by ~0.4°C, and improved FCR 
and water conversion ratio (WCR) by 1- and 0.5-point, 
respectively, compared to PC under HS. QB increased blood 
sO2 and reduced the severity of WB (-5%) and WS (-3%) 
under TN conditions, but increased them under HS (+4%). 
These effects were likely mediated through the modulation 
of monocarboxylate transporter 1, heat shock protein 70, 
mitogen-activated protein kinase, and/or glutathione 
peroxidase 1 gene expression in the breast muscle, however 
further mechanistic studies are warranted. 
In summary, QB supplementation improved growth 
performance and reduced muscle myopathy incidence 
under TN conditions. Under HS conditions, QB improved 
growth performance but increased the incidence of muscle 
myopathies; therefore, further QB titration studies are 
needed. 

470P Correlations between chemical composition and 
in vivo AMEn and ileal digestibility of amino acids of 
soybean meals of different origins in broilers. L. 
Aguirre*1, R Sánchez de Rivera1, G. Fondevila1, L. Cámara1, 
Gonzalo Mateos1; 1Universidad Politécnica de Madrid, 
Madrid, Spain. 

The objective of this research was to study the correlations 
among the chemical composition, protein quality, and AMEn 
content and standardized ileal digestibility (SID) of CP and 
amino acids (AA) determined in vivo in 21-d old broilers of 
soybean meal (SBM) samples from Argentina, Brazil, and 
USA. The samples (n= 9 per country) were collected at 
random in Europe and analyzed for main components (CP, 
AA, ether extract, fiber fraction, sucrose, stachyose, 
raffinose, and minerals), protein quality indicators [(urease 
activity, KOH solubility, protein dispersibility index, trypsin 
inhibitor activity (TIA)], and reactive Lys, using the 
homoarginine and furosine procedures. In addition, protein 
digestibility was determined in vitro, using 3 published 
methodologies based on pepsin and pancreatin. Broilers 
received a commercial corn-SBM diet in mash form from 0 
to 16 d of age followed by the experimental diets which 
resulted from the combination of 53% of a N-free diet and 
47% of the SBM tested, as the unique source of N. Each of 
the 27 SBM samples was replicated 6 times and the 



 

2023 PSA Annual Meeting Abstracts 211 
 

experimental unit was a cage with 8 broilers. Data were 
analyzed as a completely randomized design with origin of 
the SBM as main effect. The Pearson correlation coefficient 
(r) among the key variables studied, was determined using 
the CORR procedure of SAS. Numerous correlations 
between in vivo data and chemical composition of the SBM 
were detected and therefore, only those most relevant for 
the industry are discussed. Independent of the origin of 
beans, the AMEn contents of the SBM were positively 
correlated with the SID of CP (r = 0.523; P < 0.01), Lys (r = 
0.492; P < 0.01), and the sum of five (Lys, Met, Cys, Thr, 
and Trp) key AA (r = 0.543; P < 0.01). Also, positive 
correlations between AMEn and reactive Lys (% Lys) 
determined by the homoarginine procedure (r = 0.526; P < 
0.01), and between the SID of CP and key main protein 
quality indicators [PDI (r = 0.403; P < 0.05), TIA (r = 
0.360; P < 0.10), and KOH (r = 0.324; P < 0.10)] were 
observed. Also, significant correlations between the SID of 
CP and Lys and reactive Lys (% Lys) of the SBM using the 
homoarginine procedure, were detected (r = 0.553 and 
0.599; P < 0.01). However, no significant correlations 
between in vivo SID and in vitro CP digestibility were 
observed. In summary, significant correlations among the 
AMEn and ileal digestibility of CP and quality traits of the 
protein fraction of commercial SBM were found. A better 
understanding of the existing correlations between AMEn 
content, protein ileal digestibility, and chemical analyses of 
commercial SBM, might help to improve the estimated 
nutritive value and use of this ingredient in feed formulation. 

471P Evaluation of protease plus a precision-biotic on 
body weight gain and feed conversion ratio in broilers 
from 0 to 42 days of age. Anh Dang Trieu Do*1,3, Andi 
Asnayanti1,3,6, Khawla Alharbi1,3, Ruvindu Perera1,3, Layla 
Al-Mitib2,3, Aishat Lawal2,3, Wesley Vaught1,3, Ashley Ault1,3, 
Abigail Fanous1,3, Hannah McCarver1,3, Samuel J. Rochell4, 
Shelby P. Corray5, Adnan A. Alrubaye1,2,3; 1University of 
Arkansas, Poultry Science, Fayetteville, Arkansas, United 
States; 2University of Arkansas, Biological Sciences, 
Fayetteville, Arkansas, United States; 3University of 
Arkansas, Cell and Molecular Biology, Fayetteville, 
Arkansas, United States; 4Auburn University, Poultry 
Science, Auburn, Alabama, United States; 5DSM Nutritional 
Products, Parsippany, New Jersey, United States; 6National 
Agency of Drug and Food Control, Jakarta, Indonesia. 

As poultry production continues to play a major role in 
domestic livestock protein production, producers are 
constantly pushed toward improving efficiency in the face of 
challenges pertaining to economic downturns and infectious 
diseases. Feed additives, which are intended to improve 
animal health and performance, as well as production 
sustainability, have thus become an increasingly popular 
choice for operation-conscious poultry producers. This study 
aims to evaluate a protease combination with a precision-
biotic on body weight gain (BWG) and feed conversion ratio 
(FCR) of broilers from day 0-42. One thousand (1,000) Cobb 
500 male chicks were reared on five treatment diets, 
including an unrestricted positive control (PC – Diet 1) and a 
negative control (NC – Diet 2) with reduced CP (5% 
reduced) and digestible amino acids (Lys, Thr, Met, TSAA, 
Arg, Ile, Leu. Val, Trp). Three treatment diets (Diets 3 – 5) 
were formulated using the negative control and varying 
concentrations of a protease (ProAct 360™) and a precision 
biotic (Symphiome™) (33ppm + 700ppm; 50ppm + 500ppm; 

and 50ppm + 700ppm, respectively). All initial and interim 
animal and feed weights between starter phase (d0-d14), 
grower phase (d15-d29), and finisher phase (d30-d42) were 
recorded and calculated. ANOVA was conducted on 
calculated BWG and FCR in all production phases. The PC 
treatment showed significantly different BWG and FCR 
compared to all other treatments (P < 0.05). There are no 
significant differences in non-PC treatments in all production 
phases (starter P = 0.13 and 0.22; grower P = 0.12 and 
0.15; finisher P = 0.26 and 0.91; overall P = 0.06 and 0.90, 
respectively) for BWG or FCR. Additionally, recorded 
mortality in treatments remained low throughout the study 
and showed no significant differences between treatments 
in all production phases (grower P = 0.17; finisher P = 0.17; 
overall P = 0.16, respectively). The findings presented may 
provide valuable information to producers seeking to 
optimize flock performance efficiently and cost-effectively. 
Future studies of similar feed additives and their 
combinations may benefit from a closer examination of the 
differences in digestibility levels to further elucidate an 
understanding of their interactions. 

472P Effect of hemp bedding or pine shavings as 
bedding material on broiler growth 
performance. Rachael Baker1, Angela Scott1, Tatijana M. 
Fisher*1; 1Lincoln University of Missouri, Agriculture and 
Environmental Sciences, Jefferson City, Missouri, United 
States. 

Most poultry are grown on dirt or concrete floors with some 
type of bedding (aka litter) material. In the United States, the 
most common bedding material is pine shavings. However, 
other dry, absorbent, organic materials are used as 
alternatives depending on local availability and cost. An 
alternative bedding material that warrants evaluation is 
hemp bedding. Hemp (Cannabis sativa) is primarily 
cultivated for its fiber or seeds, and the leftover stalk or 
“hurd” of the plant is considered a waste product. However, 
the hemp hurd can be mulched down to create a soft, 
absorbent material with a straw-like texture that may be 
suitable as a bedding material. Hemp byproducts have been 
studied as potential feed additives for poultry, but no studies 
have been published evaluating hemp bedding for poultry. 
The objective of this study was to evaluate the impact of 
hemp bedding or pine shavings as bedding material on the 
growth performance of broiler chicks. Ninety 1-day-old 
straight-run Ross 308 chicks were obtained from a 
commercial hatchery. Ten chicks were randomly placed into 
each of eight pens which provided 0.12 square meters per 
bird. Pens were bedded with either hemp bedding or pine 
shavings with four replications per bedding material. Extra 
chicks were used to replace mortalities and maintain 
stocking density. Throughout the study, all chicks were 
provided ad libitum access to a complete chick starter feed 
(19% CP) and water. Body weights of all chicks were 
recorded weekly. Feed consumption and mortality were 
recorded daily. Feed conversion was calculated weekly. 
Broilers were processed at 41 days of age. Statistical 
analyses used t-tests with a significance threshold of p<0.05. 
No difference in mortality was observed. Broilers averaged 
2374 grams at 41 days of age with no significant difference 
among bedding materials (p=0.80). Total feed intake 
averaged 4038 grams per bird with no significant difference 
between bedding materials (p=0.91). Feed conversion ratio 
averaged 1.73 grams feed/gram gain with no significant 



 

2023 PSA Annual Meeting Abstracts 212 
 

difference between bedding materials (p=0.64). These 
results suggest hemp bedding does not negatively impact 
broiler growth performance when compared with pine 
shavings. Therefore, hemp bedding may be a suitable 
alternative litter material for poultry. However, follow-up 
studies are required to evaluate the impact of bedding 
material on litter quality and on animal welfare indicators 
such as foot pad health. Additionally, the type of bedding 
material used is likely to significantly alter the C:N balance 
in the used litter which has clear implications for composting 
and land application. Therefore, additional evaluation of the 
used poultry litter is suggested in future studies. 

473P The effects of broiler breeder fertility on global 
food security. Cara Cash*1, Giri Athrey1; 1Texas A&M 
University, Poultry Science, College Station, Texas, United 
States. 

The objective of this project is to analyze how broiler breeder 
fertility can exacerbate global food insecurity and climate 
emissions. Intense selection for meat production traits in 
chickens has negatively affected other traits such as fertility 
among broiler breeders. Despite the significance of breeder 
fertility for meeting the demand for broilers, little work has 
been done to understand the long term effects of broiler 
breeder fertility on the poultry industry, and for global food 
security and climate equation. Greenhouse gas emissions 
are expected to rise with reduced fertility as it will require a 
greater number of animals to produce the same number of 
broilers for market. The study uses statistical and 
mathematical modeling approaches to understand how 
fertility decline can impact different pre-and post-production 
resource usage, as well as impacts on the cost to the 
consumer and the climate. In our first analyses we used 
fertility data generated by our industry collaborator, we 
modeled the role that low levels of declines in breeder fertility 
can lead to deficits in broiler production, and the impact of 
different offsets to continue meeting consumer demand. We 
used Python and the R statistical platform with open access 
packages to explore these model scenarios and outcomes. 
We first constructed a stock-flow model to determine how 1-
5% decline in breeder fertility can affect broiler production. 
We also used commonly available estimates of feed and 
water usage for breeder populations to model the excess 
feed and greenhouse emissions that would result from trying 
to maintain broiler production numbers. Our preliminary 
results show that the perturbation of fertility causes a domino 
effect on all aspects of production, and without urgent 
improvement of fertility traits, we are likely to suffer 
significant shortfalls in meeting broiler demand. The stock 
flow model created so far shows that with a 1-5% decrease 
in fertility, we can expect to see a dramatic decrease in the 
number of fertile eggs laid and an increase in greenhouse 
gas emissions. Attempts to maintain the same broiler 
production targets in the face of declining fertility would result 
in dangerous increases in land, feed, water usage and GHG 
emissions. 

474P Evaluation of the first biological critical point of 
control in poultry slaughterhouses in Brazil under a 
model of thermotolerant coliforms. Cíntia O. Palhares*1, 
Izaura Domingos do Carmo2; 1Universidade Federal de 
Minas Gerais, Animal Science, Pará de Minas, Minas 
Gerais, Brazil; 2Centro Universitário de Belo Horizonte, 
Medicina Veterinária, Belo Horizonte, Brazil. 

The first biological Critical Control Point (CCP) in Brazilian 
poultry slaughterhouses were, until 2021, established in a 
generic model for the Hazard Analysis and Critical Control 
Points (HACCP) program by the Ministry of Agriculture, 
Livestock and Supply. Guided by this official model the 
control measure used to reduce the biological hazard after 
the eviceration step is based on two possible treatments: 
trimming visibly contaminated parts or washing the 
carcasses with water under pressure. According to the 
Codex Alimentarius a CCP is a step at which control can be 
applied and is essential to prevent, eliminate or reduce a 
food safety hazard to an acceptable level. A study was 
conducted in a poultry slaughterhouse in Minas Gerais, 
Brazil, to determine the efficacy of both treatments in 
reducing thermotolerant Coliforms to an acceptable level 
provided by Brazilian legislation. Samples of carcasses with 
visible contamination were collected during 15 days of 
slaughter. The carcasses were identified with a seal and 
submitted to one of the procedures for removing visible 
contamination, resulting in 30 carcasses collected after 
manual trimming (RCT) and 30 after removal of 
contamination with water under pressure (RCWP). The 
pressure washing system consisting of a washing cabinet 
with a length of arc equal to 600 mm, made up of three 
stainless steel tubular arcs with 26 nozzles. The nozzles 
promote fan-type jets with an angle of 60 to 65 degrees and 
a unit flow at a pressure of 10 bar and a flow of 0.8 liters per 
carcass. The samples collected in the morning were stored 
under refrigeration in boxes with ice and, at the end of the 
collection in the afternoon, all samples of the day were sent 
to the laboratory, in isothermal boxes with ice. 
Microbiological analyzes for thermotolerant coliforms were 
performed using the AFNOR 3M 01/2 - 09/89C - Petrifilm 
methodology. The data were analyzed using descriptive 
statistics. The results showed that, although the mean 
reduction in the number of thermotolerant coliform colonies 
was between 5 log in RCT and 6 log CFU/g in RCWP, both 
treatments were ineffective in reducing the thermotolerant 
coliform count to an acceptable level, with only 30% and 
13% of the samples reaching the standard, 0% and 3% of 
the samples with an intermediate result (between 2 log and 
4 log CFU/g) and 70% and 77% of non-standard samples 
(above 4 log CFU/g) in RCT and RCWP treatments, 
respectively. Therefore, it is important to consider that this 
measure alone does not meet the requirements of a CCP 
and must be associated with other measures, such as 
cooling in chlorinated water in the carcass chiller, to reach 
the acceptable level for the microbiological hazards of this 
step. 

475P Effects of phytase on egg production and quality 
in commercial laying hens during peak 
production. Pouyan Malekinezhad1,2, Laura Ellestad*3, 
Nazar Afzali2, Seyed Homayoun Farhangfar2, Mohamad 
Reza Bakhshi4; 1University of Georgia, Poultry Science, 
Athens, Georgia, United States; 2University of Birjand, 
Birjand, Iran (the Islamic Republic of); 3University of 
Georgia, Poultry Science, Athens, Georgia, United 
States; 4Univercity of Birjand, Birjand, Iran (the Islamic 
Republic of). 

Phosphorus is necessary for laying hens to maintain egg 
production, eggshell quality, and bone strength. It is 
provided in laying hen diets as a mineral and also contained 
in plant ingredients as primarily phytate phosphorus that is 
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unavailable mainly without supplemental enzymes. In this 
study, the phytase enzyme under development (Bonda 
Group Development, Iran) (PHB) was compared to 
commercially-available phytase (Kemin, USA) (PHK) for its 
ability to influence laying hen egg production and egg quality 
characteristics. The experiment was completely randomized 
with seven treatments, each containing six replicate colony 
cages containing eight commercial laying hens (Hy-Line 
W36). All experimental diets were phosphorus-deficient 
(0.15% nonphytate phosphorus) and included: (1) Control 
diet with no additives; (2) PHB, 0.1 g/kg; (3) PHB, 0.2 g/kg; 
(4) PHB, 0.3 g/kg; (5) PHK, 0.1 g/kg; (6) PHK, 0.2 g/kg, and 
(7) PHK, 0.3 g/kg. Both experimental and commercial 
phytase were activity 5000 FTU/g. The nutritional and 
energetic contributions of the phytase used to formulate the 
experimental diets were recommended by the 
manufacturers and are 54 kcal/kg metabolizable energy, 
0.12% available phosphorus, 0.25% crude protein, and 
0.11% calcium per gram. The experiment was conducted 
over 12 weeks, from 33 to 44 weeks of age. At the end of 
each week, egg production, daily egg mass, feed 
consumption, and feed conversion efficiency (feed/egg 
mass) were calculated. From each cage, two eggs were 
selected to determine egg characteristics (Haugh unit, and 
eggshell thickness, percentage, and strength). Data were 
analyzed with the general linear model in SAS, and means 
of experimental groups were compared using the Tukey 
method at a 5% probability level (P≤0.05). Dietary treatment 
significantly affected FCR (P=0.0001). Dietary PHB (0.2 
g/kg) reduced FCR compared to the control group 
(P=0.0023). However, no significant difference in 
performance traits were observed between the two groups 
using different levels of both phytases. Higher eggshell 
thickness was seen in PHB (0.2 g/kg) and PHK (0.1 g/kg) 
treatments compared to the control groups (P=0.0016). 
Laying hens fed 0.1 g/kg PHK had higher Haugh unit than 
laying hens fed all three levels PHB (P=0.0001). In 
conclusion, layers fed PHB had similar performance traits 
those fed PHK commercial phytase in terms of egg 
production and shell quality, indicating that it could be used 
in table egg production without a decreased efficiency. 

476P Complete genome sequences of Campylobacter 
jejuni strains isolated from no antibiotics ever 
raised broiler reveal the presence of antimicrobial 
resistance and virulence genes. Sabin Poudel*1, Mark A. 
Arick II3, Chuan-Yu Hsu3, Pratima Adhikari1, Anuraj 
Sukumaran1, Aaron S. Kiess2, Li Zhang1; 1Mississippi State 
University, Department of Poultry Science, Mississippi State, 
Mississippi, United States; 2North Carolina State University, 
Prestage Department of Poultry Science, Raleigh, North 
Carolina, United States; 3Mississippi State University, 
Institute for Genomics, Biocomputing, and Biotechnology, 
Mississippi State, Mississippi, United States. 

Campylobacter jejuni (C. jejuni) is one of the leading 
foodborne infection-causing bacteria that causes 
gastroenteritis in humans. Poultry is considered a major 
reservoir host for C. jejuni and consumption of contaminated 
chicken meat accounts for ~60% of 
human Campylobacteriosis. This work aimed to identify the 
genomic diversity of C. jejuni from no antibiotics ever (NAE) 
raised broilers using whole genome sequencing. Four C. 
jejuni isolates (MS2191, MS2202, MS2212, and MS2217), 
which were previously isolated from cloacal swabs of NAE-

raised broiler from the live hang area of three processing 
plants were sequenced. The C. jejuni isolates were 
sequenced on both Nanopore GridION (Oxford Nanopore 
Technologies, Oxford, UK) and Illumina HiSeq X-Ten 
(Illumina, San Diego, CA, USA). The genome sequences 
were assembled with Canu v1.9 and annotated using Prokka 
v1.13. The genome size of the C. jejuni strains 
ranged from 1,648,510 to 1,801,880 bp. In silico multilocus 
sequencing typing (MLST) analysis of the genome 
sequences indicates that the four strains represent three 
sequence types (ST; ST-51, ST-2132, and ST-10578) and 
two clonal complexes (CC; ST-353 and ST-443). Among 
four isolates, three isolates were present in the CC ST-353, 
which is often linked to causing human disease and is 
dominant among human C. jejuni isolates. The RGI 5.2.1 
database was utilized to predict the presence of 
antimicrobial resistance (AMRs) genes. The presence 
of cmeABC, cmeR, blaOXA-184, aph(3’)-IIIa, and sat-
4 genes conferring resistance to macrolide, 
fluoroquinolones, cephalosporin, and aminoglycoside was 
detected. The cmeABC and cmeR were present in all four 
isolates; cmeR is the transcriptional regulator in multidrug 
efflux system cmeABC. The cmeABC also increases the 
resistance against macrolide and fluoroquinolones. The 
virulence factor database (VFDB) and SecReT6 were used 
to analyze the virulence genes present in the C. 
jejuni genome. All four C. jejuni strains possess major 
virulence genes for adhesion, invasion, toxin production 
(cdtA, cdtB, and cdtC), and stress response (spoT, 
ahpC, dnaJ, katA, tpx, and csrA); whereas three C. 
jejuni isolates (MS2202, MS2212, and MS2217) possess all 
13 type VI secretion genes (tssA, tssB, tssC, tssD, tssE, 
tssF, tssG, tssI, tssJ, tssK, tssL, tssM, tagH). These genome 
sequences provide significant insights regarding the 
presence of antimicrobial resistance and virulence genes 
in C. jejuni strains isolated from NAE broilers. Furthermore, 
these complete genome sequences will facilitate future 
research directed toward developing prevention strategies 
and understanding functional characteristics of type VI 
secretion genes uniquely present in currently sequenced C. 
jejuni strains. 

477P Activation of proinflammatory cytokines under 
circadian disruption in Hy-Line brown layers. Mridula 
Gupta1, Mollie Cobb*1, Giri Athrey1; 1Texas A&M University, 
Poultry Science, College Station, Texas, United States. 

The objective of the research was to characterize how 
circadian rhythms regulate inflammatory pathways using 
RNAseq data. Disruption in circadian clock regulation can 
lead to physiological disorders impacting immune cytokine 
signaling. A total of 80 day old Hy-line brown layer chicks 
were randomly assigned to and reared under two 
photoperiod treatments - normal photoperiod (NP=12/12 
Light/Dark), and extended photoperiod (EP=23/1 Light/Dark) 
with 40 chicks per photoperiod treatment. In the NP 
treatment, lights were on from 0600 to 1800. In the EP 
treatment, lights were on from 0600 to 0500 the following day 
(23 hr).The birds were provided with ad libitum feed and 
water during the photoperiod entrainment period of three 
weeks, which is based on the time required for circadian 
entrainment. After 21 days of circadian entrainment, the 
chicks were euthanized at nine different time points at six-
hour intervals over a 48-hour period. Brains were collected 
at each time point from two chicks per treatment. The RNA 
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from each sample was isolated and 36 mRNA libraries were 
prepared and sequenced using the Illumina platform, 
followed by data processing, generating counts data, and 
differential gene expression analyses. The RNAseq data 
was quality filtered and then aligned to the Gallus reference 
genome (V6), and then counts aligning to features were 
generated with HTseq-Count (N=2). To determine the genes 
which are following rhythms under the clock, normalized 
counts per million data were analyzed with non-parametric 
algorithms for identifying circadian rhythms using the tool 
DiscoRhythm. 577 genes were found with Cosinor and 417 
with JTK cycle algorithm showing significant rhythms 
(pValue < 0.05). The enrichment analysis of these genes in 
IPA revealed that IL-17 signaling, IL-8 signaling, and 
Glucocorticoid receptor (GR) signaling pathways are 
regulated under the clock. The differential expression of the 
genes between the two treatments of the time points 
Zeitgeber Time 0 (ZT0) and Zeitgeber Time 12 (ZT12) has 
shown upregulation of pathways such as IL-1 Signaling, 
Acute phase signaling, and cellular immune response 
pathways in extended photoperiods. Our results indicate that 
circadian disruption enhanced the expression of 
proinflammatory cytokines.The circadian system is thought 
to have evolved as a mechanism to optimize the timing of 
immune responses in organisms. In this study we show that 
disrupted circadian rhythms showed aberrant timing and 
expression patterns of pro-inflammatory cytokines and 
related immune pathways. These results point to the 
importance of designing poultry lighting programs that can 
effectively utilize the natural immune function and reduce 
inflammation in poultry. 

478P Berberine and Capparis spinosa can reduce 
adverse effect mycotoxicosis in broiler chickens. 
Pouyan Malekinezhad12, Laura Ellestad*3, Nazar Afzali2, 
Seyed Homayoun Farhangfar2, Arash Omidi4, Abbas 
Mohammadi2; 1University of Georgia, Poultry Science, 
Athens, Georgia, United States; 2Univercity of Birjand, 
Birjand, Iran (the Islamic Republic of); 3University of 
Georgia, Poultry Science, Athens, Georgia, United 
States; 4Shiraz University, Shiraz, Iran (the Islamic Republic 
of). 

Infection of more than 25% of the world's cereals with 
mycotoxins and identification of the effects of mycotoxins 
such as aflatoxin B1 (AFB) and ochratoxin A (OTA) on the 
performance and immune system of poultry highlight the 
importance of monitoring fungal toxins in poultry diets and 
finding effective and efficient detoxification technologies. 
This study aimed to evaluate the efficacy of Berberine (BBR) 
and a hydroalcoholic extract of Capparis spinosa (CS) fruit 
in reducing the effects of AFB and OTA by measuring 
performance, blood parameters, humoral immunity, and liver 
histopathology of broiler chickens. The experiment was 
performed in a randomized 2 × 2 × 2 × 2 factorial design with 
16 treatments and five replicate pens per treatment, with 
eight chicks per pen. Treatment combinations included AFB 
at two levels (0 and 2 ppm), OTA at two levels (0 and 2 ppm), 
BBR at two levels (0 and 600 mg/kg), and CS at two levels 
(0 and 750 mg/kg). At the end of each diet phase (D10, 24, 
and 42), pen weights and feed consumption were 
determined, and average daily gain (ADG), average daily 
feed intake (ADFI), and mortality-corrected feed conversion 
ratio (FCR) were calculated. To evaluate the humoral 
immunity, sheep red blood cells (SRBC) were injected into 

the blood through the brachial vein of broilers in each group 
at days 28 and 35, and antibody titers were measured 7 days 
after each injection. At the end of the experiment, two chicks 
weighing close to the average pen weight (mean±1 SD) were 
selected at random from each pen (8 chicks/treatment). 
From each bird, blood samples were taken to determine 
serum creatinine, urea, malondialdehyde, aspartate 
aminotransferase, lactate dehydrogenase, alanine 
aminotransferase, gamma-glutamyl transferase, superoxide 
dismutase, and glutathione peroxidase activities, after which 
thymus, spleen, bursa of Fabricius, and liver weights were 
recorded. A fragment (0.5 cm2) of the right liver lobe was 
collected for histology. Data were analyzed using the 
general linear model procedure of SAS followed by Tukey’s 
test when ANOVA indicated significance. Chickens receiving 
AFB or OTA had the lowest ADFI and ADG and the highest 
FCR (P≤0.05), while the highest growth performance was 
observed in chickens receiving a diet containing BBR and 
CS extract but no mycotoxins (P≤0.05). The chickens that 
received contaminated feed with BBR and CS extract had 
improved growth performance, less liver damage, reduced 
liver enzyme levels, higher antibody titers against the SRBC 
challenge compared to chickens that received toxins alone 
(P≤0.05). It can be concluded that BBR and CS may improve 
growth performance, limit organ damage, and enhance 
immune parameters during aflatoxicosis and ochratoxicosis. 

479P Effect of particle size of the soybean meal and 
fiber inclusion in the diet on growth performance, 
nutrient retention, and gastrointestinal tract traits of 
broilers from 0 to 42 days of age. A. Aguayo1, C. Nicolás1, 
H. Kadardar1, G. Talegón1, L. Aguirre1, Gonzalo 
Mateos*1; 1Universidad Politécnica de Madrid, Madrid, 
Spain. 

This research evaluated the effects of the mean particle size 
(MPS) of soybean meal (SBM) and the inclusion of fiber in 
the diet on growth performance, total tract apparent retention 
(TTAR) of nutrients, and gastrointestinal tract (GIT) 
development in broilers from 0 to 42 d of age. The 
experiment was completely randomized with 8 treatments 
organized as a 2 × 4 factorial with 2 MPS of the SBM 
(coarse; 1,385 µm vs. micronized; 170 µm) and 4 diets that 
varied in the source of fiber used [control vs. 3% of oat hulls 
(OH), soy hulls (SH), and sugar beet pulp (SBP)] as main 
effects. The experiment had 2 feeding phases (0 to 21 and 
22 to 42 d), in which the control diets (based on rice and 
SBM) varied exclusively in the MPS of the SBM used (coarse 
vs micronized). The experimental diets resulted from the 
dilution (wt:wt) of the control diets with 3% OH, SH, or SBP, 
respectively. Each treatment was replicated 6 times and the 
experimental unit was a floor pen with 20 chicks. Growth 
performance [(BW gain, feed intake (FI), and feed 
conversion ratio (FCR)] data are presented by feeding phase 
and cumulatively. TTAR of DM, OM, CP, and the AMEn of 
the diets was determined at 21 d of age. GIT traits were 
evaluated at 21 and 42 d of age. Data were analyzed as a 
completely randomized design with MPS of the SBM and 
fiber source inclusion as main effects, using the MIXED 
procedure of SAS. From 0 to 42 d of age, FCR was better 
for broilers fed micronized SBM than for broilers fed coarsely 
ground SBM (P < 0.05). Particle size of the SBM did not 
affect nutrient digestibility. In relative terms (% BW), the full 
proventriculus and gizzard were heavier in birds fed the 
coarse SBM at both ages (P < 0.05). At 42 d of age, gizzard 
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pH was lower for the coarse than for the micronized SBM 
(P < 0.05). Fiber inclusion increased FI (P < 0.05) but did not 
affect energy conversion ratio. Birds fed OH ate more feed 
than birds fed the control diet, with birds fed SH and SBP 
being in an intermediate position (P < 0.05). Fiber inclusion 
did not affect nutrient digestibility. In relative terms (% BW) 
the inclusion of extra fiber in the diet increased the weight of 
the empty gizzard, an effect that was more pronounced with 
OH than with SH or SBP at both ages (P < 0.05 for the 
interaction). Also, irrespectively of the source, fiber inclusion 
reduced gizzard pH at both ages (P < 0.01). In summary, a 
reduction in MPS of the SBM improved FCR, increased 
gizzard pH, and reduced the weight of the gizzard. Neither 
MPS of the SBM nor extra fiber supplementation affected the 
nutrient digestibility of the birds. Independently of the source 
of fiber, fiber inclusion increased FI and improved the 
development of the GIT. used. 

480P Internal quality of eggs produced by laying hen 
fed diets containing an endo-1,4-beta-xylanase. Itallo d. 
Faria1, Natiele F. Oliveira1, Jade M. Souza1, Jorge F. 
Carvalho1, Yun-mei A. Lin2, Sandra Rodrigues2, Rasha 
Qudsieh2, Jose H. Stringhini*1,3; 1Universidade Federal de 
Goias, Zootecnia, Goiania, Goias, Brazil; 2BioResource 
International, Durham, North Carolina, United 
States; 3CNPq Fellowship, Brasilia, Distrito Federal, Brazil. 

The experiment aimed to evaluate the effects of dietary 
xylanase (fungal endo-1,4-beta-xylanase of the GH11 
family) on internal egg quality of laying hens fed diets with 
reduced AMEn levels. Eggs were collected from 288 
Lohmann White laying hens. A total of six corn-soybean 
meal-corn gluten meal-based experimental diets were 
investigated: Positive control (PC); Negative Control - 
reduction of 100 kcal compared to PC (NC); NC+50 g/MT 
xylanase (XM50); NC+75 g/MT xylanase (XM75); NC+100 
g/MT xylanase (XM100); NC+125 g/MT xylanase (XM125). 
Variables determined were: egg weight, yolk color; Haugh 
Unit; yolk pH, albumen pH; yolk percentage; albumen 
percentage; yolk index (height/diameter); and albumen 
index (height/diameter). Data were measured over 4 periods 
as follows: 69 to 73 weeks; 74 to 77 weeks; 78 to 81 weeks, 
and 82 to 85 weeks; as well as total period (69 to 85 weeks). 
The experiment was carried out as a completely randomized 
design with six treatments and six replicates with eight hens 
per replicate. Data were submitted to analysis of variance 
(ANOVA) and means were separated using PDIFF 
statement in SAS, significance was set at P<0.05. For the 
effect of dietary treatments on production data, the PC and 
NC treatments were subjected to t-test, and all treatments 
except PC were analyzed by regression. For internal quality 
data, all six treatments were analyzed as one-way ANOVA. 
Egg weight (g) and albumen index were statistically similar 
among treatments throughout the trial. Yolk color measured 
by color fan was lower (P<0.001) in NC compared to other 
treatments in the first period, while in the second period PC 
had higher (P<0.0001) color value compared to XM100. 
Haugh Unit was decreased (P<0.03) in XM75 and XM100 
during the first period by 2 and 3 points, respectively, 
compared to PC, similar trend was observed in the third 
period. Yolk pH was increased (P<0.04) in NC50 (6.08) and 
NC75 (6.09) in the first period but was reduced (P<0.0001) 
in the second period compared to PC. Albumen pH was the 
lowest (P<0.001) in XM50 (7.65) but increased (P<0.05) as 
XM inclusion level increased to be the highest in XM125 

(8.54) in first period with albumen pH increasing (P<0.05) 
further in second and third periods and being higher for 
XM50 and XM100. In all periods, yolk percentage was 
increased (P<0.05), and albumen percentage was 
decreased (P<0.05) in XM125 compared to NC. In the first 
and third periods, XM125 had an improved (P<0.05) yolk 
index compared to NC, while there were no differences in 
albumen index. Based on these results, it can be concluded 
that adding xylanase to layer hen diets has no negative 
effect on interior quality of eggs, although xylanase did 
increase albumen pH and yolk percentage. 

481P Response of broiler chickens vaccinated against 
coccidiosis to diets containing varying amino acid 
density and a nucleotide-rich extract during the pre-
starter and starter periods. Stephanie C. Philpot*1, 
Ruediger Hauck24, Ayodeji Aderibigbe6, Ken Macklin5, 
Wilmer J. Pacheco2, Samuel J. Rochell2, Bill 
Dozier3; 1USDA-ARS, Poultry Research Unit, Mississippi 
State, Mississippi, United States; 2Auburn University, 
Poultry Science, Auburn, Alabama, United States; 3Auburn 
University, Poultry Science, Auburn, Alabama, United 
States; 4Auburn University, Department of Pathobiology, 
Auburn, Alabama, United States; 5Mississippi State 
University, Poultry Science, Mississippi State, Mississippi, 
United States; 6Florida A&M University, College of 
Agriculture and Food Science, Tallahassee, Florida, United 
States. 

Increased dietary amino acid (AA) density and nucleotide 
supplementation during the pre-starter (PSP) and starter 
periods (SP) have been shown to ameliorate reductions in 
growth performance caused by vaccination against 
coccidiosis. Nupro is a yeast-based product dense in 
nucleotides. An experiment was conducted to determine 
interactive effects of AA density and Nupro inclusion during 
the PSP and SP dietary phases on performance of broilers 
vaccinated against coccidiosis at hatch. Broilers were 
provided with 10 treatments. Eight dietary treatments 
arranged as a 2 × 4 factorial of 2 AA densities (1.20/1.15% 
or 1.35/1.25% digestible Lys in the PSP and SP) and Nupro 
inclusion (-/-, +/-, -/+, or +/+ Nupro inclusion at 2% in the 
PSP/SP diets, respectively) were provided to broilers that 
received a 1× dose of a vaccine against coccidiosis. 
Additionally, 2 treatments containing 1.20/1.15% digestible 
Lys and no Nupro were provided to unvaccinated chicks as 
positive (contained Amprolium as an anticoccidial) and 
negative (did not contain Amprolium) controls. Other AA 
increased proportionally as essential AA ratios with Lys 
density. Broilers were provided with common grower and 
finisher diets. Growth performance was evaluated at 9, 19, 
29, and 40 D of age. Footpad dermatitis was evaluated at 
19, 29, and 40 D of age and intestinal lesion scoring was 
conducted at 19 D of age. At 41 D of age, birds were 
processed for determination of breast meat weight and yield. 
The experiment was conducted as a randomized complete 
block design with 9 replicate pens (30 birds/pen) per 
treatment. Performance, scoring, and processing 
characteristics were analyzed using ANOVA for the factorial 
treatments and with contrasts to assess effect of 
vaccination. Broilers fed the positive control had reduced 
lesion scores of 1 (P = 0.044) and numerically higher scores 
of 0 (P = 0.10) in the upper section of the intestinal tract 
compared with vaccinated birds. Increased AA density led to 
higher BW (P ≤ 0.001) and decreased FCR (P = 0.002) 
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during the SP but not during the finisher phase (P ≥ 0.37). 
Increased AA in the PSP and SP led to increased breast 
meat weight (P ≤ 0.001) and yield (P ≤ 0.001) at 41 D of age. 
Nupro inclusion during the SP decreased 40 D mortality 
compared with birds that received no Nupro (P = 0.029) but 
did not affect other performance characteristics (P ≥ 0.25), 
lesion scores (P ≥ 0.33), or processing characteristics (P 
≥ 0.19). These data indicate that higher dietary AA inclusion 
in the PSP and SP results in increased breast meat weight 
and yield. However, nucleotide supplementation did not 
improve performance or compensate for reduced dietary AA 
density. 

482P Early non-destructive determination of broiler 
hens egg fertility through odor analysis. Xiaojuan(Judy) 
Song*1, Christopher A. Heist1, Olga Kemenova1, Jeanna 
Wilson2, Benjamin Allen3, Douglas J. Aldridge3, Doug 
Britton1 1Georgia Tech Research Institute, Atlanta, Georgia, 
United States; 2University of Georgia, Dept. of Poultry 
Science, Athens, Georgia, United States; 3Aviagen North 
America, Huntsville, Alabama, United States. 

Technologies capable of early, non-destructive identification 
of fertility, viability, and sex of chicken eggs, represent 
significant cost gains and increased animal welfare within 
the industry. To date, this capability for in-ovo detection has 
proven elusive or very costly. Our previous work has shown 
that volatile organic compounds (VOCs) released through 
the shell can be detected and identified. Principal 
Component Analysis (PCA) results indicated the ability to 
discriminate fertilization statuses as early as day 3 of 
incubation using these VOCs extracted with stir bar sorptive 
extraction (SBSE) devices (Twisters®). The objective of this 
continued research is to further identify and characterize the 
VOCs emitted from fertile and infertile eggs with increased 
control ensuring the same breed, flock, age, diet, 
environment, and collection day. Statistical analysis such as 
PCA, Partial Least Square (PLS) and Linear Discriminant 
Analysis (LDA) have been applied to discover potential 
fertilization-specific VOC biomarkers. Sixty eggs were 
collected and placed in 185ml glass jars (without lids) and 
stored refrigerated at 18.3°C for 7 days prior to incubation. 
VOCs were collected during this storing period by 
magnetically attaching a Twister® to the inside of a lid and 
sealing the jar for 1 hour. Prior to incubation, the eggs were 
allowed to warm to room temperature for two hours during 
which VOCs were collected in the same manner. During 
incubation, VOC sampling was conducted on days 5, 7, 10, 
and 14 days in the same manner. Overall, three VOC 
collection temperatures were used, refrigerated, room 
temperature, and incubation temperature to cover all 
aspects of the incubation process. VOCs were desorbed 
from the Twisters® using a thermal desorption unit (TDU) 
coupled to a cooled injection system (CIS). Desorbed VOCs 
were then analyzed using two-dimensional gas 
chromatography-mass spectrometry (GCxGC/TOFMS) in a 
non-targeted approach. LECO® ChromaTOF® software 
was used for data acquisition. Compounds were identified 
using the NIST 2017 mass spectral database within LECO® 
ChromaTOF TILE®. Linear Discriminant Analysis (LDA) was 
utilized to classify eggs into “Fertile” and “Infertile” 
categories. Preliminary results have shown a good 
performance on a training dataset (0% misclassified on day 
7 of incubation) and promising results on a validation set 
(20% misclassified). Additionally, a trend among fertile and 

infertile groups is visible in PCA results as early as day 0. 
Several chemical classes including aldehydes, alkanes, 
ketones, and alcohols have again shown to be of significant 
importance. 

483P Effects of drinking-water treatments on growth 
performance, intestinal nutrients transport, barrier 
functions, and fecal ammonia emission in broiler 
chickens. Peter Mann*1, Sonni Alvarez2, Hong Li2, Yihang 
Li3; 1University of Delaware, Newark, Delaware, United 
States; 2University of Delaware, Animal and Food Sciences, 
Newark, Delaware, United States; 3University of Delaware, 
Animal and Food Sciences, Newark, Delaware, United 
States. 

The quality and manipulation of drinking-water significantly 
impacts animal performance and intestinal health. A water 
treatment system that can enhance the concentration of low 
zeta potential (LZP) crystals, remove minerals, and alter 
intestinal microbiota has shown beneficial effects on broiler 
performance and fecal ammonia emissions. Feeding oxygen 
enriched water has also been recommended to improve 
chicken performance. However, the effects of these 
manipulations on intestinal epithelial functions have yet to be 
evaluated. The objective of this study is to evaluate the 
effects of water treatments on performance, intestinal 
function, and ammonia emission in broilers. A total of 120 
newly hatched Ross 708 chicks were allotted to one of 3 
water treatments: city water (CON), city water treated by LZP 
system (TRT), and oxygenated city water (OXY). Birds were 
raised in 12 isolators and fed commercial feed until d28 of 
age. Body weight (BW), feed intake, and feed conversion 
ratio (FCR) per isolator were recorded weekly. Fecal 
samples were analyzed weekly for ammonia emission and 
moisture content. On d7 and d21, oral FITC-dextran (FD4) 
gavage was administered to evaluate the gastrointestinal 
barrier. On d 14 and d 28, 1~2 birds per isolator were 
euthanized for intestinal electrophysiology measurements in 
the Ussing chamber system. Ileal barrier function was 
measured by transepithelial resistance (TER), potential 
difference (PD), and FD4 permeability; nutrient active 
transport was identified as the changes in short-circuit 
current in response to selected luminal nutrients (glucose, 
alanine, and dipeptide). Statistical analysis was performed 
using one-way ANOVA and multiple comparison. Results 
showed that the TRT group increased BW by 9.4% 
compared to CON (P < 0.10) at d28. In contrast, the OXY 
birds had numerically decreased BW compared with CON 
from d14 to d28. The FCR at d7~d14 and d21~d28 were 
numerically reduced in TRT birds by 15.6% and 12.6% 
compared to CON, respectively. The TRT birds enhanced 
intestinal functions by reducing ileal specific FD4 
permeability, increasing ileal active transport of all nutrients 
at d14 (P < 0.10), and by upregulating dipeptide transport at 
d28 (P < 0.05). On the contrary, the OXY treatment tended 
to reduce oral FD4 permeability only at d7 (P < 0.10), but 
reduced ileal specific TER and PD at d14 (P < 0.05). During 
d7~ d14, TRT birds had reduced ammonia emission by 
78.1% (P < 0.10). The TRT birds also had numerically less 
fecal moisture by 8.8% compared to CON. In this study, birds 
fed filtered water showed favorable results in intestinal 
functions, growth performance, and ammonia production. 
Large scale trials are needed in the future to confirm 
beneficial effects. 
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484P Analysis on shifts in the Clostridia 
and Eimeria microbial populations in the small intestine 
of broilers. Lindsay Leonard*1, Josh Rehberger1, Enid 
McKinley1, Shannon Burasco1, Jodi Delago1, Alexandra H. 
Smith1; 1Arm & Hammer Animal and Food Production, 
Milwaukee, Wisconsin, United States. 

Necrotic enteritis (NE), caused by the bacterial 
agent Clostridium perfringens, and coccidiosis, caused by 
the parasite Eimeria, are two illnesses common in the 
poultry industry. It is generally accepted that early 
coccidiosis infections with pathogenic species such as E. 
maxima can leave birds susceptible to infection by C. 
perfringens, leading to the development of NE. Antibiotics 
are often added to feed to improve growth performance in 
broilers, however, their use in feed may lead to shifts in the 
intestinal microbial populations. In this study the impact on 
the clostridia and Eimeria gut microbial communities was 
analyzed while transitioning from an antibiotic free (NAE) 
diet to a conventional diet. Gastrointestinal tracts (GITs) 
were collected from five broiler farms across 6 cycles (n=12, 
for each farm at each cycle, between 13-22 days old), and 
the mucosal associated bacteria from the small intestines 
(SI) was analyzed. Farms 1, 2, 3, and 5 were NAE on Cycle 
1, and Farm 4 was transitioning to NAE on Cycle 1. The level 
of Clostridium species in each GIT was enumerated, and 
representative isolates were molecularly screened to 
estimate the level of C. perfringens in each GIT. Through 
next-generation Illumina sequencing the microbial 
communities of Eimeria (genus level) and clostridia (class 
level) were sequenced and analyzed in each GIT sample 
using QIIME2. The primary Eimeria species detected 
through Illumina sequencing were E. praecox (68% of the 
population across all samples) and E. maxima (28%). E. 
mitis, E. tenella, E. adenoeides, E. innocua, E. 
acervuline and E. telekii were also detected at low levels in 
the population, between 2-0.0003% across all samples. 
Across all five farms there appeared to be an increase in the 
relative abundance of E. maxima during cycle 6, compared 
to cycles 4 and 5. The statistical differences in C. 
perfringens counts across cycles was analyzed using a 
Kruskal-Wallis test with a Dunns multiple comparisons test, 
with significant values at p<0.05. The trend in C. 
perfringens levels observed across 4 of the 5 farms was 
that C. perfringens was higher during cycle 6 than at cycle 1, 
with this difference statistically significant on 3 farms. On 
farm 5 C. perfringens was highest during cycle 3, and was 
significantly lower by cycle 6. Through QIIME2 analysis C. 
perfringens was the species identified as being statistically 
higher in the total clostridia populations during cycle 6 for 
both farms 1 and 4 (ANCOM, W > 55). Overall, it was 
observed that over time there were shifts in the microbial 
populations of the SI that allowed for the growth of 
pathogens such as C. perfringens and E. maxima, which 
could leave birds susceptible to future development of NE. 

485P Comparing different CRISPR-typing methods to 
detect Salmonella populations in broilers. Zachary 
Zawada*1, Jodi Delago1, Shannon Burasco1, Alexandra H. 
Smith1; 1Arm & Hammer Animal and Food Production, 
Milwaukee, Wisconsin, United States. 

Salmonella is one of the leading causes of bacterial 
foodborne illness in the United States, making it important to 
understand the populations of Salmonella present in poultry 

samples and how these populations change over time. The 
CRISPR-Cas system is a form of adaptive immunity for 
bacteriophage infection found as a part of the genome 
in Salmonella. It is comprised of two unique loci that contain 
distinct and conserved spacer and repeat sequences that 
allow for differentiation of serovars. CRISPR-typing of 
isolates through PCR amplification of CRISPR 2 and Sanger 
sequencing is an effective way to determine 
which Salmonella serovars are present, however there are 
drawbacks to this method. Only a few colonies are isolated, 
and this data is used to represent the entire population in a 
sample with typically only one or two serovars recovered. 
This is not indicative of the entire population present, only 
detecting abundant serovars in the sample, and is also 
biased by two different enrichments. CRISPR-SeroSeq is a 
method of in-depth sequencing of the CRISPR array to 
examine the population of Salmonella present in a given 
sample. Both methods were applied to samples recovered 
from five farms at a broiler complex to observe the 
differences in total Salmonella populations in the grow-out 
phase (10-18 days) and at market age over six consecutive 
production cycles. Ceca were collected from each farm 
during each production cycle (six birds per 
house). Salmonella levels in the cecal samples were 
determined by enumeration using a mini-MPN method with 
two enrichment steps (Tetrathionate broth and RV-10) and 
compared in the grow-out and market aged birds. 
The Salmonella levels in the market aged birds (0.91±1.17 
Log CFU/g) were lower (p<0.05) than in the grow-out birds 
(1.24± 1.51 Log CFU/g). Sample from the mini-MPN method 
was used for CRISPR-typing. For CRISPR-SeroSeq, cecal 
samples were enriched in Tetrathionate broth and Illumina 
sequencing was used to determine the sequence of the 
CRISPR array of the total DNA recovered from the 
enrichment culture. On farm, CRISPR-SeroSeq revealed 
that 41% of the birds had multiple serovars while CRISPR-
typing data only detected multiple serovars in 2% of birds. At 
harvest, CRISPR-SeroSeq detected 50% of birds having 
multiple serovars with CRISPR-typing data detecting 
multiple serovars in 4% of birds. CRISPR-SeroSeq detected 
an additional three and two serovars present on the farm and 
at harvest, respectively. In both methods 
tested, Salmonella Infantis and Salmonella Kentucky were 
the predominant serovars present at both time points. 
Overall, CRISPR-SeroSeq shows the variation 
in Salmonella populations in more depth than the results that 
can be obtained from CRISPR-typing. 

486P The effect of growth promoting antibiotics on the 
microbiome of the small intestines of broilers. Josh 
Rehberger*1, Lindsay Leonard1, Enid McKinley1, Shannon 
Burasco2, Alexandra H. Smith1; 1Arm & Hammer Animal and 
Food Production, Specialty Products Division, Waukesha, 
Wisconsin, United States; 2Arm & Hammer Animal and Food 
Production, Specialty Products Division, Ewing, New Jersey, 
United States. 

Antibiotics have long been used to promote growth in the 
poultry industry. These antibiotic growth promoters reduce 
the overall microbial load decreasing competition for 
nutrients with the host and keeping opportunistic pathogens 
at bay. To investigate the effect of antibiotic use on the 
microbiome six successional flocks were sampled from five 
different farms as they transitioned to an antibiotic-free diet 
and back to a conventional diet containing antibiotics. 



 

2023 PSA Annual Meeting Abstracts 218 
 

Twelve birds were sacrificed from each flock and the 
mucosally associated microbiota were collected, DNA 
extraction was completed, and Illumina sequencing of the V4 
region of the 16S rDNA gene was performed. QIIME2 was 
used to process the sequence data, which was filtered and 
denoised using DADA2 and assigned taxonomy to the 
species level. Alpha and beta diversities were analyzed in 
QIIME2 with a minimum sampling depth of 5000 reads and 
ANCOM was used to associate species that differed 
between groups. The resulting count table was also log 
transformed and centered by species and the effect of 
environmental variables compared by RDA using Canoco5. 
Comparison of Shannon entropy indicated that flocks 
supplemented with antibiotics had intestinal microbiomes 
that were more diverse than antibiotic free flocks (p < 0.05). 
RDA analyses indicated that 3.8% of variation between 
samples was attributable to Farm while 2.2% was 
attributable to antibiotic inclusion. Beta diversity analysis by 
Jaccard indicated that all farms were different except for 
Farms 1 and 2 (p < 0.05), Bray-Curtis indicated that Farms 
4 and 5 were different from all other farms but that Farms 1, 
2 and 3 were not different from each other (p < 0.05). 
ANCOM analysis found that Campylobacter (W > 60) was 
more prevalent in Farm 5. Beta diversity analysis by Jaccard, 
Bray-Curtis and RDA all indicated that microbiomes of 
conventional and antibiotic free flocks were different (p < 
0.05). RDA indicated that Lactobacillus agillis and 
Lactobacillus acidipiscis were associated with antibiotic-free 
flocks, whereas Escherichia coli, Enterobacteriaceae, and 
Campylobacter were associated with conventionally reared 
flocks. The associations of Lactobacillus agillis and 
Lactobacillus acidipiscis to antibiotic-free flocks was verified 
by ANCOM (W > 60). Though the use of antibiotic growth 
promoters had a significant impact on the intestinal 
microbiota of broilers, in this case, management practices 
may be more impactful. 

487P Phase ingredients change in the diet formulation 
as a possible model to test feed additive efficacy in 
broiler chickens. Addison M. Elstner*1, Rosana Hirai1, 
Daniel De Leon1, Macey Randig-Biar1, Austin Silva1, Audrey 
McElroy1, Christopher Bailey1, Hector Leyva-
Jimenez2; 1Texas A&M, Poultry Science, College Station, 
Texas, United States; 2United Animal Health, Sheridan, 
Indiana, United States. 

There is a need to test feed additives whose main objective 
is to improve gut health under non-traditional research 
environments and diet formulations to better reflect possible 
field challenges faced under commercial rearing conditions. 
Therefore, the present study was conducted to evaluate the 
effects of varying feed ingredients in the diet formulation as 
a potential model to test feed additive efficacy in broilers. A 
total of 320 Cobb male chicks were obtained from a 
commercial hatchery and randomly distributed among 16-
floor pens (20 birds/pen; 0.084 m2/bird). Two feeding 
programs (N=8 replicates/treatment) were used: (1) a corn-
soybean meal (SBM) basal diet with distiller’s dried grains 
(DDGS) at 5% (CS) and (2) a feeding program incorporating 
changes in diet ingredient content in two growth phases (V). 
Diets for the V program consisted of sorghum, SBM, and 
meat & bone meal (MBM) from d 0-14 (starter) and corn, 
SBM, and barley from d 15-27 (grower). Birds and feed were 
weighed to calculate BW, BW gain, feed intake, and FCR at 
d 14 and 27. At the end of the trial, 5 fresh fecal samples/pen 

were collected and analyzed for excreta quality based on 5 
different classifications as normal, watery, undigested feed, 
abnormal color, or presence of mucus. Additionally, the birds 
were analyzed for footpad dermatitis (FPD) and gait scoring 
(GS). Data were analyzed as an independent-samples T-
test in SAS (8 replications/diet), with P-value ≤0.05. No 
difference (P>0.05) was found for d 0-14, d 15-27, or d 0-27 
performance data or FPD. For GS, there was a significant 
difference for percentage of score 1 (P=0.0228), where birds 
fed V diets had a higher percentage of score 1 (lower walking 
ability) when compared to those fed CS diets. Birds receiving 
CS diets had a numerically higher percentage of excreta 
samples classified as normal or with the presence of mucus 
when compared to those fed V diets. Birds receiving CS 
diets had a numerically lower percentage of fecal samples 
classified as undigested feed, watery, or green color when 
compared to those fed V diets. In conclusion, the ingredient 
changes used in this trial did not deliver the expected 
nutritional challenge to the birds measured by performance 
and welfare metrics although interesting effects were 
observed in excreta quality and gait scores. Further research 
is needed to evaluate the interaction of feed additives and 
different feeding strategies, as well as their effect on the 
performance and welfare of broilers under ingredient-
induced dietary stress. 

488P Influence of hen age and egg development stage 
on calcium and vitamin D3 homeostasis in laying hens 
at early and peak egg production. Micaela Sinclair-
Black*1, R. Alejandra Garcia2, Rosalina Angel3, David 
Cavero4, Xabier Arbe4, Bibiana Jaramillo7, Javier S. Garcia5, 
Deana R. Jones5, Laura Ellestad6; 1University of Georgia, 
Poultry Science, Athens, Georgia, United States; 2University 
of Georgia, Poultry Science, Athens, Georgia, United 
States; 3University Of Maryland, Animal and Avian 
Sciences, College Park, Maryland, United States; 4H&N 
International, Bangkok, Thailand; 5USDA Agricultural 
Research Service, US National Poultry Research Center, 
Egg Safety and Quality Research Unit, Athens, Georgia, 
United States; 6University of Georgia, Poultry Science, 
Athens, Georgia, United States; 7Iluma Alliance, Durham, 
North Carolina, United States. 

Daily maintenance of calcium (Ca) homeostasis in layers is 
crucial for robust eggshell and bone mineralization, the 
regulation of which is largely mediated through the actions 
of biologically active 1,25-vitamin D3. As hens age, 
conversion efficiency of dietary vitamin D3 into its active form 
diminishes and, consequently, Ca homeostasis is negatively 
impacted. This often results in weakened skeletal structure 
and poor-quality eggshells, negatively influencing animal 
welfare and economic output. As such, the objective of this 
study was to evaluate the influence of hen age and stage of 
egg formation on Ca and vitamin D3 homeostasis in 
commercial layers at early and peak egg production. Blood 
and shell gland (SG) tissue were collected from 25 (25w) and 
43-week-old (43w) Nick Chick hens (H&N International; 
n=12 per time point) at periods representing different phases 
of Ca utilization [1.5, 6, 15, and 21-hours post-oviposition 
(HPOP)]. Plasma vitamin D3 metabolites were measured 
using liquid chromatography-tandem mass spectrometry, 
while mRNA levels were determined using real-time qPCR. 
Circulating ionized Ca (iCa) was evaluated using iSTAT 
CG8+ cartridges (Zoetis). Eggs were collected from 10 hens 
on the 3 days preceding sampling and analyzed for egg 
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weight (EW) and eggshell thickness (EST). Data were 
analyzed via ANOVA and means were compared using 
Fisher’s Least Significant Difference test when ANOVA 
indicated significance (P≤0.05). Significant age-by-HPOP 
interactions were observed for metabolically active 1,25-
vitamin D3 and SG CALB1 mRNA. Circulating 1,25-vitamin 
D3 was lower during peak eggshell calcification (15 HPOP) 
at 43w (P≤0.05). Expression of SG CALB1 was greater at 6 
HPOP at 43w (P≤0.05), and its expression increased 16-fold 
from 6 to 15 HPOP on both ages (P≤0.05). Further 
significant effects of age or HPOP were observed for other 
parameters. Vitamin D3 metabolites with low bioactivity (25-
vitamin D3 and 24,25-vitamin D3), EW, and SG Ca 
transporter PMCA1 increased at 43w (P≤0.05). Conversely, 
blood iCa, SG Ca transporter NCX1 expression and EST 
declined at 43w (P≤0.05). At both ages, blood iCa decreased 
linearly between 1.5 and 15 HPOP (P≤0.05), as eggshell 
calcification progressed. To summarize, these findings 
suggest that bioavailable vitamin D3 decreases as hens age, 
which may contribute to lower circulating iCa. In response to 
lower iCa, the SG may alter the Ca transporters utilized to 
mineralize the developing eggshell. Finally, declining iCa 
may have led to reduced EST at 43w. As a result, strategies 
aimed at maintaining 1,25-vitamin D3 and, consequently, iCa 
during peak production are likely to improve eggshell quality 
and skeletal integrity throughout the egg production cycle. 

489P Influence of the digestible lysine to AMEn ratio 
and the inclusion of oat hulls in the diet on growth 
performance and the development of the 
gastrointestinal tract of pullets from 0 to 15 weeks of 
age. J. Valle2, G. Talegón*1, L. Aguirre1, N. L. Corrales1, 
Gonzalo Mateos1; 1Universidad Politécnica de Madrid, 
Madrid, Spain; 2Lohmann Breeders GmbH, Cuxhaven, 
Germany. 

We studied the influence of the digestible lysine to 
AMEn ratio (DLys:ME) and the inclusion of oat hulls (OH) in 
the diet on growth performance and on the development of 
the gastrointestinal tract (GIT) of white (Lohmann LSL Ultra) 
and brown (Lohmann Brown Extra) egg pullets from 0 to 15 
wk of age. The feeding program consisted of 3 phases: 0 to 
5 wk, 6 to 10 wk, and 11 to 15 wk of age. The control diets 
for each phase were formulated according to FEDNA (2018) 
recommendations, were based on corn and soybean meal, 
and contained 19.3, 16.9, and 14.0% CP, 0.96, 0.73, and 
0.52% DLys, and 3,020, 2,930, and 2,895 kcal AMEn/kg, 
respectively. For each phase, the experimental diets 
resulted from the inclusion of 3.0, 4.0, or 5.0% OH at the 
expenses (wt:wt) of the control diet. The experimental 
design was completely randomized with 8 treatments 
arranged as a 2 × 2 × 2 factorial with pullet type, DLys:ME 
ratio, and OH inclusion as main effects. Each treatment was 
replicated 10 times and the experimental unit was a cage 
with 14 birds. Pullet performance [ADFI, BW gain, FCR, EI 
(AMEn/d), and ECR (AMEn/g BW gain)] was determined by 
feeding phase and cumulatively. In addition, at the end of 
each feeding phase the proventriculus and the gizzard, with 
their contents, were excised and weighed. The data are 
presented in absolute (g) and relative (%BW) terms. 
Cumulatively, as expected, growth performance traits were 
better for the brown than for the white pullets (P<0.001). BW 
uniformity, however, was better for the white pullets. 
(P<0.001). An increase in the DLys:ME ratio reduced EI 
(P<0.05) and tended to improve FCR (P<0.10) and ECR 

(P<0.10), without having any effect on the GIT traits studied. 
The inclusion of OH in the diet increased FI (P<0.001) and 
impaired FCR (P<0.001) but did not affect ECR. Also, OH 
inclusion increased gizzard weight (P<0.001) and reduced 
gizzard pH (P<0.01). From 0 to 5 wk of age, OH inclusion 
increased FI (P<0.001) and BW gain (P<0.05) and improved 
ECR (P<0.01) of the pullets. The inclusion of OH increased 
gizzard weight (P<0.001) in absolute and relative terms. 
Also, OH inclusion reduced gizzard pH (P<0.10). In 
summary, growth performance was better for the brown than 
for the white pullets. An increase in the DLys:ME ratio of the 
diet decreased EI and improved FCR and ECR from 0 to 5 
wk of age but not thereafter. An increase in the DLys:ME 
ratio of the diet did not affect any of the GIT traits studied. 
Oat hulls inclusion did not affect BW gain or ECR of the 
pullets but increased gizzard weight and reduced gizzard pH 
at all ages. 

490P Evaluating the most effective water treatment 
antimicrobial on Salmonella in broilers during grow-
out. Sarah E. Kareem*1, Tolulope T. Ogundipe1, Tomi 
Obe1; 1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States. 

Despite Salmonella control strategies during poultry 
processing, there hasn’t been a significant reduction in 
salmonellosis. Reducing microbial load at pre-harvest could 
be beneficial to mitigation strategies at processing. A 
common pre-harvest management practice is water 
treatment to reduce the build-up of organic materials and 
biofilm in the water lines. This can also be used to target 
foodborne pathogens like Salmonella. The goal of this 
preliminary study was to evaluate the inhibitory effect of 
common antimicrobial water treatment used in the industry 
on diverse Salmonella isolates. Three water treatment 
antimicrobials; peroxide-based (PB), hypochlorite-based 
(HB), and peroxyacid-based (PAB) were evaluated 
according to the manufacturer’s instructions using the 
industry standards on two isolates each of 
six Salmonella serotypes in the top 10% of public health 
significance, including Enteritidis, Heidelberg, Infantis, 
Kentucky, Newport, and Typhimurium. These isolates were 
obtained from either different sources or at different times. 
The tolerance of each isolate to the antimicrobials was 
determined by their minimum inhibitory and bactericidal 
concentrations (MIC & MBC) using the broth microdilution 
method according to the CLSI guidelines; and the biofilm 
formation in minimal media was determined in buffered 
peptone water using the crystal violet assay (OD600nm) at 
30°C for 48h. The data was analyzed with GLM procedure 
of ANOVA and means separation by Tukey’s HSD at 5% 
significance level (SASv.9.4). The isolates response to PB 
treatment (mean MIC/MBC =12.11/12.59 ppm) significantly 
differed (p<0.05) and serotypes Enteritidis, Infantis, 
Newport, and Typhimurium had a higher tolerance than 
Heidelberg and Kentucky. Whereas there was no difference 
in tolerance of all isolates to HB (74.77/102.23 ppm, p>0.05) 
and PAB (8.87/9.54 ppm, p>0.05). Both isolates of two 
serotypes (Infantis and Newport) were different in their 
biofilm formation (p<0.0001). Overall, Infantis and Newport 
produced more biofilm (mean OD600 = 0.70 and 0.66, 
respectively) than Enteritidis, Heidelberg, Kentucky, and 
Typhimurium (0.42, 0.33, 0.60, and 0.44, respectively). The 
MIC and MBC of all isolates for PB and PAB were below the 
concentration used in the industry for water line descaling 
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(36.6-73.2 ppm) compared to HB (<50 ppm) and showed 
that these two antimicrobials can be used at a lower 
concentration as an effective water treatment to 
control Salmonella at pre-harvest. Since biofilm formation in 
poultry house water lines is a common problem, the future 
directions include testing these concentrations for PB and 
PAB on reducing Salmonella biofilm on polyvinyl chloride 
(PVC) pipe in-vitro and as a water treatment in broiler flocks. 

491P Comparing the effects of diet type and non-
phytate phosphorous level on the quality of stored 
eggs. Grace M. Perrin*1, Malia E. Jones3, Michael Ford2, 
David Gillespie2, Jacquline Jacob5, Anthony Pescatore4, 
Sunday Adedokun2; 1University of Kentucky, Animal and 
Food Sciences, Lexington, Kentucky, United States; 
2University of Kentucky, Animal and Food Sciences, 
Lexington, Kentucky, United States; 3University of Kentucky, 
Johnstown, Ohio, United States; 4University of Kentucky, 
Animal and Food Sciences, Lexington, Kentucky, United 
States; 5University of Kentucky, Animal and Food Sciences, 
Lexington, Kentucky, United States. 

The aim of this study was to evaluate the effects of diet type 
and non-phytate phosphorous (nPP) level on egg quality. 
Laying hens (white leghorns) were fed either a corn-SBM- or 
wheat-corn-SBM-based diet each containing three levels of 
nPP (90, 100, or 110% of requirement) from wk 12 of age 
until wk 52 when egg samples were collected. Nutrient and 
energy levels of the diets were adjusted for age. Hens (504) 
were arranged in a randomized complete block design with 
location as the blocking factor with seven replicate per 
treatment with 12 hens per replicate. One sets of six eggs 
per replicate were collected on week 52 (36-wk of lay). All 
eggs were weighed individually on day 0 (within 24 hours of 
collection) and stored at 4 oC for 45 days after which they 
were brought out of the refrigerator, allowed to warm up to 
the room temperature (for 2-3 hours), weighed, and 
processed. Egg quality parameters measured included egg 
weight, yolk, albumen, and eggshell weights from which their 
respective percentages were calculated. Egg breaking 
strength, yolk color, albumin height, and Haugh unit were 
also determined. The PROC GLM procedure of SAS 
appropriate for factorial arrangement of treatments was used 
to analyze the data. When necessary, means were 
separated using Tukey’s test. Eggs from bird fed the wheat-
corn-SBM-based diet had higher (P < 0.05) Haugh unit than 
eggs from hens on the corn-SBM-based diet. The intensity 
of the yolk color decreased (P < 0.05 (with increasing level 
of nPP in the diet. Additionally, there was a tendency for the 
albumen height of the eggs from birds fed corn-SBM-based 
diet to be lower (P = 0.051) compared to hens on wheat-
corn-SBM-based diets. Significant interactions between diet 
type and nPP levels were observed for fresh egg weight and 
eggshell breaking strength (ESBS). The egg weight and 
EBS was higher (P < 0.05) for the hens fed wheat-corn-
SBM-based diet containing 90% of nPP compared with birds 
fed corn-SBM-based diet with 100% nPP. Results from this 
study showed that aside from the effects of nPP level on yolk 
color, diet type on Haugh unit, and the interactions between 
diet type and nPP level (fresh egg weight and ESBS), there 
was largely no difference in the quality of eggs after a 45 day 
storage. 

492P Bathing in oils and acids: How combining natural 
antimicrobials demonstrate synergy in combating 

aflatoxin cContamination Anthony Pokoo-Aikins*1, 
Timothy Satterlee1, Callie McDonough1, Chongxiao Chen2, 
Scott Gold1, Anthony Glenn1; 1USDA ARS, Toxicology & 
Mycotoxin Research Unit, Watkinsville GA, Georgia, United 
States; 2University of Georgia, Poultry Science, Athens, 
Georgia, United States. 

Organic acids and essential oils are commonly used in the 
poultry industry as antimicrobials and for their beneficial 
effects on gut health, growth performance, and meat quality. 
A common postharvest storage fungal colonist, Aspergillus 
flavus, contaminates poultry feed with the highly toxic 
aflatoxin mycotoxin. Aflatoxin adversely affects poultry feed 
intake, feed conversion efficiency, weight gain, egg 
production, fertility, hatchability, and poultry meat yield. 
Organic acids such as acetic acid have been reported to 
inhibit the growth of Aspergillus spp. isolated from poultry 
feed. Essential oils have also been shown to suppress A. 
flavus growth. With this in mind, we decided to evaluate if 
synergy between combined essential oils (cinnamon and 
lemongrass) and organic acids (acetic, butyric, and 
propionic acids) could further decrease aflatoxin 
contamination in poultry feed. To determine the Minimum 
inhibitory concentration (MIC) of each acid, 24 well plates 
were used. The respective organic acid concentration was 
added to each well along with PDA to a volume of 1 mL. 5 
µL of 106 spores/mL of A. flavus were added to the plates 
and stored in the dark at 28°C for 5 days. Concentrations of 
each acid were done in replicates of four. For the essential 
oils, 25 mL of PDA was added to a 100 mm petri dish and 
seeded with A. flavus in the four cardinal points and center 
of the dish. The essential oils were added to Whatman filter 
discs and placed on the lid of the petri dish. Dishes were 
done in replicates of four and stored upside down at 28°C in 
the dark for five days. On day 5, plates were examined for 
growth. No growth was considered effective, while growth 
was considered ineffective. After determining the (MIC) of 
both acids (butyric= 0.10%; acetic= 0.25%, propionic= 
0.15%) and essential oils (Lemongrass= 250 µL/L air; 
Cinnamon= 1000 µL/L air), combinations of ½, 1/4/, 1/8, and 
1/16 of both the acids and essential oils were examined. For 
the synergy study, the method for essential oil MIC was 
repeated with the addition of the respective acid added to 
the PDA. Under in vitro settings, combinations at or below 
50% of each MIC were shown to completely inhibit the 
growth of A. flavus. The lowest effective concentrations of all 
organic acids were at 1/16 MIC (Acetic acid= 0.015625%; 
butyric acid= 0.00625%; propionic acid= 0.009375%) when 
combined with either essential oil at their respective ½ MIC 
(Lemongrass= 125 µL/L air; Cinnamon= 500 µL/L air). With 
the evident strong synergism demonstrated, combining 
essential oils and organic acids creates an effective natural 
method for controlling postharvest aflatoxin contamination in 
poultry feed. This strategy has a potential application in 
poultry feed. 

493P Effect of different ileal content collection 
methods on ileal amino acid digestibility coefficients 
determination in broiler chickens. Santiago Sasia*1, 
Christina Vogel1, Isabelle Raymond1, Cara Coker1, Sara 
Grooms1, William Bridges2, Mireille Arguelles 
Ramos1; 1Clemson University, Animal and Veterinary Sc., 
Clemson, South Carolina, United States; 2Clemson 
University, Mathematical and Statistical Sciences, Clemson, 
South Carolina, United States. 
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Standardizing experimental protocols when studying amino 
acid (AA) digestibility in broiler chickens would allow better 
replicability and the determination of reliable and accurate 
nutrient values. This study aimed to compare the 
effectiveness of two collection methods (CM) to obtain ileal 
content from broiler chickens to determine apparent ileal AA 
digestibility coefficients (AIAAD). CM1 consisted of 
collecting the digesta by gently squeezing the ileum, while in 
CM2 ileal digesta was flushed with distilled water. A total of 
130-day-old male chicks were randomly distributed in an 
environmentally controlled facility among 2 batteries of 5 
cages each. Each cage had 13 birds, and 5 replicate cages 
per CM were used in the trial. The birds were fed ad-
libitum with a standard crumbled starter diet from 0-18 d-of-
age. At 18d, birds were weighed and fed a corn-based semi-
purified diet with 0.5% TiO2 as the indigestible marker. After 
a 4-day acclimatization period (21d), all birds per cage were 
weighed and euthanized using CO2, followed by ileal digesta 
collection. Performance parameters such as body weight, 
feed intake, feed conversion ratio, and mortality were 
assessed throughout the study to ensure that all birds were 
evaluated under the same conditions. Ileum content 
samples were collected, pooled by cage, freeze-dried, and 
sent for lab analysis to determine AA and Ti content to 
calculate digestibility coefficients. The experiment was a 
completely randomized design, and each cage was 
considered the experimental unit. One-way ANOVA followed 
by Fisher's LSD procedure was used to determine if 
differences existed among the CMs means, and a 2-sided F 
Test was performed to compare the variances of the CMs. 
All significant differences were considered at a p-value less 
than 0.05. Bird performance was similar for both groups 
throughout the experiment (P > 0.05). No significant 
differences in AIAAD coefficients were observed between 
methods for most of the AA analyzed, with the exception of 
Aspartic Acid coefficient, which was higher when using CM2 
than CM1 (P < 0.05). The variances of AIAAD coefficients 
were similar between CMs for the majority of AA, although 
Glycine and Alanine exhibited higher variances when CM1 
was performed (P < 0.05). The AIAAD coefficients obtained 
using the CM1 also yielded higher standard deviations in 
some cases driven by the presence of outliers, increasing 
the variability of results. In conclusion, even though no 
significant differences between CMs were observed for most 
AIAAD coefficients, using CM2 (flushing with distilled water) 
would provide more consistent results, reducing the margin 
of error. 

494P Effect of selected phytogenic extracts on the 
activity of Clostridium perfringens toxins associated 
with necrotic enteritis. Paul Omaliko*1, Md Maruf Khan1, 
Adedeji O. Adetunji1, Yewande Fasina1; 1North Carolina 
A&T State University, Greensboro, North Carolina, United 
States. 

Clostridium perfringens (CP) is a toxin-releasing bacteria 
spp. that cause necrotic enteritis (NE) in chickens. With the 
restriction in the use of in-fed antibiotics, the use of 
phytogenic feed additives as alternatives is on the rise due 
to their constituent bioactive compounds. In this study, we 
compared the antimicrobial potency of selected plant 
extracts received as gifts from Sabinsa Corporation (East 
Windsor, NJ), namely Ginger root (GRE) and Green tea 
(GTEC- caffeinated and GTED-Decaffeinated) to that of 
bacitracin methylene disalicylate (BMD) antibiotic (Zoetis 

Services LLC, Parsipanny, NJ). To this end, we incubated 
CP culture (G19 strain, Rollins Diagnostic Lab, Raleigh, 
USA) with or without BMD, GRE, GTEC, and GTED (n=3 per 
treatment) for 0, 2, 4, 6, 8, and 24 h. During incubation, 
samples of the culture at the time-points specified were 
collected and subjected to microbiological procedures to 
anaerobically enumerate CP on trypose sulfite cycloserine 
agar. RNA was extracted from the cultures and subjected to 
RT-PCR procedures to determine the expression of TpeL, 
Alpha-toxin and NetB toxin genes. The concentration of 
NetB toxin protein was also determined in these culture 
samples using ELISA. Result showed that the minimum 
inhibitory concentration (MIC) of GRE, GTEC and GTED for 
CP19 was 5 mg/mL, while that of BMD was 0.0625 mg/mL 
at an 8 h time point. Compared to the control (7.08 log10 CFU 
of CP19 / mL) there was an ideal reduction in CP19 
concentration in GRE- (2.24 log10 CFU/mL), GTEC- (3.11 
log10 CFU/mL), GTED- (3.39 log10 CFU/mL), and BMD- 
(3.21 log10 CFU/mL) treated cultures. RT-PCR data showed 
that phytogenic extracts GRE, GTEC and GTED significantly 
reduced the expression level of Alpha-toxin gene (P < 0.05; 
0.81 – 0.83), compared to control (1.00), with BMD having a 
more potent effect (0.69). Furthermore, GRE and GTED 
showed similar potency (P > 0.05) to BMD in reducing the 
expression of NetB and TpeL encoding toxin genes. In 
contrast, GTEC treatment was similar (P > 0.05) to control in 
the expression of these genes. ELISA results showed that 
BMD (0.15 ng/mL), and to a lesser extent, GTEC, GTED, 
GRE reduced (P < 0.05) the concentration of NetB- toxin 
protein (0.17 – 0.21 ng/mL) compared to control 
(0.24 ng/mL). In conclusion, our data showed that like BMD, 
these phytogenic extracts (GRE and GTED, and GTEC) 
reduced CP19 proliferation albeit at higher concentrations, 
and reduced expression of NE toxin encoding gene and 
NetB protein. With the risk associated with the use of 
antibiotics in the prevention and treatment of NE disease, 
GRE, GTED, and GTEC could serve as alternative(s) to 
antibiotics in broiler chicken production. 

495P Understanding PAA efficacy on Salmonella 
reductions during immersion chilling at varied pH and 
air agitation levels. Stephanie Richter*1, Lance Barrett1, 
Stephen Casarella1, Jordan Ash1, Daniel Sabo2; 1Georgia 
Tech Research Institute, Atlanta, Georgia, United 
States; 2Georgia Tech Research Institute, Atlanta, Georgia, 
United States. 

The poultry industry utilizes peracetic acid (PAA) as an 
antimicrobial in an effort to control microbial contamination. 
It’s been shown that PAA’s efficacy is highly variable given 
chiller conditions. These variables and their impact are 
poorly understood. This study builds upon a multi-year 
project examining PAA’s chemical stability against water 
factors that vary in the chiller throughout the processing day. 
This year, two test variables were investigated to 
optimize Salmonella reduction: pH and air agitation level in 
chillers. Each experiment tested pH 4, 7, and 10. Air 
agitation levels were applied at low, medium, or high. All 
experiments used unprocessed poultry parts (wing, 
drumette, and drum). The parts were inoculated by dipping 
into phosphate buffered saline (PBS) with Salmonella 
Typhimurium at 105 cfu/mL for 10 seconds. Parts were 
drained on a rack for 2 minutes, covered, and incubated at 
37 C for 60 minutes to allow for attachment. Post incubation, 
parts were randomized into four groups (n=15/group): 
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control, pH 4, pH 7, or pH 10 at predefined air agitation level. 
All parts, excluding the control group, were chilled for 60 
minutes at 100 ppm PAA with pH adjusted to 4, 7, or 10. 
Post-chill, samples were individually put in a plastic bag 
containing 50 mL neutralizing buffered peptone 
water. Salmonella was recovered by vigorously shaking 
each bag for 60 seconds. All samples were serially diluted in 
PBS. Three dilutions were plated per sample 
(duplicates/dilution) on 3M aerobic Petrifilm®. Plate counted 
using a colony imaging station with the same ID template for 
all tests. Dilution plates best fitting the counting range of 10-
150 cfu/mL were used for each sample. Counts were 
averaged and dilution factor was included in final counts. 
Statistical analysis used one-way ANOVA with Tukey HSD 
considering mean ± SD (p-value = ≤ 0.05. Initial results show 
no significance between pH groups within the same agitation 
level p>0.58. Significance was seen when comparing 
agitation level test, p<0.01. Results indict that with increased 
air agitation levels, pH 4, 7 and 10 had higher pathogen 
reduction. High agitation yielding the highest reductions with 
1.88, 2.33, 2.15 log reductions (pH 4, 7, and 10). Initial 
results show agitation plays a bigger impact on pathogen 
reduction levels before considering pH. 

496P Effect of experimental coccidiosis and necrotic 
enteritis on broiler behavior during open-field test. Hari 
Marasini*1, Bingqi Dong1, Rami A. Dalloul1, Prafulla 
Regmi1; 1University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States. 

Gut inflammation and dysbiosis may affect emotion and 
cognition in animals. This study aimed to investigate whether 
experimental challenge 
with Eimeria maxima and Clostridium perfringens alter fear 
and anxiety response in broilers. A total of 288 Ross 708 
male broilers were randomly allocated to four treatment 
groups: NC, no pathogenic challenge; 
NC+, NC with pathogenic challenge; AIW, no pathogenic 
challenge, commercial postbiotic given via injection at 
embryonic D18 and through water post-hatch; 
and AIW+, AIW with pathogenic challenge. Each treatment 
comprised 6 replicate cages with 12 birds/cage in a BSL2 
facility. NC+ and AIW+ were orally challenged with 3,000 E. 
maximaoocysts at D14 followed with C. 
perfringens (~1×108 CFU/bird) at D19 and D20 post-hatch. 
An open field (OF) arena (180×180 cm) with 100 cm height 
divided into 9 square grids was designed to test the fear and 
anxiety response. A total of 12 birds per treatment (2 
birds/cage) were subjected to the OF test on D22 and D23. 
Bird behavior during the test period was recorded using an 
overhead CCTV camera. Latency to first vocalization (LV), 
latency to first movement (LM), latency to cross the starting 
grid (LSG) and number of lines crossed (LC) were quantified 
from video analysis. Data were analyzed using the Kruskal 
Wallis test in JMP Pro 16 statistical software. Data with P ≤ 
0.05 were considered significant. No differences were 
observed between treatments except AIW exhibiting longer 
LV, LSG, and lower LC compared to NC+ (P < 0.05). In this 
study, non-challenged birds (during AM) were tested in OF 
before the challenged groups (during PM) to avoid cross-
contamination. Broilers tested during AM showed 
significantly longer latency to vocalization (LV), movement 
(LM), starting grid (LSG), and lower number of lines crossed 
(LC) compared to those tested during PM (P < 0.05). As a 
result, the time-of-day made it difficult to determine the true 

effects of the treatment. Further study on the interaction 
between gut stress and behavior should account for diurnal 
variation. 

497P Proteomic signatures of Bacitracin Methylene 
Disalicylate (BMD) in the spleen of broiler 
chicks infected with Salmonella enteritidis. Adedeji O. 
Adetunji1, Tunde Ogundare*1, Theresa Casey2, Jackeline 
marmolejo2, Uma Aryal2, Yewande Fasina1; 1North Carolina 
A&T State University, Greensboro, North Carolina, United 
States; 2Purdue University, West Lafayette, Indiana, United 
States. 

Salmonella enteritidis (SE) infections cause great economic 
loss to poultry producers, as well as causing food borne 
gastroenteritis in humans. In feed antibiotics have been used 
as prophylaxis to mitigate intestinal Salmonella colonization 
in broiler chickens. Proteomic analysis by liquid 
chromatography tandem mass spectrometry (LC-MS/MS) 
was used to determine the effect of bacitracin antibiotic on 
the proteome of the spleen in SE-challenged broiler chicks. 
Day-old broilers (n = 240) were assigned 
treatments CON (no SE challenge) CON-SE (SE-
challenged), BMD (chicks given bacitracin at 0.055g/kg diet, 
but no SE challenge), and BMD-SE (chicks given bacitracin 
at 0.055g/kg diet with SE challenge). Each treatment had 4 
replicate pens, each housing 15 chicks. Chicks in the CON 
and BMD treatments were gavaged with sterile Tryptic soy 
broth, and CON-SE and BMD-SE chicks were gavaged with 
7.46 × 108 CFU SE /mL. On d 2 and d 5 post-challenge (PC), 
4 chicks / treatment were euthanized, and the spleen was 
aseptically removed and subjected to proteome analysis by 
label-free LC-MS/MS. Protein spectra were mapped 
to Gallus gallus Uniprot database. Differentially abundant 
proteins (FDR<0.1) between treatments were identified 
using ANOVA. Confirmation of infection was done by 
enumerating ceca SE. Results showed that chicks in CON-
SE and BMD-SE groups had 5.68 and 2.41 log10 CFU SE/g 
cecal content on d 3, and 3.39 and 2.41 log10 CFU SE/g 
cecal content on d 7, respectively, whereas SE was 
undetected in chicks in the CON and BMD treatments. 
Across all samples, 2,180 proteins were identified. BMD 
treatment had an overall effect on the abundance of 192 
proteins (FDR<0.1), out of which 115 increased and 77 
decreased in abundance. Proteins that decreased in 
abundance were associated with the fibrinogen complex and 
extracellular space. Proteins that increased in abundance 
were associated with proteasome-mediated ubiquitin-
dependent protein catabolic processes, nucleotide excision 
repair, and ATP binding. Analysis of the interaction between 
BMD and SE challenge found abundance of 230 proteins at 
FDR<0.1. The proteins that increased in abundance 
influenced RNA binding, spliceosome, and cell adhesion. 
Proteins that decreased in abundance were associated with 
protein folding, response to oxidative stress, and 
inflammatory response. Overall, proteomic signatures of 
spleen suggest that BMD acts in a manner that inhibits 
processes that are associated with inducing inflammatory 
responses or cytokine recruitment, such as autophagy and 
bacterial cell wall rupture. However, it ensures efficient 
mRNA splicing as well as protein synthesis processes that 
promote cell cycle progression and protein homeostasis in 
the presence of infection. 
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498P Effect of different levels of dietary calcium on 
femur and keel bone mineralization of Hy-Line W-36 
laying hens at post-peak production. Milan K. Sharma*1, 
Deependra Paneru3, Woo K. Kim2; 1University of Georgia, 
Department of Poultry Science, Athens, Georgia, United 
States; 2University of Georgia, Athens, Georgia, United 
States; 3University of Georgia, Department of Poultry 
Science, Athens, Georgia, United States. 

In recent years, there has been a growing concern for the 
welfare of laying hens in cage-free housing environments 
due to an increase in keel bone fractures. One of the primary 
causes of these fractures is thought to be abnormal bone 
metabolism resulting from improper calcium homeostasis. 
An experiment was conducted to evaluate the different 
levels of dietary calcium on performance, external egg 
quality, and femur and keel bone mineralization of Hy-Line 
W-36 laying hens at post-peak production. A total of 100 38-
week-old Hy-Line W-36 laying hens were randomly 
distributed into four treatments with five replicates at 
different levels of dietary calcium (4.3%, 3.3%, 2.3%, and 
1.3%). Production performance and external egg quality 
were measured every week for five weeks. Femur and keel 
bone mineralization were measured using the X-ray 
microtomography at 1, 3, and 5 weeks of the study. Data 
obtained were analyzed using the one-way ANOVA, and 
orthogonal polynomial contrast was used to evaluate the 
effect of increasing levels of dietary calcium on measured 
parameters. Hen day egg production was significantly 
different starting at week three, where 1.3% of dietary 
calcium level had the lowest egg production compared to 
other treatments (P<0.05). However, the egg external 
quality, including eggshell percentage and thickness, was 
reduced linearly with decreasing dietary calcium levels 
starting the first week (P<0.05). Furthermore, bone mineral 
content (BMC) was reduced linearly in all sections of the 
femur (cortical, trabecular, and medullary bone), while bone 
mineral density (BMD) was reduced in medullary bone 
(P<0.05). Bone volume (BV) decreased with reduced 
dietary calcium levels in cortical and trabecular bone, but it 
was maintained at the same level as the normal calcium 
level in the medullary bone. In addition, BMD, BMC, and BV 
was reduced linearly with decreasing dietary calcium levels, 
whereas the total volume of pores and porosity percentage 
increased linearly (P<0.05). The findings suggest that 
commercial laying hens attempt to produce eggs even at 
deficient levels of dietary calcium by mobilizing calcium from 
their bone reserves including keel bones. Despite a low 
dietary calcium intake, the medullary BV was maintained at 
the same level compared to birds with normal calcium intake. 
However, BMC was significantly reduced, indicating that the 
medullary bone may prioritize calcium for eggshell formation 
over skeletal integrity. Nevertheless, it was also observed 
that keel bone was also affected by decreased dietary 
calcium levels, indicating that it is equally susceptible to 
calcium resorption during improper calcium homeostasis to 
maintain the serum calcium level while facilitating eggshell 
formation. 

499P Efficacy of 405 nm light in 
inactivating Campylobacter jejuni and its impact on 
broiler meat quality. Sabin Poudel*1, Linan Jia1, Xue 
Zhang2, Anuraj Sukumaran1, Wes Schilling2, Li Zhang1; 
1Mississippi State University, Department of Poultry 
Science, Mississippi State, Mississippi, United 

States; 2Mississippi State University, Department of Food 
Science, Nutrition and Health Promotion, Mississippi State, 
Mississippi, United States. 

Campylobacter jejuni (C. jejuni) causes gastroenteritis in 
humans, and chicken meat is the major contributor to 
human Campylobacteriosis. Concerns about C. jejuni have 
increased recently due to the ban of antimicrobials in poultry 
diets. Light at a wavelength of 405 nm possesses 
bactericidal effects and is safe for human exposure. The 
objective of this research was to evaluate efficacy of 
alternative 405 nm light at controlling C. jejuni in chicken 
meat and its effects on broiler meat quality. C. 
jejuni ATCC29428 was cultured on Bolton broth and its 
OD600 was adjusted to ~0.2 (concentration of ~8 
log10 Cfu/ml). A 100 µl of C. jejuni at 106 CFU/ml was plated 
on Campylobacter Agar Base plates and inoculated plates 
were exposed to the LUKA405P light, which generates 405 
nm light. Inoculated plates were kept at varying distances 
ranging between 0.5 to 1 m from the light source with 
different exposure times ranging from 0 to 60 min. Treated 
plates were incubated under microaerophilic conditions at 
42°C for 42 h, colonies were counted. To test the effects of 
light on meat quality, the broiler breast meat was exposed to 
light at varying distances for 30 min and compared with the 
non-exposed control for color, pH, and descriptive sensory 
analysis. The data obtained from the colony count, color, and 
pH measurements were analyzed using the GLM Procedure, 
with means separated by the Fisher’s Protected LSD. A 
triangle test was conducted to evaluate if the 405 nm light 
exposure affected meat sensory quality. Data were analyzed 
using a Chi-square test and compared with the critical Chi-
square value of 3.84 (df = 1). Exposure of C. jejuni plates 
under 405 nm light at 1.0, 0.75, and 0.5 m distances longer 
than 40 min significantly reduced the growth of bacteria 
approx. 2 log10 Cfu compared to 0 min of exposure 
irrespective of light distance (P = 0.0041, < 0.0001, and = 
0.0024, respectively). The percentage of reduction at 40 min 
range between 52% to 67% for measured distance. There 
was no difference (P > 0.05) between control and treatment 
samples with respect to L* (lightness), a* (redness), b* 
(yellowness), and pH of chicken breast samples. Similarly, 
the exposure to 405 nm light did not alter the overall eating 
experiences of poultry meat as the trained sensory 
specialists could not distinguish the difference between 
control and treated chicken breast samples (P > 0.05). In 
conclusion, 405 nm light can be utilized to inhibit the growth 
of bacteria without affecting the quality of chicken meat. 
These results provide novel prospects and alternatives for 
the control of C. jejuni. Future research is needed to validate 
the effectiveness of light in a commercial setting such as 
under retail counters or refrigerators. 

500P Evaluating microbial population associated with 
poultry environments for pre-harvest 
interventions. Tolulope T. Ogundipe*1, Samantha Beitia1, 
Tomi Obe1; 1University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States. 

While progress has been made on post-harvest control 
of Salmonella in the poultry industry, there is still a need to 
develop effective interventions to reduce foodborne 
pathogens at pre-harvest. Understanding the microbiota of 
potential bacterial harborage sites like litter and waterlines in 
the poultry production environments could be beneficial to 
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developing effective pre-harvest approaches 
for Salmonella reduction. Hence, in this preliminary study, 
we sought to determine the microbial population of poultry 
litter environments and water lines biofilm to develop water 
treatment procedures and reduce microbial load of 
foodborne pathogens at pre-harvest. Two commercial 
poultry farms with three houses on each farm were visited 
for a total of 6 houses. In each house, two pairs of boot 
swabs were collected for a total of 12 bootswabs; and using 
a borescope, we confirmed the presence of biofilm in the 
water lines and a sponge swab was used to collect the 
biofilm from four water lines for a total of 24 water line swabs. 
All samples were analyzed for Salmonella presence and 
quantity and the water swabs for total aerobic bacterial count 
(APC). Genomic DNA was extracted from all samples and 
the full length of 16S rRNA was amplified using PCR and 
sequenced to determine the microbial population. The data 
was analyzed with the GLM procedure of ANOVA and 
means were separated with Tukey’s HSD at p<0.05. All the 
bootswab samples were positive for Salmonella while the 
water line swabs were negative, indicating the presence 
of Salmonella in the litter environment of all the houses 
sampled. Salmonella quantity differed between the farms 
(p=0.01) with an average quantity of 2.22 and 5.16 LogCFU 
for Farms 1 and 2, respectively, while there were no 
differences in the interaction between the farms and houses 
(p=0.93). Moreover, Farm 1 significantly (p=0.019) had a 
higher APC (6.7 LogCFU/ml) compared to Farm 2 (4.19 
LogCFU/ml). The litter microbiome was more diverse with 
more bacterial species than the water swabs. The most 
abundant bacterial genus in the litter samples 
was Aerococcus followed by Staphylococcus, 
and Lactobacillus while the water swabs was 
predominantly Bacillus, which explains the presence of 
biofilm in the water line as Bacillus species are known 
biofilm formers and can help 
reduce Salmonella colonization. Though a small study, 
these initial data suggests that water lines can be a target for 
pre-harvest Salmonella interventions. The future directions 
are to evaluate additional farms and determine an effective 
water treatment approach. 

501P Application of Caprylic acid nanoemulsion for 
controlling Salmonella Enteritidis biofilm in poultry 
processing environment. Chetna T. Shah*1, 
Trushenkumar M. Shah1, Abhinav Upadhyay1; 1University of 
Connecticut, Animal Science, Storrs, Connecticut, United 
States. 

Salmonella Enteritidis (SE) is a major poultry-associated 
foodborne pathogen in the United States that is strongly 
linked with the consumption of contaminated poultry 
products. SE can form sanitizer tolerant biofilms on various 
surfaces and temperature ranges that leads to product 
contamination and subsequent human infections. Thus, SE 
biofilms are a significant food safety hazard. Conventional 
sanitization methods are not completely effective in killing 
SE biofilms. Caprylic acid (CA) is a Generally Recognized 
as Safe-status phytochemical naturally present in coconut 
oil. This study investigated the efficacy of CA in inactivating 
SE biofilms developed on stainless steel and polystyrene 
surface. CA efficacy was tested both in its natural form and 
as nanoemulsion. In addition, the effect of CA on expression 
of biofilm associated genes was studied using real-time 
quantitative PCR. 

Caprylic acid nanoemulsion (CANE) was prepared using a 
high energy sonication method with Gum Arabic and lecithin 
as emulsifier. Mature SE biofilms were developed on 
stainless steel coupons and 24 wells polystyrene plate 
surface at 25°C followed by CANE or CA wash treatments 
(0.2 and 0.4%) for 1- or 15-min. Surviving SE in the biofilms 
were enumerated using a glass-bead based extraction 
method followed by enumeration on XLD agar. All 
treatments had triplicate samples and study was repeated 
twice. Data was analyzed using two-way-ANOVA. Results 
were considered statistically significant at P < 0.05. 
Both CANE and CA treatments were effective in significantly 
reducing SE in biofilm, as early as 1 min of treatment time 
(P<0.05). CANE 0.2 and 0.4 % reduced pathogen population 
by ~5 or 6 log CFU/ml whereas CA 0.2 and 0.4 % reduced 
SE counts by ~ 2 or 3 log CFU/ml as early as 1 min of 
treatment (P<0.05). After 15 min of exposure period, CA 0.2 
& 0.4 % did not reduce SE count further however 0.4 % 
CANE further reduced pathogen population by ~6.5 log 
CFU/ml (P<0.05). Caprylic acid downregulated the 
expression of SE genes (sipA, flhD, csgA, 
csgD and sdiA) responsible for attachment and biofilm 
formation (P<0.05). Follow up analysis on the effect of 
treatments on quorum sensing of SE as well as on corrosion 
potential of steel surface is currently underway. 
Results indicate that CANE could potentially be used as a 
natural sanitizer to inactivate SE biofilm. 

502P Broiler chick supplemental feeding systems 
comparing paper and trays. Mitchell Vaught*1, Michael T. 
Kidd2, Chad Hayes1; 1University of Arkansas, Springdale, 
Arkansas, United States; 2University of Arkansas, 
Fayetteville, Arkansas, United States. 

The objective of this research was to compare broiler chick 
performance when fed supplemental feed via trays vs paper. 
Previous research has indicated that early availability to feed 
leads to the development of larger bird weight over time. 
However, research in broiler chicks comparing paper vs tray 
feeding systems is sparse. Therefore, three experiments 
were conducted to assess the former: experiment (Exp.) 1 
utilized three commercial broiler houses with the houses split 
in two sections (one section using paper, one section using 
trays) by a migration fence (6 replications); Exp. 2 utilized 16 
cross-house pens measuring 5 x 20 ft. per pen with each 
treatment distributed evenly (8 replications); and Exp. 3 
utilized 16 pens measuring 3 x 8 ft with each treatment 
distributed evenly (8 replications). Live performance 
(specifically looking at FCR and BWG) and carcass 
attributes were measured in all experiments. In addition, 
water intake was measured in Exp. 3. Feeder treatments 
were tested from placement to 10 d of age and birds were 
grown to market age (d 48). Live performance and 
processing did not differ by treatment in Exp. 1, 2, or 3. 
However, in Exp. 1 chicks fed supplemental feed via P vs T 
had a value in mortality moving towards significance. In 
conclusion, with no significant differences between the two 
systems, P is a viable alternative to using T. However, P type 
and size warrants future comparisons to T for the 
assessments of mortality and ending BW. 

503P Egg quality of cage-free laying hens fed different 
levels of protein. Cristiane S. Araujo*1, Mylena Dias4, Lucio 
F. Araujo2, Carlos A. Granghelli3, Mario H. Lopes2, Giovana 
M. Longhini2, Raimundo G. Ferreira Netto2, Airton R. 
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Prezoto2, Isabela E. Silva2, Vitor S. Paes2, Marcelo O. 
Viviani2; 1University of Sao Paulo, Nutrition and Animal 
Science, Pirassununga, Sao Paulo, Brazil; 2University of 
Sao Paulo, Animal Science, Pirassununga, Sao Paulo, 
Brazil; 3University of Sao Paulo, Animal Science, Cardoso, 
Sao Paulo, Brazil; 4Agroceres Multimix, Rio Claro, Brazil. 

One of the main challenges of bird’s nutrition is, in general, 
to provide them food capable of meeting the needs of the 
organism, ensuring growth, health, and well-being with 
maximum efficiency and minimal loss of nutrients to the 
environment. In this context, a study aimed to determine the 
crude protein (CP) requirement of commercial laying hens 
raised in the cage-free system. For this purpose, a trial was 
carried out using 524 24-week-old Hy-Line Brown layers, 
distributed in a completely randomized design, with 
treatments, six replicates of 18 birds per experimental unit. 
Experimental period totaled four cycles of 28 days, ranging 
from wk 24 to 40. Five dietary treatments varying in CP 
content (14, 15, 16, 17, and 18%) were formulated 
increasing soybean meal inclusion to achieve CP increment. 
Concentration of energy and amino acids were similar. Total 
egg production, egg weight, eggshell strength, albumen 
height, yolk color, and Haugh units were evaluated. All data 
were submitted to analysis of variance using the MIXED 
procedure to test the effects of dietary crude protein levels. 
Data were evaluated using SAS, and statistical significance 
was considered at a P-value of 0.05. A polynomial 
regression was performed when the analyzed factor showed 
significant effect. There were no statistical differences for 
any characteristics evaluated. According to the results, the 
reduction in protein levels did not negatively affect the 
parameters evaluated. 

504P Assessing diversity of pathogenic and non-
pathogenic strains of Enterococcus cecorum recovered 
from broiler chickens. David Radtke*1, Jodi Delago1, 
Jessica Stellberg1, Mueez Ahmad1, Enid McKinley1, 
Alexandra H. Smith1; 1Arm & Hammer, Milwaukee, 
Wisconsin, United States. 

Pathogenic strains of Enterococcus cecorum are a 
significant cause of morbidity and mortality in broiler 
chickens, resulting in large economic losses. Although 
research is on-going, the pathogenic mechanisms of E. 
cecorum are largely unknown. At present, E. 
cecorum strains are generally considered pathogenic when 
recovered from extraintestinal tissues and are considered 
commensal when recovered from gastrointestinal (GIT) 
samples. E. cecorum is commonly found in the intestinal 
microbiota of broilers, and several virulence factors have 
been proposed that help the pathogen translocate to 
extraintestinal tissues. One such virulence factor 
is cpsO encoded capsular polysaccharide synthesis protein 
which studies have shown is commonly found in isolates 
recovered from infected joints but rarely in GIT isolates. To 
better understand the differences between GIT and 
extraintestinal E. cecorum isolates, 349 isolates from 7 
broiler complexes, as well as turkey oviducts were analyzed 
to determine carriage of the putative virulence gene, cpsO. 
Genetic diversity was assessed using RAPD-PCR (Random 
Amplified Polymorphic DNA) as was the susceptibility of 
isolates to Bacillus bacteriocins. The prevalence 
of cpsO was determined by PCR. E. cecorum Isolates from 
broiler GITs and extraintestinal tissue (femurs, spines, 

livers), as well as isolates recovered from turkey oviducts 
were evaluated. A Fisher’s exact test comparing the 
prevalence of cpsO among sample types showed a 
significant difference (p<.0001) with cpsO occurring in 
81.01% of extraintestinal isolates and 3.03% of GIT isolates. 
The cpsO gene was not found in any isolates recovered 
from turkey oviducts. RAPD-PCR analysis showed that 
isolates recovered from GITs were more diverse, often 
forming smaller clusters which contained 1-2 isolates. 
However, almost half of the isolates recovered from GITs 
clustered with extraintestinal isolates, and isolates 
containing the cpsO gene tended to cluster with isolates that 
lack the cpsO gene, indicating genetic similarity between 
groups. Susceptibility testing of the isolates against 
bacteriocins from 8 Bacillus strains indicated there was no 
difference in the susceptibility of extraintestinal isolates 
compared to GIT isolates. While most Bacillus strains poorly 
inhibited the E. cecorum isolates, 1 strain produced 
bacteriocins that strongly inhibited the growth of most of 
the E. cecorum isolates. Overall, this work shows that the 
virulence gene cpsO is abundant in extraintestinal isolates 
but rare in GIT isolates. However, RAPD analysis shows that 
there is genetic similarity between GIT and extraintestinal 
isolates and additional studies to better understand the 
genetic factors allowing isolates to cause disease are 
needed. 

505P An evaluation of the effects of Animal Feed Grade 
Sodium Bisulfate (AFG®) by replacement of Sodium 
Sesquicarbonate (S-Carb®) on broilers with or without a 
coccidiosis vaccine challenge. Juan C. Suarez*1, Bradley 
Turner3, Craig D. Coufal2; 1Jones-Hamilton Co, Walbridge, 
Ohio, United States; 2Jones-Hamilton Co., College Station, 
Texas, United States; 3Poultry Research Partners, Athens, 
Georgia, United States. 

Sodium is an essential nutrient for poultry and plays a critical 
role of many physiological responses. Chloride-free sodium 
sources can be an excellent nutritional strategy to meet 
requirements without raising chloride levels. The objective of 
this study was to investigate the effects of AFG® by 
replacing S-Carb® in the diets of broilers with or without an 
enteric challenge. Two trials (42 d each) were conducted in 
a commercial-type broiler house with built-up litter. Trial 1 
was conducted without a coccidiosis vaccine challenge, 
while day-old chicks in Trial 2 were administered a 2X 
recommended dose of a commercial live coccidiosis vaccine 
(challenge study). For each trial, 1,920 Cobb-500 male 
chicks were distributed randomly among 4 treatments with 
40 birds per pen and 12 replicate pens per treatment (density 
of 0.09 m2/bird). Diets were formulated to meet the Cobb-
500 nutrient specifications. The 4 treatments consisted of: 
0.2% S-Carb (Control); 0.3% AFG; 0.3% S-Carb; and 0.4% 
AFG. All diets were formulated to have 0.19% Na and the 
same nutrient profile. Incremental changes of S-Carb and 
AFG were made at the expense of salt. Chloride levels were 
adjusted from 0.26% to 0.25% in starter diets, and 0.28% to 
0.26% in grower and finisher diets. Live performance 
measurements included body weight (BW), feed intake (FI) 
and adjusted feed conversion (FCR). Data was analyzed by 
one-way ANOVA using the GLM procedure of SPSS and 
means separated by Duncan’s Multiple Range Test. 
Significance was accepted at P≤0.05. At d 28, broilers fed 
0.4% AFG weighed more (P<0.01) than those from 0.2% or 
0.3 % S-Carb birds in groups without or with a challenge. At 
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d 42 and under coccidiosis challenge, birds fed 0.4% AFG 
diets had heavier (P<0.01) BW compared to all other 
treatments. Further, broilers fed 0.3% S-Carb weighed more 
than 0.2% S-Carb birds and were similar to 0.3% AFG birds. 
FI was not significantly different. At d 42, broilers fed 0.3% 
AFG and 0.4% AFG diets resulted in improved FCR 
(P<0.01) compared to those fed 0.2% S-Carb and 0.3% S-
Carb diets under no coccidiosis challenge. In contrast, 
broilers under coccidiosis challenge and fed 0.4% AFG had 
the best FCR compared to the other dietary treatments, 
whereas 0.3% AFG birds resulted in intermediate feed 
efficiency between 0.4% AFG diet and S-Carb diets. In 
conclusion, addition of AFG® at 0.4% with and without a 
coccidiosis vaccine challenge resulted in an improved FCR 
and BW compared to all other dietary treatments. For both 
without and with coccidiosis challenge conditions, the FCR 
from 0.3% AFG diets were better (P<0.01) by 3 points (0.03) 
than 0.2% S-Carb diets, while the FCR from 0.4% AFG 
improved (P<0.01) by 4 points (0.04) than those from 0.3% 
S-Carb. 

506P Effect of time to feed and water post-hatch on the 
growth performance of commercial broiler 
chickens. Spencer T. Karn*1, Nora M. Bello1, Michael D. 
Cressman1; 1Ohio State University, Animal Science, Sidney, 
Ohio, United States. 

Commercial broiler hatchlings are commonly withheld from 
feed and water for varying amounts of time (~24-72 hours), 
depending on hatching order, duration of processing at a 
hatchery, and distance traveled to a farm for placement. The 
impact of this nutritional stress on broiler growth 
performance is not fully understood. The objective of this 
study was to assess the effect of time to feed and water post-
hatch on growth performance of commercial broilers. Ross 
708 broiler hatching eggs (n=252) were set in an incubator 
for 456 hours (h), then transferred to three hatching trays. 
Hatching trays were divided into three sections and 
randomly assigned to treatments: fed in hatching tray (FHT), 
fed at placement (FaP), and fed 24 hours post-placement 
(F24). All hatching tray treatment sections were fitted with 
LED lights. FHT tray sections were provided feed and water, 
while FaP and F24 were not. Beginning at 480 h, hatching 
trays were removed from the incubator at 3-h window 
intervals, and dry active chicks were individually identified 
and weighed. Feed and water disappearance was also 
measured during each hatching window interval. At 504 h 
(i.e., 0 h post-placement), each hatching tray was moved to 
a room, and 25 randomly selected chicks within each tray 
section were placed in individual floor pens within a room. At 
placement, FHT and FaP birds were provided ad libitum feed 
and water. At 24 h post placement, F24 birds were provided 
ad libitum feed and water. From day 0-49, birds were 
weighed individually on a weekly basis. Pen-level feed given 
and returned, and pen mortality were also recorded weekly. 
Response variables bodyweight (BW, kg), cumulative feed 
intake (CFI, kg), and feed conversion ratio (FCR) were 
analyzed in the log scale using general linear mixed models 
with fixed and random effects specified to reflect the data 
generation process. Data are reported as LSmeans with 
95% confidence intervals, and significance was declared at 
P < 0.05. A 2-way interaction between treatment and age (P 
< 0.0001) indicated that F24 birds were lighter than FHT and 
FaP birds from d7 to d28 (at d7: 0.123 [0.120-0.127 kg], 
0.134 [0.130-0.138 kg], 0.131 [0.127-0.135 kg], respectively; 

P < 0.05), though no evidence for treatment differences was 
apparent from d35 to d49 (P > 0.05). For CFI and FCR, there 
was no evidence of any differential treatment effects 
throughout the study (P = 0.75 and P = 0.62, respectively), 
nor was there any combined effect with hatching window 
interval (P > 0.05). In conclusion, our results indicate that 
heavier BW resulting from earlier post-hatch feeding and 
drinking (FHT, FaP) were offset by compensatory growth of 
F24 birds after 28 days of age. 

507P Development of Aptamer Rolling Circle 
Amplification (RCA) Platform as a Vaccine Complex to 
Control Salmonella in Broiler Chickens. Abigeal I. 
Omolewu*1, Adil S. Al-ogaili2, Christine Vuong1, Billy M. 
Hargis1, Young Min Kwon1; 1University of Arkansas 
Fayetteville, Poultry Science Department, Fayetteville, 
Arkansas, United States; 2Middle Technical University, 
Poultry Viccinology and Immunology, Kut, Iraq. 

Salmonella has been a major source of safety concern in the 
poultry industry and public health. Hence, we are interested 
in developing a novel vaccine complex 
against Salmonella by targeting CD40 for enhanced immune 
response. RCA is an isothermal enzymatic reaction that 
produces long single-stranded DNA containing tandemly 
repeated sequences. When DNA aptamer, which has a 
specific binding affinity to a target component, is 
incorporated into RCA design as the repeated sequence, the 
resulting RCA can find multiple applications such as protein 
detection, stem cell fishing, nanomaterials fabrication, and 
vaccine. In this work, we first developed 8 anti-CD40 
aptamers, which were then used to design and produce 4 
aptamer-based RCA products with each RCA consisting of 
two distinct aptamers. All 4 anti-CD40 aptamer RCA 
products activated the chicken HD 11 macrophage cell line 
significantly (p < 0.05). HD II activation was accomplished 
using the nitric oxide (NO) assay. We selected the CD40 
aptamer RCA with the highest level of HD 11 activation to 
use in the final vaccine complex. Next, 6 candidate anti-
Salmonella aptamers were obtained from published studies 
and evaluated using fluorescence labels for their ability to 
bind 3 different serotypes of Salmonella (S. Enteritidis, S. 
Typhimurium, and S. Kentucky). Based on the result, 3 
candidate aptamers that showed the highest affinity 
for Salmonella were selected and used to design and 
produce anti-Salmonella RCA products. These two RCA 
products (CD40 RCA and Salmonella RCA) were designed 
to contain spacer regions complementary to each other to 
facilitate the binding of the two RCA products through the 
hybridization of the spacer regions. The CD40 RCA can 
boost immune responses in broiler chickens through 
activation of the macrophage, and Salmonella RCA can be 
used to engage killed whole Salmonella cells as antigens. 
These two RCA products were combined to produce the 
vaccine complex in the following steps: (1) Salmonella RCA 
was incubated with killed S. Typhimurium cells, and 
unbound S. Typhimurium cells were removed by extensive 
washing. (2) The Salmonella RCA-S. Typhimurium complex 
was then incubated with aptamer CD40 RCA to form the final 
vaccine complex. We determined that on average 2.15 x 
106 of killed S. Typhimurium cells were loaded in 1 ml of the 
final RCA complex. These results suggest that the final RCA 
complex that consists of these 3 
components, Salmonella RCA, killed S. Typhimurium cells, 
and CD40 RCA, has great potential as a novel vaccine 
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complex for efficient control of Salmonella in broiler 
chickens. The study is in progress to evaluate the vaccine 
potential of this complex using HD 11 activation assay and 
chicken challenge study. 

508P Evaluation of the effect of Histomonas 
melegridis morphology on resiliency and survivability 
when subjected to incubation at room 
temperature. Alessandro Rocchi*1, Aaron Forga1, Billy M. 
Hargis1, Danielle Graham1; 1University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States. 

Histomonas meleagridis, a protozoal parasite of 
gallinaceous birds, is the etiological agent for histomonosis, 
or blackhead in turkeys. H. meleagridis has been shown to 
have poor survivability, surviving only a few hours, outside 
of a host except when within eggs of the cecal 
nematode Heterakis gallinarum. The purpose of the present 
study was to evaluate the survivability and morphological 
changes of H. meleagridis in 25cm2 tissue culture (TC) 
flasks at room temperature (RT-21C) as compared to TC 
flasks incubated at 40C (INC-40C). Survivability was 
evaluated in separate tests for two morphologies of H. 
meleagridis upon reaching confluence: 1) amoeboid forms 
expressing movement (Am test) or 2) spherical forms 
expressing no movement (Sp test). Histomonads were 
grown to confluence and desired morphology in Modified 
Dwyer’s media (MDM). For the assay, 9mL of confluent 
culture was transferred into 25cm2 RT flasks (n=3) and INC 
flasks (n=3). Cultures were monitored for changes in 
morphology, concentration, and activity. Histomonads were 
enumerated pre-transfer (d0) and d3 and d7 post-transfer. 
Bacteria within the cultures were enumerated via 10-fold 
serial dilution drop plating on Chromogenic Orientation agar 
at d0, d3, and d7. Escherichia coli and Klebsiella 
pneumoniae were recovered and identity confirmed by 
MALDI-TOF. ANOVA was used to determine significant 
differences at P<0.05. At d7 post-transfer, 1ml/flask was 
passaged into 25cm2 TC flasks with fresh MDM media to 
evaluate viability. Histomonad concentrations 
(Log10 histomonads/ml) for Am and Sp were 5.58 and 5.42 
at d0, respectively. Am-RT flasks experienced a shift in 
concentration from d1-d2 when the number of histomonads 
decreased, becoming nearly undetectable at 40x 
magnification. Sp-RT flasks experienced a decrease in 
concentration at d5. Sp-INC showed no concentration 
changes at d5 although histomonads were visibly smaller 
compared to d0. No other visible changes were seen in the 
RT flasks for either the Am or Sp test. Only the INC flasks 
were able to reach confluence after d7. There were no 
statistical differences (P>0.05) in bacterial recovery at all 
timepoints evaluated indicating that RT and INC conditions 
did not negatively impact viability. Overall, it appeared that 
after experiencing the major shifts seen on d2 for the Am 
flasks and d5 for the Sp flasks the histomonads were present 
although not viable for culturing. The starting morphology of 
the histomonads (Am vs. Sp) when subjected to RT also 
appeared to influence the longevity and time before reaching 
any major morphological shift. 

509P Effects of alkali-hydrolyzed corn dried, distiller 
grains with solubles on growth performance and meat 
quality of broilers under heat stress. Euyeon Noh*1, 
Byungrok R. Min1, Amit Kumar Singh2, Woo K. 
Kim2; 1University of Maryland Eastern Shore, Princess 

Anne, Maryland, United States; 2University of Georgia, 
Athens, Georgia, United States. 

The misuse of antimicrobial growth promoters (AGPs) in 
animal production has contributed to antimicrobial 
resistance. Phytochemicals such as phenolic acids are 
considered promising alternatives to AGPs. Corn dried 
distiller grains with solubles (DDGS) contain considerable 
amounts of phenolic acids, but their bioavailability is 
extremely low. In our previous study, alkali-hydrolyzed 
DDGS (AH-DDGS) was developed as a source of 
bioavailable phenolic acids, promising alternatives to AGPs. 
This study aimed to determine the effects of AH-DDGS as 
an alternative AGP and remedy against heat stress on 
growth performance and meat quality of broilers. A total of 
640 one-day-old broiler male chicks were randomly 
assigned to 32 floor pens with 20 birds/pen (8 
pens/treatment). They were raised for 42 days and fed 
corn/soybean meal diets with 4 treatments: 1) negative 
control (NC), commercial DDGS (5%), 2) positive control 
(PC), commercial DDGS (5%) and AGP (Bacitracin 
methylene disalicylate 50 (500g/tonne of feed)), 3) T1, AH-
DDGS (5%, prepared by alkali hydrolysis using Ca(OH)2 at 
0.45 mol/kg wet distillers grains), and 4) T2, commercial 
DDGS (2.5%) and AH-DDGS (2.5%). Heat stress was 
applied to all treatments for 8 h/day during the grower (d15-
28) and finisher (d29-42) periods in which the temperature 
was increased to 35 °C and 33 °C, respectively. At d43, 5 
birds/pen were slaughtered and breast meat was harvested 
after 24 h postmortem. Growth performance of broilers, post-
chill carcass yield, and breast meat quality parameters were 
determined. Data were analyzed using one-way ANOVA 
with Duncan’s multiple range test for mean comparison. T1- 
and T2-fed broilers showed similar growth performance to 
PC-fed which showed higher growth performance than NC-
fed (P<0.05). Carcass yields were not different among the 
treatments. Marinate uptake was significantly higher in the 
breast meat from T1-fed broilers than those from others 
(P<0.05). When cooked at 72 h postmortem and stored for 
7 days at 4 °C, breast meat from T1- and T2-fed broilers 
showed significantly higher cooking yields and lower lipid 
oxidation rates than the controls (P<0.05). Other quality 
parameters such as color, drip loss, and textural properties 
were not different among the treatments. The results 
showed that AH-DDGS provided similar effects on the 
growth performance of broilers to AGPs and improved 
oxidative stability of broiler breast meat, leading to partially 
improved muscle protein functionalities. Hence, the results 
indicated that AH-DDGS rich in bioavailable phenolic acids 
has high potential as an economically feasible alternative to 
AGPs and remedy against heat stress to maintain/improve 
broiler health and productivity and their meat quality. 

510P A specialized hand-held trimming device for 
removing wishbones and cartilages from poultry breast 
meat. Michael Park*1, Sean L. Thomas1, Aklilu 
Giorges1; 1Georgia Tech Research Institute, Atlanta, 
Georgia, United States. 

Trimming unwanted bones, fats, and gristle from poultry 
breast meat after deboning remains a highly manual task. 
The removal of wishbones and cartilages from the butterfly-
shaped breast meat cut is one of the most frequent and 
challenging components of breast trimming. Currently, a 
blade knife is predominantly used for the task, resulting in 
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high yield loss and slower throughput. The overall objective 
of this study is to design a specialized trimming tool and 
method to remove cartilages and wishbones from breast 
meat, aiming to increase yield, throughput, and worker 
comfort. The trimming tool is a hand-held device that 
consists of a cylindrical blade attached to a pneumatic 
spinning motor. Although the system is capable of reaching 
25,000 RPM, a motor with 10,000 RPM was found to be 
sufficient. Furthermore, an approach angle of 22.5° achieved 
the most efficient cut, and the device handle was tapered to 
minimize the bending of the user's wrist for added comfort. 
The trimming time and yield loss of the new rotating tool 
were compared to those of a blade knife in order to assess 
its performance. Twelve breast butterflies were harvested 
from the front halves, with wishbones and cartilages fully 
intact. The time taken to remove each wishbone and 
cartilage from each sample was recorded, and the weight of 
the removed bones and cartilages was measured. The yield 
loss was estimated by calculating the difference in mass 
between the initial and remaining bones and cartilages after 
scrapping. The average trimming time for wishbones and 
cartilages using the rotating tool was 9.21s and 9.51s, 
respectively, compared to 15.7s and 16.2s for the blade 
knife. Additionally, the standard deviation of the trimming 
time for the rotating tool was 2.40s and 1.17s, while for the 
blade knife it was 5.80s and 3.58s, respectively. For the 
average weight of the lost meat on wishbones and 
cartilages, the rotating tool resulted in 4.88g and 5.37g, with 
standard deviations of 2.25g and 1.51 g, respectively. In 
comparison, the blade knife had an average weight of 5.60g 
and 7.93g, with standard deviations of 1.50g and 2.51 g, 
respectively. To determine the statistical difference in time 
and mass losses between the two trimming methods, a 
student t-test was conducted. The results showed that the 
trimming time for bones and cartilages was significantly 
shorter when using the rotating tool. As for mass losses, the 
new method reduced losses from cartilage trimming, while 
there was no significant difference in mass losses between 
the two methods for wishbone. 

511P Temporal profiling of the Bursa Transcriptome 
reveals systemic differences induced by Marek's 
Disease virus. Oladipupo Bello*1, Qin Chu2, JIuzhou 
Song3; 1University of Maryland, Animal Sciences, College 
Park, Maryland, United States; 2Beijing Academy of 
Agriculture and Forestry Services, Institute of Animal 
Husbandry and Veterinary Medicine, Beijing, China; 
3University Maryland, Animal and Avian Sciences, College 
Park, Maryland, United States. 

Marek's disease (MD) is an acute lymphoma-inducing 
disease in chickens caused by Marek’s disease virus (MDV). 
The study aimed to identify pathways, biological processes, 
genes, and temporal variations that might be critical to MD 
resistance by examining transcriptional changes in the bursa 
of two highly inbred White Leghorn chicken lines (Line 63 - 
MD-resistant; Line 72 - MD-susceptible) in response to MDV. 
Experimental design is a completely randomized design with 
3 factors: Line, Time, and Status. Fourteen days after 
hatching, 8 unsexed chickens from each line were 
inoculated with 500 PFU of a very virulent plus strain of 
MDV. Another set of 8 unsexed chickens from each line 
served as age-matched controls. In each line, 2 infected and 
2 control chickens were terminated at 5, 10, and 21 days 
post-infection (DPI), corresponding to the early cytolytic, 
latency, and transformation phases of the disease, 
respectively. Bursa tissues were extracted from the 
carcasses, followed by RNA isolation and sequencing. 
Differential gene expression analyses comprising within-line 
(infected vs. control) and between-line (infected vs. infected) 
contrasts at each time point were performed using likelihood 
ratio test (FDR = 0.05) implemented in edgeR. GO term and 
pathway enrichment analyses of the differentially expressed 
genes (DEGs) were performed using hypergeometric test in 
gprofiler2 (FDR = 0.05). There was enrichment of proline 
metabolism pathway at 5 DPI with DEGs upregulated in the 
resistant birds compared to the susceptible birds, especially 
with P4HA2 gene, which has an expression level four times 
in the resistant birds. Previous research has shown the 
significant role of proline metabolism in cell signaling, 
including immune cell signaling. At 10 DPI, there was 
significant enrichment of T cell differentiation, lymphocyte 
co-stimulation, and Cytokine-cytokine receptor interaction 
pathway with DEGs upregulated in the resistant birds 
compared to the susceptible birds. The effect of P4HA2 gene 
at the early cytolytic phase might play a role in the better 
response mounted against the infection in the resistant 
chickens at 10 DPI. Even though there was a significant 
enrichment of immune-related biological processes and 
pathways, including cytokine-cytokine receptor interaction 
pathway, with DEGs upregulated in the susceptible chicken 
compared to the resistant birds at 21 DPI, the better 
response by the resistant birds at 10 DPI —the only stage 
devoid of viral replication—is a well-timed response. In 
summary, pathways and processes that are likely critical in 
host response to MD were identified. Likewise, the results 
showed the timing of response as a plausible explanation for 
the differential resistance to the virus. 
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WPSA Lecture: Towards a humane and sustainable solution: A genetic 
model to eliminate male chicks culling in the egg industry

512S Towards a humane and sustainable solution: A 
genetic model to eliminate male chicks culling in the egg 
industry. Enbal B. Cohen1, Michal Mimon1, Tatiana 
Kushnir1, Amit Haron1, Michael Pfann1,2, Izel Cohen1,2, Eva 
Lamed3, Olga Genin13, Shelly Druyan1, Yuval 
Cinnamon*1,3; 1The Volcani Institute, Rishon LeTsiyon, 
Israel; 2The Hebrew University of Jerusalem, Koret School 
of Veterinary Medicine, Rehovot, Israel; 3NRS - Poultry by 
Huminn, Rehovot, Israel. 

Unwanted by the meat and eggs industries, approximately 7 
billion day-old male chicks are annually sorted and culled 
worldwide in the table eggs industry. In terms of sheer 
numbers, this issue constitutes a significant animal welfare 
concern in livestock, posing economic and sustainability 
challenges for farmers. Previous attempts to address this 
problem have been largely unsuccessful, primarily focusing 
on early-stage sorting of male embryos. However, given that 
there are no overt and practical differences between 
genders until late stages of development and that sex 
determination in chickens relies on sex chromosome 
segregation, a genetic solution has been devised to prevent 
the development of male embryos. Enter the GOLDA hens, 
which lay eggs that hatch only female layers. Importantly, 

both the layer hens and their table eggs are non-GMO and 
indistinguishable from conventional production. The system 
boasts 100% accuracy, allowing for the removal of 
undeveloped male eggs from the incubator as early as 48-
72 hours, thereby potentially doubling the incubation space 
capacity and bringing an end to the practice of culling day-
old male chicks, which is a significant breakthrough for 
animal welfare. In chickens, sex determination relies on two 
sex chromosomes, namely W and Z. Males possess ZZ 
chromosomes, while females possess WZ chromosomes. 
Consequently, the common factor among all males is the 
maternal Z chromosome, whereas all females carry the 
maternal W chromosome. The GOLDA hens solution is 
rooted in a genetic modification that targets the maternal Z 
chromosome. Specifically, an inducible trait is inserted, 
which selectively halts the development of males during the 
early embryogenesis stages. Importantly, the genetic 
modification is limited to the maternal Z chromosome, 
leaving the maternal W chromosome unaltered in females. 
The inducible component of the system operates through 
light induction using an optogenic molecular mechanism, 
allowing for activation, through the eggshell prior to 
incubation and seamless integration into the hatchery 
workflow.  
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Symposium: Breeding laying hens for a cage-free future

513S Future trends in genomic analysis. Christine F. 
Baes*2,1, Sabine G. Gebhardt-Henrich1, Michael J. 
Toscano1, Bayode O. Makanjuola2; 1University of Bern, 
Vetsuisse Faculty, Bern, Switzerland; 2Centre for Genomic 
Improvement of Livestock, University of Guelph, Animal 
Biosciences, Guelph, Ontario, Canada. 

Genomics has revolutionized the field of poultry breeding; 
the ability to identify, rank, and select animals with superior 
genes has never been more accurate. Technologies are 
advancing rapidly, with trends indicating that application of 
genomics in animal breeding will continue to improve and 
evolve. One of the most significant trends in genomic 
analysis is the use of more sophisticated and accurate 
variant identification approaches, such as long-read 
sequencing and genotyping by sequencing. Further 
technological advances are being made on sensors for 
automated collection of behavioural data. These 
technologies are enabling detailed and precise analysis of 
poultry genomes, allowing for identification of previously 
unknown genetic markers associated with important traits, 
discovery of new genes and regulatory elements, as well as 
improvements in fundamental knowledge of the genomic 
architecture of traits. Another trend is the increased use of 
machine learning algorithms and artificial intelligence for 
analysing phenotypic data collected via sensing 
technologies. Such algorithms are also being increasingly 
used to identify complex genetic interactions, improving our 
understanding of the genetic basis of complex traits. In 
addition to these technological advances, there is also a 
growing emphasis on social license aspects of breeding 
programs, including ethical implications of genomics in 
poultry breeding. There is a growing need to ensure that the 
benefits of this technology are balanced with considerations 
of animal welfare, ethical consideration, and public 
perception. Therefore, future trends in genomics will also 
focus on improving transparency and incorporating societal 
values when decisions are made during the breeding 
process. Overall, advances in sequencing technology, 
machine learning, and increased emphasis on ethical 
considerations are expected to drive significant changes in 
breeding programs. Training the next generation of animal 
scientists able to address the complexity of incorporating 
these advances will be imperative. 

514S Practical quantification of bone and beak traits for 
better welfare through genetics. Ian Dunn*1, Maisarah B. 
Maidin1, Oswald Matika1, Heather McCormack1, Peter 
Wilson1, Jeffrey Schoenebeck1, Vicky Sandilands3, Björn 
Andersson4, Matthias Schmutz4, Sarah Struthers2; 1The 
Roslin Institute, University of Edinburgh, Midlothian, 
Scotland, United Kingdom; 2Roslin Institute, University of 
Edinburgh, Genetics and Genomics, Edinburgh, United 
Kingdom; 3SRUC, Edinburgh, United Kingdom; 4Lohmann 
Breeders, Cuxhaven, Germany. 

Laying hen bone quality and beak shape can result in 
welfare issues of keel bone damage and injurious pecking in 
non-cage systems. Limited or no genetic selection has been 
possible because of the lack of a phenotype. We aimed to 
develop measures of bone quality and beak shape for use in 
a breeding programme. Layer lines were used to optimise 
the image capture methodology with x-ray or photography. 

Total time from holding crate and return was ~45 secs. 
ImageJ was used to derive a cross-sectional density 
estimate of the tibia (tibAUC), quantify medullary bone and 
keel bone density (keel AUC), and apply landmarks to beak 
images. Validation included a reproducibility study, a study 
where hens were fed a sub-optimal calcium and 
phosphorous diet, a time course through a laying cycle, and 
genetic parameter estimation. Beak and its underlying bone 
shapes were estimated using geometric morphometrics. 
Attribution of variance was by Gage analysis, repeated 
measures ANOVA was used to compare dietary treatment 
and longitudinal data. ASREML was used to estimate 
genetic parameters. Correlation between tibAUC and post-
mortem bone traits was significant (0.76; P<0.0001). Up to 
92% of tibAUC variance was attributable to bird. Hens fed a 
low calcium diet had a reduced tibAUC after 3 weeks (-5496 
vs +5547, p<0.001). A significant increase in tibAUC 
occurred when the hens came in to lay, which was 
maintained until 60 weeks of age. This was largely due to 
medullary bone deposition, while cortical bone peaked at 20 
weeks of age and remained stable throughout lay. The keel 
AUC fluctuated around the onset of lay (P<0.001) but 
declined thereafter. Heritability of tibAUC peaked at 0.62 but 
decreased by 98 weeks of age. The correlation across age 
was very high. Beak and underlying bone shape heritability 
ranged from around 0.4-0.5 for curvature but less for other 
shape traits. Beak shape varied from long, narrow and 
pointed to short, wide and curved. In conclusion, the 
methods were easy to perform. The results suggest that 
tibAUC is a good proxy measurement for bone quality. The 
ability to measure changes across time improves power and 
could simplify testing dietary interventions to improve bone 
quality. All traits measured had moderate to high heritability 
estimates which should allow genetic progress if selected. 
Aspects of beak shape are also highly heritable; although 
the challenge going forward will be to demonstrate that 
naturally shorter blunter beaks are less damaging. Improving 
both bone quality to reduce keel bone damage and to reduce 
the effects of injurious pecking will be important aids to a 
cage-free future. 
Funded by the Foundation for Food and Agricultural 
Research (550396) and BBSRC grant BB/P013759/1. 

515S Cross-training a new generation of data scientists 
for precision livestock farming and genomics-
phenomics. Juan P. Steibel*1; 1Iowa State University, 
Ames, Iowa, United States. 

The poultry and livestock industries are undergoing an 
unprecedented transformation with the adoption of precision 
management technologies and high throughput 
phenotyping. One of the immediate consequences of that is 
the need to recruit highly qualified personnel who can take 
on the new challenges. This means that academic 
institutions need to prepare their students accordingly. In 
particular, the ability to implement analytics in large datasets 
is now perceived as a key skill needed by professionals 
working in the animal and poultry industries. Undergraduate 
curricula in the animal and poultry sciences have traditionally 
been focused on the management aspects of the production 
system, and that includes record management to some 
extent. But in-depth training in statistics and computation is 
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not common for those students. On the other hand, graduate 
programs in poultry and animal science usually involve 
training in statistics and experimental design for all students, 
but it is focused on research applications that use more 
designed experiments and puts heavy emphasis on 
inference. On the other side, the industry usually requires 
analyses of very large observational data for both inference 
and for prediction. In this presentation I will address these 
points. First, I will describe the field of data science and how 
it interacts in the poultry and animal sciences. Second, I will 
address the problems of prediction and inference with 
examples from animal breeding and management, and 
finally, I will present the opportunities for cross-training 
undergraduate and graduate students in this area through 
using existing courses or through developing new curricula. 

516S Meeting the needs of a cage-free future. Sijne Van 
der Beek*1; 1Lohmann Breeders GmbH, Cuxhaven, 
Germany. 

When talking about breeding the laying hen that fit’s cage-
free environments, it is important to realize that intrinsically 
the chicken is a cage-free animal. The question is what 
specific elements in modern (cage-free) environments 
require specific attention of breeders. The modern laying 
hen should lay a good egg every day and persist doing so. 
Today we talk about laying hens laying an egg every day till 
they are 100+ weeks of age. But there is no reason to not 
want to extend this to 150 or 200 weeks. While laying an egg 
every day the laying hen should be healthy and stay healthy. 
And she should do so in a cage-free environment with very 
many flock mates that compete for eating, nesting and 
resting space. The laying hen can only achieve this when 
she is metabolically and behaviorally in perfect balance. She 
should be able to eat what she needs, and she should 
express behavior that is natural, and good for herself and 
her flock mates. A breeding program generates each 
generation new selection candidates from which the animals 
with the most appropriate genetic merit are selected. To 
collect the information required to access genetic merit, 
breeding programs can take a general or a specific 
approach. In a general approach the strategy is to collect 
information about performance in a modern cage-free 
environment and then select the birds with the highest 
estimated breeding values for performance. The efficiency 
of this approach depends on the quality of the data, the 
amount and structure of the data and on the way that 
genomics is used to make the collected data relevant for 
breeding value estimation and selection. In a specific 
approach, focus is on “weakest links”. This approach 
depends on the definition of weakest links. Is this ability to 
eat, (keel) bone strength, abnormal (pecking) behavior, 
ovulation rate and pattern across time, body condition 
score? In the specific approach data is collected on the 
weakest link trait themselves or on indicator traits thereof, 
and animals that do not show weak links are selected as 
parents for the next generation. Modern laying hen breeding 
programs usually combine both the general and the specific 
approach. This means collecting data on general 
performance in environments that are relevant today and in 
the future, on as many selection candidates and/or family 
members of selection candidates as possible. And this 
means collecting specific data on traits like bone strength, 
individual and group behavior, ovulation pattern, nesting 
behavior, specific nutrient intake, specific stress response or 

other specific traits. With this, laying hen breeding programs 
meet the needs of a cage-free future. 

517S Going cage-free, what is the impact on the 
breeding program? Teun G. van de Braak*1; 1Hendrix 
Genetics, Boxmeer, Noord Brabant, Netherlands. 

Going cage-free, a development that started more than two 
decades ago in Northern Europe and that has reached the 
America’s in recent years. To be successful in cage-free 
housing systems does not only require exceptional flock 
management, but also a hen that knows how to deal with the 
complexity of the cage-free systems, and a hen that gets 
along with all her fellow flock members. This requires a 
different hen, not a hen that is bred for continuously 
improved Feed Conversion Ratios, but a hen that we can call 
robust. Hens in cage-free housing systems need to take 
better care of themselves compared to hens in conventional 
cage systems. The focus is moving more and more towards 
smooth development during the rearing period, which should 
be seen as an investment or as a training period, and not 
solely as a cost. Hens that can thrive in cage-free housing 
systems are considered top-athletes, as the egg-industry still 
expects them to produce an egg a day. Therefor in todays’ 
breeding programs there is more and more attention for 
finding the right balance: today’s cage-free laying hens need 
time to develop a robust skeletal frame, to build-up some 
reserves, and to develop a good appetite to support the hen 
during transfer and at the onset of lay. Next to the hen’s 
physics, there is also attention for behavior. Intensive 
selection to reduce aggressive behaviors like feather 
pecking and cannibalism have resulted in lower mortalities 
during the past decades. The extra selection pressure on 
intact feather cover is contributing to lower mortalities at the 
same time. But there is more than aggressive behavior, 
intensive collaboration on groundbreaking projects like 
HenTrack (initiated by Dr. Toscano from the ZTHZ, Division 
of Animal Welfare, University of Bern, and in collaboration 
with Prof. Baes from the University of Guelph) contribute 
greatly to gain improved understanding on hen behavior in 
aviary housing systems and the genetics behind the 
differences observed in laying hen behavior. The availability 
of sensor technology, video tracking allows us to record 
novel phenotypes to be included in todays’ breeding 
programs. Breeding programs have shown that they evolve 
over time, as they need to be adjusted to market needs and 
requirements. Next to Balanced breeding, the active 
collaboration with leading researchers on poultry welfare 
and poultry behavior is essential in running a breeding 
program. 

518S Novel phenotypes within behavior, health, and 
welfare. Michael J. Toscano*1, Yamenah Gómez1, Matthew 
B. Petelle1, Sabine G. Gebhardt-Henrich1; 1Universität Bern, 
Zollikofen, Switzerland. 

The transition to cage-free housing of commercial laying 
hens is considered positive in many regards though also 
introduces many novel and complicated problems which 
threaten acceptable standards of animal welfare demanded 
by the public as well as production endpoints. Of particular 
difficulty are problems with a behavioral or social component 
such as feather and toe pecking, piling and smothering, as 
well as injuries like keel bone fracture which likely are related 
with movement. The difficulty in resolving these problems 
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stems from several factors including but not limited to 
complex interactions between genetics and environmental 
factors and unclear causal factors. More generally, because 
of behavioral and social differences of hens in small (less 
than 100) versus large groups, observation of relevant 
phenotypes within individuals is difficult to quantify 
accurately. To address these problems, our group has been 
using a combination of custom tracking technology within a 
quasis-commmercial multi-tier aviary containing pens of 225 
animals in combination with routine assessments of health 
to identify novel phenotypes that can be applied towards 
breeding goals. Tracking systems used by our group to date 
register the hens within five distinct areas of the aviary, 
including an external wintergarden. Generated location data 
appears highly individualized to animals with variations in 
daily movement and location patterns across hens, as well 
as their consistency within hens, that taken together reveal 
a unique underlying behavioral structure. We believe metrics 

of movement as detected by our system can serve as 
candidate phenotypes within breeding programs. For 
instance, two such welfare indicators that appear linked to 
movement are predictability of movement and keel bone 
fracture, as well as the number of transitions between areas 
and toe pecking. Most recently, as part a larger effort 
(HenTrack) that uses specialized parental crossbreds of 
known pedigree linked with pure line sires maintained by our 
industrial partners, we have begun to examine heritabilities 
of candidate phenotypes. Movement data generated by our 
effort can also be linked with traditional production and 
health phenotypes (e.g., egg quality) generated by our 
industrial partners as part of their own operations to allow for 
optimization of all relevant traits. We believe continued 
exploration of this area and application to commercial 
breeding practices can deliver novel phenotypes that ensure 
resilient laying hens for a cage-free future

. 
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National Extension Workshop: Developing and conducting poultry 
Extension programs for international audiences

519S Volunteering with the farmer-to-farmer program 
in the Caribbean, Central America, Africa, and 
Asia. Jacquline Jacob*1; 1University of Kentucky, Animal 
and Food Sciences, Lexington, Kentucky, United States. 

Farmer-to-Farmer (F2F) is a USAID supported program that 
supports farmers and agribusiness professionals in 
developing countries. US-based volunteers (citizens or 
permanent residents) are sent on technical assignments to 
provide hands-on training. You work with local farmer 
associations, cooperatives, women’s groups, 
agribusinesses, and educational institutions throughout 
Africa, Asia, Eastern Europe, Latin American, and the Middle 
East. You volunteer your time, but all your travel expenses 
are paid for. I started working with the F2F program in Haiti 
and Jamaica. More recently I have worked in Guatemala, 
Bangladesh, Mozambique, and Zimbabwe. Each trip was 
two weeks long. In addition to time with the farmers, you are 
also given the opportunity to visit the area and learn more 
about the local history and culture of the area. I have worked 
with backyard flock owners, cooperatives, small commercial 
flocks, and larger poultry companies. Each trip has involved 
helping producers deal with local issues and challenges and 
has been a rewarding experience. Poultry production is 
growing in most developing countries, and they are always 
looking for volunteers. Check out https://farmer-to-
farmer.org/ to see how you can get involved. 

520S Getting started and working with international 
audiences. Jon Moyle*1; 1University of Maryland, Salisbury, 
Maryland, United States. 

The opportunity to work internationally can come from 
several different approaches, including, professional 
organizations, religious groups, consulting for private 
companies, and non-government organizations (NGOs) that 
do international development. One of the easiest to get 
started with is the John Ogonowski and Doug Bereuter 
Farmer-to-Farmer Program (F2F), funded by the U.S. 
Agency for International Development (USAID). While the 
program is funded by USAID, it is implemented by several 
different organizations that recruit individuals with 
experience in agriculture to volunteer for assignments that 
support development in the targeted areas. Its main 
objectives are to increase agricultural sector productivity and 
profitability, to improve conservation and sustainable use of 
environmental and natural resources, to expand agricultural 
sector access to financial services and to strengthen 
agricultural sector institutions. These NGOs have recruiters 
that reach out to specialists as well as websites that list 
upcoming opportunities, which you can then apply to help 
with. Working with international audiences is rewarding, but 
it also has its challenges. There are often barriers created by 
differences in language, culture, and level of education. 
Translators are often used when working internationally and 
it is important that they have a working knowledge of 
agricultural terms. Additionally, resource availability can vary 
widely, from nothing to situations similar to those in 
developed nations. These challenges force you to work 
outside your comfort zone and learn to address issues in 

new ways. Benefits from international work include: 1) new 
ways to look at problems, 2) better understanding of 
challenges faced by developing communities, 3) learning to 
present educational materials to those with limited literacy 
and varying education levels, 4) adapting to challenging 
situations and learning to use “what’s on hand”, 5) working 
with individuals who have access to limited resources, 6) 
learning how to work with other cultures and climates, and 
7) experience working with audiences who may not speak 
English. These rewards and benefits far outweigh the time 
and effort put into the work. 

521S Expecting the unexpected: Challenges and 
opportunities with international Extension 
programs Darrin M. Karcher*1; 1Purdue University, West 
Lafayette, Indiana, United States. 

Opportunities exist to expand extension programs 
internationally through programs like the USAID John 
Ogonowski and Doug Bereuter Farmer-to-Farmer (F2F) 
program. The F2F program connects US volunteers with 
other organizations around the world to build and strengthen 
their capacity in the agriculture sector. The presentation will 
cover two consulting assignments, one in country and 
another remote, with an organization called Vision on 
Mission located in Trinidad and Tobago. The challenges of 
engagement following Covid-19 restrictions, working with an 
at-risk population and employee turnover made the 
assignments challenging, but very rewarding when your 
impact can be observed immediately. The international work 
is not that much different from extension and requires an 
ability to be flexible and responsive to the identified 
challenge when you arrive. 

522S Evaluating and assessing the poultry industry in 
Russia, Kenneth W. Koelkebeck*1; 1University of Illinois, 
Department of Animal Sciences, Urbana, Illinois, United 
States. 

Poultry extension programs, which target international 
audiences, can both be challenging and rewarding. Part of 
the challenge is to learn about problems associated with a 
poultry operation and being able to communicate effective 
recommendations to management personnel effective, 
particularly, when there is a language barrier. This report 
involves the evaluation and analysis of two egg and broiler 
production complexes in two regions in Russia. The Agro-
Industrial complexes of “Hopyair” and Kuznyetski”, was 
visited. The objectives were to evaluate four areas of poultry 
production that included: 1) nutrition, 2) breeding and 
genetics, 3) management, and 4) equipment and buildings. 
The first complex, “Hopyair” included facilities such as a 
hatchery, pullet rearing, egg laying, egg packing, and a 
processing facility. Yearly egg production was much lower 
than in the U.S., due to poorer nutritional diets, and genetic 
stocks employed. Lower egg production rates than in the 
U.S. were found because the diets did not contain soybean 
meal. In addition, beak trimming of chicks was not done 
which, probably contributed to increased mortality. 
Processing of eggs did not include washing, and this 
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contributed to increased incidences of human Salmonella 
infections. Buildings and equipment seemed to be 
advanced, and in good operating order. The “Kuznyetski” 
Agro-Industrial complex consisted of a broiler and layer 
farm. The broiler farm raised broilers in cages. Average daily 
gain of broilers was poorer than in the U.S., presumably 
because of nutritional deficiencies and cage rearing of the 
broilers. Mortality was high in a floor house due to problems 
associated with coccidiosis and wet litter problems. The 
feeding program consisted of 3 phases, and mash feed was 
fed, instead of crumbles or pellets. Broilers raised in these 
facilities were more slow-growing than in the U.S., 

presumably due to the genetic lines used. For the laying hen 
farm, a 4 phase feeding program was used; however, the 
percent protein was only 14%. This probably contributed to 
lower egg production. Overall management of the facilities 
were good, however. In summary, poultry buildings and 
equipment on the farms visited in Russia were 
technologically advanced, however, the use of nutritionally 
deficient diets and genetic stocks produced decreased 
production results. The buildings and equipment were 
adequate; however, greater capital expenditures were 
necessary to improve production performance. 
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Informal Nutrition Symposium: Challenges in supply chain and ingredient 
quality

523S Informal Nutrition Symposium: Challenges in 
supply chain and ingredient quality. Rosalina Angel*1, 
Doug Korver2; 1University of Maryland, Animal and Avian 
Sciences, College Park, Maryland, United States; 
2University of Alberta, Agricultural, Food & Nutritional 
Science, Edmonton, Alberta, Canada. 

In the last 3 years, worldwide challenges (war, supply chain 
difficulties and continuing inefficiencies occurring since the 
pandemic) beyond those of the environment (higher 
temperatures than normal, excess rain and flooding or 
extreme and long-lasting drought) have had an immense 
effect on ingredient prices and their accessibility in different 
regions. For animal nutritionists, ingredient prices, quality 
and accessibility have been central to least-cost diet 
formulation and a key concern because diet costs are the 
highest single cost of production of animal products. Other 
global issues related to changes in corporate approaches as 
well as consumer concerns to achieving sustainability, 
evolving cropping and processing shifts with biofuels, are 
affecting the supply and quality of raw materials for feed 
production. Although these factors are outside of the control 
of the nutritionist, being aware of the implications of these 
pressures and discerning trends for the future can help our 
resiliency against the potential shocks for the poultry feed 
industry. The 2023 Informal Nutrition Symposium will 
examine factors influencing raw material supply, availability 
and quality, as well as re-examining current usage level of 
macro- and micro-minerals and vitamins in order to prepare 
nutritionists for change that are occurring and that will 
probably be with us into the future. 

524S Economic evaluation of soybean meal and the 
challenge of supply chain. Micah M. Pope*1; 1Centrec 
Consulting Group, LLC, Savoy, Illinois, United States. 

The soybean supply chain incentivizes upstream 
participants to maximize crop yield (volume), while 
downstream participants (nutritionists) make decisions 
based on crop quality characteristics such as amino acid 
concentration and energy content. These parameters tend 
to decline as soybean yield increases, consequently, the 
value proposition for soybean meal (SBM) is not fully 
recognized in the market. Furthermore, on a global basis, 
SBM sales are based primarily on minimum crude protein 
(CP) content, which does not fully account for the true value 
of SBM to the end user. To demonstrate the application 
value of SBM and its nutrient composition, SBM value was 
quantified in both poultry and swine diets using the nutritional 
attributes (digestible amino acids and energy) that are the 
primary determinants of end-user value. This analysis tied 
incremental changes in product nutritional composition 
(amino acid content and energy) to an increase in value of 
SBM ($/MT) for swine and poultry diets and quantifies value 
from the end-user (nutritionist) perspective, allowing 
alignment across the value chain. 

525S Impact of soybean processing expansions on 
product quality, quantity and supply chain for animal 
nutrition. Gordon Denny*1; 1Gordon Denny, LLC, Thornton, 
Colorado, United States. 

The impact of federal and state environmental regulations is 
creating an unprecedented demand for Renewable Diesel 
as a mandated and tax credited fuel as a more sustainable 
replacement for Biodiesel and other petroleum based fuels. 
The need for lower carbon intensity feedstock, in this case 
soybean oil, has encouraged U.S. Soybean Processors to 
dramatically increase the production capacity of soybean 
processing plants through expansions of existing plants and 
construction of new facilities throughout the corn belt. 
Additionally, the new initiatives have forced a marriage of 
petroleum refiners and soybean processors to provide the 
new fuels. Renewable Diesel is a one-for-one, drop-in 
replacment for current diesel fuel and has the same physical 
characteristics as petroleum diesel, requiring no 
adjustments to engines, using 100% renewable fats and oils. 
The drive for more sustainable, lower cabon intensity fuels 
for both diesel trucks and airplanes (via Sustainable Aviation 
Fuel), is creating an additional 20% to 30% increase in U.S. 
soybean processing with a corresponding increase in 
Soybean Meal. Renewable Diesel will effectively be 
subsidizing the production of soybean meal, and lowering 
the cost while increasng the availability of feed and food 
protein. 

526S Sustainable vitamin innovation and supply in a 
volatile world. Jose-Maria Hernandez*1; 1DSM-Firmenich, 
Animal Nutrition and Health, Kaiseraugst, Switzerland. 

Whether we like it or not, we are getting used to living in a 
very volatile world where animal production is also facing a 
good number of economic, geopolitical, environmental and 
health uncertainties which are impacting the whole value 
chain, including key stakeholders such as feed additive and 
vitamin producers. It is well known that vitamins are 
irreplaceable micro-ingredients in the diet of humans and 
animals being essential in the organism's vital functions for 
maintenance, growth, health and reproduction. This makes 
vitamins key nutrients in a sustainable and efficient animal 
protein chain. The first vitamins were discovered more than 
100 years ago and since then have been produced by few 
players worldwide with a main focus on the human and 
animal industry. Market dynamics have drastically changed 
during this time with unprecedented changes in the supply 
and demand side, particularly during the last five years. 
A proper use of vitamins in animal nutrition, considering the 
environmental footprint of how they are manufactured as 
well as its impact in animal production, can certainly help the 
common industry goal of making animal farming more 
sustainable. Innovation will keep playing a key role in the 
future of vitamins. Aspects like developing more bio-active 
compounds, improving product formulation technology to 
make vitamins more available under challenging premix and 
feed conditions, setting the best combination of vitamin 
levels in feed, or new ways of producing vitamins with a 
lower environmental footprint will be key differentiators to 
support the animal protein industry to be more efficient and 
sustainable. 

527S Supply chain impact on minerals and animal feed 
supplementation. Timothy E. Costigan*1; 1Phibro Animal 
Health, Operations, Quincy, Illinois, United States. 
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Minerals make up a very small part of the animal diet but 
play an essential role in maintaining health, aiding growth, 
and supporting reproduction. The availability of safe, 
efficacious sources of minerals is often taken for granted. 
Many companies avoid single-sourcing their ingredients and 
believe this approach provides adequate protection when, in 
fact, it only addresses interruptions that are specific to a 
single company. Interruptions due to a global pandemic, 
labor shortages, shipping incidents, natural disasters, cyber-
attacks, labor unrest, political instability, and war can 
substantially reduce the world supply of a single ingredient 
or interrupt the manufacture and transportation of an entire 
group of feed ingredients within a region or throughout the 
world. When in the midst of interruption, companies that do 
not have robust sourcing plans are forced to scramble to 
identify alternate suppliers. This can lead to issues that 
directly affect the safety and efficacy of the products they 
supply. This presentation will look at the widespread 
disruption over the past three years, review the weak points, 
and highlight ways to evaluate the resiliency and agility of 
your supply chain. 

528S Managing macrominerals and microminerals to 
minimize the dependence on phosphate and inorganic 
minerals in broiler diets. Kyle M. Venter*1, Rosalina 
Angel2, Peter W. Plumstead1; 1Neuro Livestock Research, 
Kameeldrift, Brits, South Africa; 2University Of Maryland, 
Animal and Avian Sciences, College Park, Maryland, United 
States. 

The escalating costs of poultry feed, particularly phosphate, 
present significant challenges in feed formulation, 
necessitating innovative approaches to maintain broiler 
performance and prevent skeletal developmental 

abnormalities. While completely eliminating phosphorus (P) 
from diets for cost-cutting purposes is not a viable solution, 
it is important to address the economic and environmental 
implications of excessive phosphate use. Therefore, 
exploring innovative strategies within the context of phytase 
becomes essential due to the complex relationship between 
P and other minerals. Calcium (Ca) has a detrimental effect 
on P digestibility through various mechanisms. Excessive 
dietary Ca levels can lead chelation with phytic acid to form 
Ca-P complexes in the gastrointestinal tract, resulting in 
reduced P availability for absorption. This poses challenges 
in reducing phosphate dependency. One solution to manage 
this issue and decrease reliance on rock phosphate is the 
implementation of a digestible Ca (dCa) and digestible P(dP) 
system, which can also take limestone quality into 
consideration. Furthermore, incorporating organic trace 
minerals into broiler diets offers a promising strategy in 
reducing the chelation of minerals and phytic acid 
dependence on phosphate and inorganic minerals. Organic 
forms of trace minerals, including those absorbed via the 
amino acid pathway, have demonstrated their efficacy in 
mitigating phytate chelation in broiler diets, minimizing 
interactions between phytate and minerals. Organic trace 
minerals enhance the availability and utilization of both 
organic minerals and P. Implementing these strategies not 
only enhances nutrient utilization and reduces costs but also 
addresses the sustainability aspect of broiler production. By 
appropriately managing mineral levels and sources, one can 
significantly reduce the recommended levels of trace 
minerals, potentially halving previous recommendations, 
while also eliminating the use of inorganic P entirely from 16 
days of age onwards, while increasing performance. 
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Symposium: Controlling Salmonella: Strategies for feed, the farm, and the 
processing plant

529S Improving poultry feed hygienics: Utilizing feed 
manufacture techniques and equipment to improve feed 
hygiene. Tim Boltz*1; 1Mississippi State University, 
Morgantown, West Virginia, United States. 

Recently, an increased focus on food safety has led to more 
preventative controls being established to prevent foodborne 
pathogen outbreaks. Poultry products are commonly linked 
to foodborne outbreaks and illnesses such as salmonellosis, 
owing to more preventative measures to be put into effect. 
Not only is salmonellosis a concern for human health but it 
can also have negative effects on bird performance and 
result in possible welfare issues. Feed is a possible vector 
for introducing pathogens, such as Salmonella, to broilers 
during the grow-out period. Due to this, an increased focus 
on feed hygienics is now placed on feed manufacturers to 
produce pasteurized feed while still meeting the nutritional 
requirements of the intended animal. Establishing standard 
operating procedures and good manufacturing practices can 
be the first step in controlling Salmonella during the entire 
feed manufacture process. Increasing the conditioning 
temperature and time during the feed manufacture process 
is a simple and effective way to reduce pathogenic bacteria 
when utilized correctly but may come at a cost of reducing 
the nutrient availability of feed. Other pieces of feed mill 
equipment, such as hygienizers, have shown promise in 
producing pasteurized feed but can be costly to incorporate 
into existing feed mills. Other methods of control, such as 
antimicrobials, are viable options to provide protection 
against recontamination but require more consideration of 
use with respect to worker safety and wear on feed mill 
equipment. The application of all these practices together 
can provide feed manufacturers with the tools needed to 
produce pasteurized feed for the industry. 

530S Understanding disease resistance versus 
disease tolerance as immune mechanisms and 
regulating Salmonella infection in broilers. Michael 
Kogut*1; 1USDA-ARS, College Station, Texas, United 
States. 

To combat infections, hosts employ a combination of 
antagonistic and cooperative host defense strategies. The 
former refers to pathogen killing mediated by resistance 
mechanisms (disease resistance), while the latter refers to 
physiological defense mechanisms that promote host health 
during infection independent of pathogen killing, leading to 
an apparent cooperation between the host and the pathogen 
(diseases tolerance). In chickens, the paratyphoid 
Salmonella have evolved the capacity to survive the initial 
robust immune response and persist in the avian ceca for 
months without triggering clinical signs. The persistent 
phase of a Salmonella infection in the avian host involves a 
complex balance of antagonistic and cooperative host 
defense strategies. The initial phase (4-48 h post-infection) 
in the chicken cecum is characteristically an innate pro-
inflammatory response that controls bacterial invasion. The 
second phase (4-14 days post-infection) is characterized by 
an expansion of the T regulatory cell population in the cecum 
of Salmonella-infected chickens followed by distinct 
alterations of the immune and metabolic pathways that 

dramatically changes the local immunometabolic phenotype 
from pro-inflammatory to an anti-inflammatory environment. 
Our work has demonstrated that the 
paratyphoid Salmonella have evolved a unique survival 
strategy in poultry that minimizes host defenses (disease 
resistance) during the initial infection and then exploits 
and/or induces a dramatic immunometabolic reprogramming 
in the cecum that alters the host defense to disease 
tolerance. These results provide a basic understanding of 
how host metabolic adaptations during infection promote co- 
operative defenses between a host and enteric pathogens to 
drive asymptomatic carriage. Studies are planned to define 
the metabolic needs of the three players (host, microbiota, 
and pathogen) in an avian Salmonella persistent infection, 
the mechanisms through which they acquire nutrients, and 
whether each participant cooperates or competes to meet 
their own metabolic demands during infection has the 
potential to reveal new targets aimed at 
reducing Salmonella infections on the farm. 

531S Application of Salmonella genetics for targeted 
control strategies in poultry production. Steven C. 
Ricke*1; 1University of Wisconsin, Department of Animal & 
Dairy Sciences, Madison, Wisconsin, United States. 

Foodborne Salmonella continues to be an issue of public 
health concern. In the past few years considerable progress 
has been made on whole genome sequencing 
of Salmonella. This has led to extensive databases that 
provide for a better understanding of the genetics 
of Salmonella. In-depth genomic databases provide an 
opportunity for developing specific strategies to 
study Salmonella. As a result, genomic-based methods can 
be applied to track specific serovars and identify 
environmental factors that influence Salmonella virulence 
response during poultry production. This also offers the 
optimize more targeted interventions in both preharvest and 
postharvest production. 

532S Practical on farm interventions for controlling 
Salmonella - what works and what may work. Ken 
Macklin*1; 1Mississippi State University, Poultry Science, 
Mississippi State, Mississippi, United States. 

According to data from the Centers for Disease Control and 
Prevention (CDC), Salmonella is responsible for 
approximately 1.35 million illnesses, 26,500 hospitalizations 
and 420 deaths in the U.S. each year. Proposed framework 
from the U.S. Department of Agriculture (USDA) Food Safety 
and Inspection Service’s (FSIS) released in October 2022 
puts increased emphasis on preharvest controls to 
reduce Salmonella in the final poultry products. Even before 
this increased pressure to control Salmonella on the farm 
have been considered by the U.S. government. There have 
been many researchers both in academics and industry that 
have investigated methods and products to 
control Salmonella on the farm. These preharvest 
intervention strategies have run the gambit from the use of 
feed additives (pre- and pro-biotics, phytogenics, organic 
acids as well as others), manipulation of the diet, water 
additives, vaccination and poultry house management. 
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However with sound poultry house managment and good 
control programs in place this bacteria can be controlled, 
most of the time. 

533S Monitoring Salmonella in poultry: Establishing 
strategies from production to processing. Tomi 
Obe*1; 1University of Arkansas, Department of Poultry 
Science, Fayetteville, Arkansas, United States. 

The U.S. poultry industry has achieved a substantial 
reduction in Salmonella contamination in poultry and poultry 
products over the last few years, but this has not significantly 
impacted the levels of human salmonellosis associated with 
poultry. According to the last report of the Interagency Food 
Safety Analytics Collaboration (IFSAC) in 2020 on 
foodborne illness source attribution, chicken was highest 
source (17.3%) of all foodborne Salmonella illnesses, and 
this calls for changes in how we evaluate Salmonella control 
in poultry and during processing. Many of the current control 
measures focus on different antimicrobial interventions 

during processing, however Salmonella is hugely diverse 
with over 2500 serotypes that often respond differently to 
mitigation efforts. This has exacerbated the challenges 
to Salmonella mitigations and emphasized the need to 
develop targeted controls for Salmonella, one that considers 
the prevalent and persistent serotypes in poultry 
establishments. Moreover, it is crucial to 
consider Salmonella load when developing these strategies 
and this must be a collaborative effort between poultry live 
production and processing. Effective control strategies 
should include evaluating Salmonella prevalence and 
quantity during live production and effectively reducing 
microbial load to support post-harvest practices, which 
should consider serotype diversity when 
developing/implementing strategies. The industry has risen 
to the task of Salmonella controls in the past and with data-
driven strategies, both at production and processing will rise 
above the challenges in Salmonella diversity. 
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Symposium: Myopathies in broilers: Supply chain approach to provide 
answers/solutions to challenges of raising fast growing broilers

534S Biophysical basis of breast muscle myopathies in 
mroilers. Massimiliano Petracci1, Giulia Baldi1, Martina 
Bordini*1, Marco Zampiga1, Federico Sirri1, Francesca 
Soglia1; 1University of Bologna, Department of Agricultural 
and Food Sciences, Bologna, Italy. 

Artificial selection for fast growth and high breast yield has 
considerably marked up the pressure on breast muscle 
development rate and mass in modern broiler chicken 
hybrids, leading to the onset and progressive increase in the 
prevalence of growth-related muscle abnormalities and meat 
quality alterations (namely White Striping - WS, Wooden 
Breast - WB, and Spaghetti Meat - SM). Each defect 
manifests with distinctive phenotypes: the appearance of 
white striations running parallel to the muscle fibers direction 
(WS), out bulging and pale areas of hardened consistency 
(WB) and an overall detachment of the fiber bundles (SM). 
Besides the microscopic traits, which may help to explain 
their phenotypes, myopathic muscles share similar 
histological features including an overall re-organization of 
the muscle architecture that involves both the fibers (i.e., 
giant fibers with rounded profile and internal nuclei, 
degeneration up to lysis, regeneration) and the connective 
tissue composing the perimysial and endomysial septa (i.e., 
lipidosis, fibrosis, remodeling of the extracellular matrix). In 
the past few years, several studies have been carried out to 
investigate the biological mechanisms and cellular 
processes potentially involved in the phenotypical 
expression of these abnormalities. However, the exact 
mechanism underpinning their occurrence is not fully 
understood. Investigations carried out so far strengthened 
the hypothesis of a polygenic inheritance of these defects 
and allowed to identify different factors and time series of 
events which may be responsible for their development. 
Among them, vascular defects, altered lipid and glucose 
metabolisms, and endoplasmic reticulum stress are worth to 
be mentioned. It has also been recently suggested that 
particular attention should be addressed to embryonic 
development to select for hyperplasia and satellite cells 
activity. This will represent an alternative to post-hatch 
selection aimed at increasing muscle mass accretion 
through the hypertrophic growth of the existing myofibers 
and concurrently provide satellite cell pools able to support 
muscle growth. Indeed, it is commonly recognized that the 
occurrence of growth-related breast meat abnormalities 
boosts with increasing growth rate, slaughter age as well as 
breast yield and weight. Within this context, it seems that the 
artificial selection for broilers growth is close to biological 
limits and further improvements might be restrained by 
muscle biological potential and related animal welfare 
concerns. This review is therefore intended to make a 
summary of the historical background, main features, and 
possible causative mechanisms of breast muscle 
myopathies in broilers. 

535S Implications and remediation of myopathies in 
broilers. Casey M. Owens*1; 1University of Arkansas, 
Poultry Science, Fayetteville, Arkansas, United States. 

Broiler breast myopathies including woody breast, white 
striping, and spaghetti breast are quality defects that can 

cost the poultry industry millions of dollars per year. There 
has been substantial prevalence in recent years in the 
industry and there is potential for this high prevalence to 
continue in the future. The quality defects can cause textural 
issues and loss of water holding capacity in final products 
resulting in decreased value for processors and consumers. 
Having the ability to detect and sort product would allow 
processors to divert affected meat into more appropriate 
uses. Most research has been conducted evaluating woody 
breast due to its major textural issues. Researchers are 
continually developing new detection methods for woody 
breast and for it to be applicable, the technology has to be 
accurate and cost effective. Research has indicated that 
woody breast can be incorporated into further processed 
products such as ground patties, sausages, and deli loaves 
with some success. Utilization of woody breast meat in value 
added meat products can allow processors to maximize 
quality and usage of poultry meat with meat quality defects. 

536S How nutrition and management affect muscle 
myopathies in fast growing broilers. Randolph D. 
Mitchell*1; 1Perdue Farms Inc., Salisbury, Maryland, United 
States. 

In the last decade Woody Breast (WB) has evolved into the 
most important product quality issue for chicken meat. It has 
received much attention in academic journals and even the 
popular press. As scientists work to understand the exact 
mechanisms involved in the development of WB, the 
condition presents an interesting case study of its G x E 
interaction. The “G” or genetic component is illustrated by 
the higher incidence rate in strains of fast-growing broilers 
with higher meat yield. The “E” or environmental component 
is expressed by the dramatic variation in incidence and 
severity of WB across flocks of the same genotype. As 
geneticists work to lower the incidence through selection 
techniques; other researchers try to understand the many 
other factors including nutrition, management, health, and 
environmental conditions that influence occurrence of WB. 
Nutrition has received the most attention in this regard. The 
industry has struggled to find nutrition and management 
strategies to control WB while still optimizing the economic 
important traits of high-yielding broilers. For example, 
feeding diets high in essential amino acids to achieve higher 
breast meat yield is often employed by industry to maximize 
economic return. However, feeding diets with high essential 
amino acids such as lysine has been demonstrated to 
increase the incidence and severity of WB. Several feed 
additives have been shown to modulate the occurrence or 
severity of WB. However, single additives seldom deliver 
substantial benefit in isolation over the long term. Other 
management strategies employed to modulate WB include 
changing genetic lines, raising broilers sex-separately, 
lowering final live weight and altering the broiler growth 
curve. The success of these strategies to improve product 
quality often comes with higher production costs and lost 
revenue. 

537S Understanding the genetic basis of breast 
myopathies. Richard A. Bailey*1; 1Aviagen Ltd., Research 
and Development, Edinburgh, Scotland, United Kingdom. 
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Breast meat quality is critical for the supply of high quality 
retail products as it affects consumer acceptance and 
processing cost. Three novel breast myopathies have been 
reported over the last decade and these have impacted upon 
the quality of broiler breast meat. These myopathies have 
been termed wooden breast (WB), white striping (WS) and 
spaghetti breast (SB); they are independent myopathies and 
they can occur concurrently or individually. There has been 
a focus on understanding the aetiology and physiology of 
these novel myopathies in an attempt to reduce their 
incidence. Research has shown that these myopathies all 
share a root in hypoxia and oxidative stress, however the 
exact aetiology and circumstances by which they emerge is 
still not fully understood. One hypothesis for the 
development of the myopathies is that they are an unwanted 
side-effect of selection for breast yield and body weight. 
However, published data from large populations of broiler 
pure lines shows that the heritability for the three myopathies 
is low to moderate ranging from 0.04 for SB, 0.024-0.097 for 
WB and 0.185-0.338 for WS. This indicates that whilst there 
is a genetic component to the myopathies the major 
influence is from the non-genetic, management or 
environmental effects. The genetic component means that 
there is scope to select against the myopathies however, as 
they are low it is a long term strategy. In the shorter term 
there should be more focus on understanding the non-
genetic factors as they can likely be altered more 
immediately and they have a greater influence on the 
incidence of the myopathies. Furthermore genetic 
correlations between the myopathies and broiler 
performance traits such as breast yield and body weight are 
also low to moderate showing that there is limited shared 
genetic background between the myopathies and the 
performance traits. This is important as it indicates that 
selection for improved breast yield and broiler performance, 
and reduced incidence of myopathies is possible through 
balanced breeding. 

538S Broiler breast muscle myopathies: Association 
with satellite cells. Sandra Velleman*1; 1Ohio State 
University, Animal Sciences, Wooster, Ohio, United States. 

Meat quality is the result of the overall structure of the breast 
muscle and the cellular mechanisms regulating skeletal 
muscle development, growth, and regeneration in response 
to myofibrillar damage. Despite positive changes in breast 
meat yield and conformation, breast meat quality issues 
have arisen in meat-type broilers. In the past decade, 
necrotic myopathies resulting in muscle fiber fibrosis like 
Wooden Breast have become a global issue in all broiler 
chicken breeds. The morphological structure and meat 
quality of the breast muscle are the result of the cell biology 
governing development, growth, and regeneration. The adult 
myoblasts, satellite cells, are key in the regulation of muscle 
growth and repair. The satellite cells are the primary cell 
responsible for the enlargement of existing muscle fibers 
through hypertrophic growth. Excessive hypertrophic growth 
results in large diameter muscle fibers that reduce available 
connective tissue spacing and frequently result in the 
degeneration of the fibers requiring satellite cell-mediated 
repair mechanisms to be activated. If the myofibers become 
juxtaposed and begin to make contact, they frequently will 
degenerate. In heavy weight fast growing birds, myofiber 
contact is a common occurrence. If the satellite cells are 
suppressed in their proliferation and differentiation, the 

muscle fibers will not be regenerated back to their original 
state. We have found reduced proliferation and 
differentiation in current broiler breast muscle satellite cells 
compared to satellite cells isolated from broilers in the 
1990s. Thus, in heavy weight fast growing broilers, both 
excessively large diameter myofibers and reduced satellite 
cell-mediated repair have been found to occur. Taken 
together, we hypothesize a combination of excessive 
satellite cell hypertrophic growth and regeneration issues 
found in modern broilers is associated with the etiology of 
necrotic/fibrotic myopathies like Wooden Breast. 

539S Fast-contracting, white muscle fibers and meat 
1uality: What’s the relationship and why, and does it 
matter? J. C. Wicks1, C-N Yen1, M. Beline1, J. S. Bodmer1, 
M. Bertucci1, H. Shi1, S. L. Silva2, David E. 
Gerrard*1; 1Virginia Tech, School of Animal Sciences, 
Blacksburg, Virginia, United States; 2University of Sao 
Paulo, Animal Science Department, Pirassununga, SP, 
Brazil. 

Great progress in animal growth efficiency have occurred 
over the past several decades, primarily through improved 
nutrition and genetics. As incremental increases in efficiency 
continue to mount, resulting meat quality has changed. 
While producing more animal protein will likely continue to 
be a major goal of animal agriculture well into the 
foreseeable future, does meat quality really matter, and why 
has is suffered in the process of augmenting growth 
efficiency and mass. For nearly 30 years, the overall goal of 
our research program has been to increase lean tissue 
accretion that results in the highest quality meat possible for 
the global consumer. During that time, we have explored the 
molecular mechanisms in muscle that change in response to 
factors such as: growth promotants, hormones, naturally 
occurring genetic mutations, KO mice, genetic lines, and 
altered feeding regimes. At the same time, we have 
exploited the aforementioned models, and electrical 
stimulation, differential chilling, and created an in 
vitro glycolytic system to understand how energy 
metabolism postmortem alters fresh meat quality, primarily 
as its related to the ability of the lean to hold moisture and its 
appearance. While a general theme has emerged in our data 
regarding how muscle is changing and why it results in 
altered meat quality, at least in red meats, there is much to 
explore in regards to how animals and their carcasses are 
grown and handled postmortem, respectively. Therefore, the 
aim of this presentation is to stimulate thought in and around 
muscle growth and meat quality, and identify topics where 
greater discovery-based activities may be warranted. 

540S Detection, prevalence and disposition of 
myopathic chicken breast meat. Parker Hall*1; 1Perdue 
Foods LLC, Research, Development and Innovation, 
Salisbury, Maryland, United States. 

The myopathies of Woody Breast (WB; aka, Hard Muscle) 
and Spaghetti Meat (SM) in broilers pose significant 
challenges to the poultry industry. Fast-growing broilers 
produce meat that is a cost-effective protein of choice for 
many consumers. However, WB and SM are of primary 
concern in processing. Factors influencing these myopathies 
range from genetics to nutrition to handling and more. WB is 
characterized by hard, fibrous tissue that is difficult to chew 
and SM refers to muscle tissue that is soft and stringy. The 
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White Striping (WS) condition has increased from 26% in 
2012 to 95% in 2021, with negative impacts on meat quality 
(water holding capacity, marinade uptake and cook yield). 
WS will not be addressed here. These myopathies 
negatively impact meat quality, increase processing costs, 
and reduce consumer satisfaction. While the exact causes 
of WB and SM are not fully understood, it is believed to be 
related to muscle fiber composition and metabolism, 
nutritional imbalances and stress during muscle growth and 
development. Significant work is published on the 
influencers of WB and SM, this presentation will focus 
primarily on detection and disposition of the affected meat. 
Detection of WB post-harvest in pectoralis major is 
accomplished by NIR Spectroscopy or visual and tactile 
evaluation. In poultry processing both methods are used. 
Rapid detection via NIR is efficient and combined with 
physical handling during processing much of the severe WB 
can be detected. To date, detection of SM is by tactile and 
visual appraisal. Machine detection is probable and in 
development. As stated, prevalence of WB meat is declining 
while incidence of SM is increasing. Both WB and SM 
myopathies have significant negative impacts on meat 
quality in manufacturing and at the consumer level. Recent 
market studies indicate that the prevalence is industry wide. 
Once identified, affected meat of both WB and SM can be 
effectively utilized. Inclusion of WB in ground chicken 
products at certain levels does not negatively impact 
sensory quality or consumer acceptability. In fact, consumer 
testing indicates some positive benefits in adding certain 
amounts of WB to formulations. However, protein 
functionality, specifically physical factors such as cook yield 
and breading adhesion, are negatively impacted. In whole 
muscle applications, WB negatively impacts yield and 
texture. Additionally, consumer testing indicates that WB 
negatively impacts acceptability. However, use of a basic 
marinade improves eating quality characteristics of WB. 
Studies for the use and impact on quality of SM in further 

processing are in progress. Currently, most whole muscle 
SM is going directly into a consumer package. 

541S Industry perspective of managing myopathy in 
chicken breast products. Craig Bacon*1; 1University of 
Tennessee, Food Science, Siloam Springs, Arkansas, 
United States. 

Poultry meat texture and tenderness are key attributes that 
concern both processors and customers. The most 
important attribute of consumer acceptability is tenderness 
and despite this, chicken today has more texture 
opportunities than ever. Simmons Prepared Foods 
recognizes the path the poultry industry has been on the last 
several years to produce chicken breast meat with the best 
texture possible. Topics of discussion will include: where we 
have been as an industry regarding the bird we are 
processing, specific research Simmons has conducted to 
guide our breed selection and processing parameters, and 
how measuring texture is more important now than ever to 
maintain or improve customer experiences. 

542S Texture – A consumer perspective. Abbie Cuny*1; 
1Chick-fil-A Inc., Atlanta, Georgia, United States. 

As a quick service restaurant chain with chicken and grade 
A quality in our name, it is critical that we keep chicken 
quality top of mind. Historically, woody breast has only 
impacted heavier breast meat, but in 2019 we started 
noticing this myopathy in our breast filets. We have taken 
multiple steps over the last few years to try to reduce the 
occurrence of this myopathy. These steps have included 
genetics, growth rates, process improvements, hand 
scoring, and texture analysis. I will dig into how these levers 
have helped us make significant improvements, which have 
reinforced the grade A quality our customers have expected 
since 1946. 
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Symposium: Unraveling frontiers in poultry health: Strategies for disease 
prevention and control

543S Highly pathogenic Avian Influenza in the 
Americas. Is it time for a paradigm shift in control? David 
Suarez*1, Erica Spackman1, Chang-Won Lee1, Darrell 
Kapczynski1, Mary Pantin-Jackwood1; 1USDA-ARS, U.S. 
National Poultry Research Center, Athens, Georgia, United 
States. 

The current outbreak of goose/Guangdong H5 highly 
pathogenic is unprecedented in both geographic scope and 
the endemic nature of the virus in wild birds. Our current 
control strategy in poultry continues to be to rapidly 
diagnosis outbreaks and to rapidly respond through 
depopulation programs to limit spread. This approach has 
been largely effective with little evidence of farm to farm 
spread, but because of the widely endemic nature in wild 
birds, the number of outbreaks in both commercial and 
backyard poultry has exceeded over 800 affected premises. 
The number of cases in commercial poultry have decreased 
in 2023 compared to 2022, but outbreaks continue in 
backyard poultry and wild birds. It is unclear why a decrease 
in cases is occurring, but increased biosecurity hopefully is 
contributing to that reduction. Experimental studies of recent 
outbreak viruses, particularly in comparison with the 2014-
15 HPAI outbreak, shows that the current viruses are more 
infectious in chickens and turkeys. The virus transmitted in 
turkeys more efficiently than it did in chickens. Because of 
the cost of the test and eradication approach, interest in 
vaccination continues to grow. Vaccine use is not approved 
in the U.S. because of the negative ramifications to trade, 
but we do have several vaccines that are licensed for 
potential use. These include reverse genetics adjuvanted 
inactivated vaccines, herpes virus in turkey vectored 
vaccines, and an alphavirus vectored RNA particle vaccine. 
Although all of these vaccines are expected to protect 
against clinical disease, concern about the antigenic 
relatedness of available vaccines in protection against viral 
shedding remains. A recently completed study shows that 
matching the vaccine to the current outbreak strain provides 
the best protection, based on virus shedding. Despite the 
evidence for protection from vaccines, there is reluctance to 
use this option because it will affect trade of poultry and 
poultry products. Efforts to improve our ability to differentiate 
vaccinated from vaccinated and exposed birds (DIVA) 
strategy are ongoing to mitigate trade concerns. Because of 
the importance of U.S. exports, the future of control remains 
uncertain. 

544S Necrotic Enteritis and Gangrenous Dermaitis in 
broilers G. Donald Ritter*1; 1Poultry Business Solutions 
LLC, Norfolk, Virginia, United States. 

Necrotic Enteritis (NE) and Gangrenous Dermatitis (GD) are 
significant disease challenges in commercial broilers despite 
many years of basic and applied research into pathogenesis 
and control methods. Economic losses from these 
conditions are high, especially in broilers raised for No 
Antibiotics Ever (NAE) marketing programs. Field 
experiences and perspectives from broiler production 
veterinarians related to practical ways to reduce losses from 
these diseases may shed light on possible pathways for new 
research opportunities. Clostridium species (both 

pathogenic and non-pathogenic) are considered commensal 
organisms in the intestinal microflora of broilers. Disease 
states occur when certain clostridium overgrow and/or 
translocate from the intestine into other tissues. NE is 
caused when Clostridium pefringens (CP) numbers bloom in 
the midgut and produce toxins that lead to death. Cycling of 
Eimeria coccidial oocysts, especially E. maxima (EMx), 
causes intestinal damage and excess mucus production that 
provides an ideal environment for CP overgrowth. Thus, 
most cases of both subclinical and clinical NE are triggered 
by reproduction cycles of EMx, and controlling this coccidial 
pathogen is critical to successful control of NE. Applied 
research studies conducted over several years involving the 
use of live oocyst coccidial vaccines and their impact on 
incidence and severity of NE were conducted. Various dose 
and administration methods of coccidial vaccination were 
compared. GD occurs when CP and/or Clostridium septicum 
(CS) translocate from the intestine and end up in target 
tissues of skin and liver, where deadly toxins are produced. 
Although to a much lesser degree, GD can also be caused 
via environmental CP/CS contamination of damaged skin 
(scratches or cuts). Several years of applied research 
investigated the intestinal microflora associated with this 
disease state and methods of experimental reproduction. 
The impact of various feed additives (antibiotics and 
coccidiostats) on the intestinal microflora and associated 
incidence of GD were investigated. Differences in CP/CS 
pathotypes and their ability to reproduce GD were also 
determined. Lastly, relatedness of CP isolates from clinical 
NE and GD cases and their relative ability to cause GD were 
compared. 

545S Emerging and re-emerging diseases of 
commercial turkeys. Elise Gerken*1; 1Cooper Farms, Fort 
Recovery, Ohio, United States. 

Commercial turkey production has evolved over the years 
through adjustments in nutrition, genetics, and housing 
systems which has led to changes in disease pressures over 
the years through this evolution. This talk will review the 
diseases of commecial turkeys we see currently as emerging 
or re-emerging diseases through the industry. Discussion 
will cover distribution and prevelance of diseases seen in the 
industry, driving forces for their transmission and spread, as 
well as treatment and control measures from a field 
veterinarian perspective. 

546S Enteroids as a novel tool for studying the avian 
intestinal system. Yuhua Z. Farnell*1, Dan Zhao1, Kenneth 
J. Genovese3, Michael Kogut2, Morgan Farnell4; 1Texas 
A&M University, Poultry Science, College Station, Texas, 
United States; 2USDA-ARS, College Station, Texas, United 
States; 3USDA, ARS, College Station, Texas, United 
States; 4Texas A&M University, Poultry Science, College 
Station, Texas, United States. 

The crypt-containing stem cells have been used to establish 
the 3D multicellular intestinal organoids, also known as the 
enteroids, which recapitulate intestine epithelial structure 
and function and have been widely used for studying 
intestinal physiology, pathophysiology, molecular 
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mechanisms of host-pathogen interactions and intestinal 
disease in mammals. However, studies on avian enteroids 
are limited, and developing long-term cultures of the enteroid 
biobank for poultry research needs to be improved. 
Therefore, we aimed to establish crypt-derived enteroid 
biobank from chicken and turkey intestines and to optimize 
enteroid growth conditions, enrichments, passages, and 
cryopreservation. Crypt-containing stem cells were purified 
from the broilers, layers, and turkeys, embedded in a 
basement membrane matrix, and cultured with house-made 
enteroid growth media. The crypt-derived enteroids were 
successfully grown and propagated to form 3D sphere-like 
structures that were cultured and passaged for up to 6 
months. Cryopreserved enteroids for two years were able to 
grow and expand. The characteristics of enteroids upon 
extended passages and freeze-thaw cycles were analyzed 
using reverse transcription (RT)-PCR, immunoblotting, and 
live cell imaging. Immunoblotting and RT-PCR using E-
cadherin (the marker for epithelial cells), leucine-rich repeat-
containing G protein-coupled receptor 5 (LGR5, the marker 
for stem cells), chromogranin A (the marker for 
enteroendocrine cells), lysozyme (the marker for Paneth 
cells), and mucin (the biomarker for goblet cells) confirmed 
that enteroids were composed of heterogeneous cell 
populations, including enterocytes, stem cells, 
enteroendocrine cells, Paneth cells, and goblet cells. We 
have successfully established the enteroid biobank for 
broilers, layers and turkeys. The enteroid model will be 
essential in advancing our knowledge in antimicrobial drug 
screening, the molecular mechanism of crosstalk between 
gut epithelial and immune cells, and dietary supplement 
screening to improve gut health in poultry and vaccine 
development. 

547S Histomonas Meleagridis – Life Cycle and 
Transmission. Ruediger Hauck*1; 1Auburn University, 
Auburn, Alabama, United States. 

Histomonas meleagridis is a unicellular parasite that can 
cause high mortality in turkey flocks. Characteristic gross 
lesions are severe inflammation of the ceca and liver. In 
chickens, H. meleagridis can cause similar, less severe 
lesions, but mortality is low. The parasite can persist for 
weeks or even months in recovered chickens. At present, 
prevention of the introduction of the disease into poultry 
flocks is the only way to prevent disease outbreaks. To 
design effective biosecurity programs, knowledge of the life 
cycle and transmission is vital. H. meleagridis spreads 
directly between turkeys that are in close contact to each 
other, most likely by cloacal uptake of fecal material 
containing the parasite. In contrast, direct transmission 
between chickens is much less effective. A further limiting 
factor of direct transmission is that H. meleagridis survives 
for less than a day in the environment. To survive longer 
outside the host, H. meleagridis uses eggs of the cecal 
worm Heterakis gallinarum. In birds infected with both 
parasites, H. meleagridis can infect the gonads of the cecal 
worm and is then shed within the worm eggs. This 
mechanism is very important in chickens. However, turkeys 
are less susceptible to infections with H. gallinarum and, if 
infected by uptake of H. gallinarum eggs with H. 
meleagridis, will usually succumb to histomoniasis before 
sexual maturity of the cecal worm. Earthworms can carry H. 
gallinarum eggs, which stay infective inside their paratenic 
hosts for a long time. This seems to be the main reason why 

premises on which chickens were kept can remain lethal for 
turkeys for years. Further indications for the importance of 
earthworms are anecdotal observations that many 
histomonosis outbreaks occur after rain, which drives 
earthworms off the ground. Concrete floors or covering dirt 
floors with heavy tarps may prevent infection of turkey flocks 
for some time. However, earthworms are unlikely to 
contribute to the transmission of H. meleagridis between 
farms. This transmission seems to occur since turkey farms 
closer to chicken farms are more likely to get infected with 
histomoniasis than turkey farms that are farther away. 
Various insects have been implicated as potential vectors 
for H. meleagridis and H. gallinarum. Other potential vectors 
for long-distance transmission are wild birds. It is certain that 
gallinaceous birds can be infected by H. meleagridis, and it 
is possible that ducks and geese can shed the parasite for 
some time after infection. In addition to the exact host 
spectrum, the most important open question regarding the 
transmission of H. meleagridis is if it can form stages that are 
resistant in the environment, which has been postulated, but 
not proven. 

548S Histomonosis: Where Are We Headed? Danielle 
Graham*1, Billy M. Hargis2; 1University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States; 2University 
of Arkansas, POSC, Fayetteville, Arkansas, United States. 

Commercial turkeys are highly susceptible to H. 
meleagridis infection, with histomonosis-associated 
morbidity and mortality often exceeding 70% in severely 
afflicted turkey flocks. With the removal of nitarsone from the 
market in 2015, there are no approved prophylactics or 
therapeutics available for histomonosis control in 
commercial poultry flocks. Research efforts at the University 
of Arkansas have consisted of evaluating the anti-
histomonal activity of chemicals or naturally derived 
compounds in vitro and in vivo, investigating the efficacy 
and feasibility of oral or intracloacal vaccination with live 
attenuated H. meleagridis strains, and assessing the impact 
of environment and diet on the horizontal transmission of H. 
meleagridis in turkeys. Ongoing and future research focused 
on mitigating horizontal transmission of H. 
meleagridis include characterizing the effect of ambient 
temperature and humidity on heterakid egg and histomonad 
survival and transmission, assessing the impact of perch 
implementation during the challenge period infection rate, 
and evaluating dietary modifications on disease severity and 
progression. Additional studies are in progress to determine 
whether chickens and turkeys cycle the same Heterakis 
gallinarum strains and to evaluate the fecundity of He. 
gallinarum in commercial turkeys. Efforts to better define the 
risk of histomonosis outbreaks associated with other 
vectors, including invertebrates such as earthworms and 
darkling beetles in commercial turkey flocks are also 
underway. Alternative methods for vaccination are also 
being pursued. 

549S How close are we to an effective treatment for 
Histomoniasis? Chongxiao Chen*1; 1University of Georgia, 
Poultry Science, Athens, Georgia, United States. 

Histomonas meleagridis is a protozoan that causes 
histomoniasis, a disease that primarily affects turkeys as well 
as chickens to a lesser extent. The bans of therapeutic and 
prophylactic compounds in many countries have resulted in 
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an increase in histomoniasis outbreaks in recent years, 
emphasizing the need for alternative strategies to control the 
disease. Such strategies could target early disease 
detection, preventive measures, reducing transmission, and 
therapeutic alternatives. This presentation will discuss 
current management methods, with an emphasis on pest 
control, to minimize the introduction of histomoniasis. A 
recent project involving cedar extracts has shown repellent 
effects in darkling beetles, an important vector for 
histomoniasis, providing a potential alternative to reduce the 
introduction of the disease. Early detection of disease is 
critical in reducing transmission and saving more birds. 
Behavior observations have shown that disease-related 
behavioral changes in older turkeys are not evident until the 
late stages of infection. However, core temperature 
measurements have revealed an interesting early fever that 
could be a potential parameter for disease detection. 
Regarding preventive treatments and therapies, 132 
products from 28 companies have been tested, and 28 

products have been tested at multiple levels. A total of 197 
trials were conducted to find effective treatments. Meta-
analysis showed the effectiveness of tested alternatives in 
reducing mortality decreased when the outbreak resulted in 
higher mortality. Meanwhile, the current data sets also 
showed functional carbohydrates category has a slightly 
higher potential to mitigate disease-related mortality than the 
rest. Even though some tested products showed different 
levels of reduction in morbidity and mortality, a therapeutic 
product is still needed to resolve histomoniasis. At last, 
nutritional factors have been found to influence disease 
progression, with low-density diets and feed withdrawal 
exacerbating disease progression and mortality. These 
factors need to be carefully considered in disease 
management and research projects. It also suggested that 
improved communication and collaboration between 
nutritionists and veterinarians may be necessary to optimize 
disease management strategies. 
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Symposium: Alternative slaughter procedures: On-farm slaughter and 
transport system for broilers

550S Potential benefits for animal welfare, the 
environment, public image. Karen Christensen*1; 1Tyson 
Foods, Office of Animal Welfare, Springdale, Arkansas, 
United States. 

The idea of innovative changes to common practices can 
have very significant, widespread improvements an existing 
process. The idea of developing a system for first processing 
of broiler chickens on the farm is quite novel and challenges 
conventional thinking about how this is has always been 
performed. A new concept of completing first processing of 
broilers at the farm has holistic appeal in the areas of 
welfare, environment and public perception. Reducing the 
stress of catching and transportation of live broilers is likely 
to have significant improvements in injuries, carcass 
damage and yield. Transportation KWI’s like injured wings 
and DOA’s will be significantly reduced. The change in 
process is will reduce the amount of energy and water 
needed for holding sheds and scalding. An important aspect 
is public perception of the industry. Live haul trucks are 
public face of the industry and are often a target of negative 
public comments and add fuel to NGO pressure to reduce 
animal protein availability. Additional public concerns are 
raised when the environmental conditions are extreme. The 
benefits of reduced stress, reducing environmental impacts 
and responding to public pressure makes on farm 
processing a concept worth considering. 

551S Live transport of poultry – impacting the welfare 
and meat quality of birds. Karen Schwean-Lardner*1, 
Trever Crowe1; 1University of Saskatchewan, Animal and 
Poultry Science, Saskatoon, Saskatchewan, Canada. 

Understanding the effects of transportation on welfare of 
poultry is difficult, as many factors can impact the 
physiological and behavioral responses of the birds. These 
include type of transport vehicle (mechanical vs passive 
ventilation), intentional/unintentional openings, temperature 
and relative humidity interactions, wind speed, duration of 
transport, bird species, bird weight, crate/module design and 
density, health of the birds, vibration, noise level and others. 
To examine targeted components of transportation stress, 
research in our lab at the University of Saskatchewan has 
focused on use of environmental chambers to study the 
specific effects of temperature and relative humidity 
combinations at bird level (cold vs hot vs moderate) in 
combination with simulated trip duration on broilers, turkeys, 
laying hens and pullets. Variables measured included 
behavioral and physiological responses, many of which have 
impacts on meat quality. This presentation will give a brief 
overview of results obtained from these research projects. 

552S Overview of On-Farm slaughter and transport in 
the future. Alex V. Samoylov*1, Wayne Daley2, Aklilu 
Giorges1; 1Georgia Tech, Georgia Tech Research Institute 
ATAS, Atlanta, Georgia, United States; 2Georgia Tech 
Research Institute, ATAS/FPTD, Snellville, Georgia. 

The humane treatment of broilers during processing is a 
priority for the poultry industry. Pre-slaughter routines such 
as broiler catching and transport are the most stressful 

stages of the broiler production process and are known to 
have significant physiological and behavioral effects. As part 
of these routines, broilers are manually captured, crated, 
and loaded onto trailers for transport from the grow-out farm 
to the processing facility. During this period, they may 
experience heat and environmental stress, bruising, and 
injury. These welfare issues are endemic to the current 
process and are not easily addressed through incremental 
innovation. It is time to reimagine how broiler transport works 
and the proposed On-Farm Processing and Transport 
System (FPaT) has a chance to do that. The goal is to 
develop alternative broiler chicken transporting methods that 
dramatically improve animal well-being by eliminating live 
transport and transporting carcasses instead. The 
envisioned mobile FPaT system modifies the process by 
stunning, killing, and shackling the broilers at the farm, thus 
minimizing live handling and eliminating live transport. A 
separate unit then transports the shackled carcasses to a 
poultry processing plant. The hypothesis is that the FPaT 
approach will dramatically improve bird well-being by 
reducing live handling, eliminating live transport, eliminating 
DOAs, reducing water and energy consumption, reducing 
labor, and providing better working conditions for catching 
crews. For an initial assessment of the operability of the 
FPaT system, teams from the Georgia Tech Research 
Institute, the University of Georgia, Auburn University, and 
the USDA processed broilers using a proof-of-concept 
shackle transport system and tested effects from the delay 
processing carcasses using FPaT approach on picking, 
carcass damage, bacterial loading, and meat quality. This 
presentation will introduce the FPaT system and describe 
the experiments that were conducted at the commercial 
facility. 

553S At plant Processing – de-feathering and carcass 
quality. Brian Kiepper*2, Aklilu Giorges1, Alex V. 
Samoylov1; 1Georgia Tech, Georgia Tech Research Institute 
ATAS, Atlanta, Georgia, United States; 2University of 
Georgia, Poultry Science, Athens, Georgia, United States. 

Live haul is one of the major components of the current 
broiler production system. However, due to the evolving 
production environment, including animal welfare, declining 
resources, environmental concerns, and the need to 
maximize productivity and profitability, new thinking about 
live haul and whole broiler processing system is required. 
Although in its infancy, this "Alternative Slaughter 
Procedures: On-Farm Slaughter and Transport System for 
Broilers" study is one alternative being evaluated by a 
diverse group of researchers. On-farm slaughter alters the 
current processing standard of picking carcasses 
immediately after slaughtering. One of the objectives of this 
comprehensive study is to elucidate the effect of delayed 
processing on subsequent feather removal and carcass 
damage following scalding and picking at the processing 
plant. An experiment consisting of 3 trials, conducted on 3 
separate production days, was completed in a commercial 
broiler processing facility utilizing a total of 240 carcasses. 
During each trial, 60 broiler carcasses were randomly 
selected and removed from a shackle line after bleed out. 
Selected carcasses were then placed on specially designed 



 

2023 PSA Annual Meeting Abstracts 246 
 

hanging racks, leg banded and assigned to 1 of 3 treatments 
(2-, 4- or 6-hour delay). The next 20 carcasses were allowed 
to pass through scalding and picking as usual without delay 
and the carcasses were collected, leg banded for graded as 
a control group. Each of the 3 trials utilized 80 carcasses. 
After the designated delay period, the 20 carcasses 
assigned to that treatment were rehung on the shackle line 
and were scalded and picked. After picking, the carcasses 
were removed from the shackle line and graded. Carcasses 
were graded in 4 categories: feather picking quality, number 
of broken wings, number of broken shanks, and 
miscellaneous other carcass damage. Feather picking 
quality was scored as 1, 2, or 3, where 1 indicated no 
feathers left on carcass, 2 indicates a few remaining 
feathers, and 3 represented many feathers left on the 
carcass. A mean feather picking quality score was 
calculated for each of the 4 treatment groups (control, 2-, 4-
, and 6- hour delay) for each trial and resulting means were 
statistically analyzed. Experiment results showed significant 
differences in feather picking quality (control = 1.27b, 2-hr = 
1.52ab, 4-hr = 1.53a, 6-hr = 1.40ab). In general, a parabolic 
feather picking quality trend was observed. Results of 
number of broken wings, broken shanks, and miscellaneous 
damage were also compared between treatments and the 
control group show a slightly better performance than the 
delay process groups, although not statistically significant. 

554S Effects of delayed broiler carcass processing on 
De-feathered carcass microbiology. Dianna Bourassa*1; 
1Auburn University, Poultry Science, Auburn, Alabama, 
United States. 

One major concern with regards to On-Farm Slaughter is the 
potential for an impact on the safety of raw poultry products 
produced in this system. In a series of experiments were 
conducted evaluating microbial changes when scalding and 
defeathering were delayed following slaughter. In 
Experiment 1, carcasses were held for 0 or 8 h post-
slaughter and eviscerated whole carcass rinses (WCR) 
evaluated for aerobic plate counts (APC), 
Enterobacteriaceae (EB), Salmonella, and Campylobacter. 
In Experiment 2, carcasses were held for 0 or 4 h at 4C, 27C, 
or 40C and eviscerated WCR evaluated for APC, 
EB, Salmonella, and Campylobacter. For Experiment 3, 
carcasses were processed in a commercial processing 
facility and held for 0, 2, 4, or 6 h. Post-defeathing carcass 
rinses were evaluated for APC, EB, Salmonella, 
and Campylobacter. Following 8 h of processing delay, 
APC, EB, and Campylobacter were significantly higher at 8 
h compared to 0 h but no difference was observed 
for Salmonella. In Experiment 2, there were significantly 
fewer Salmonella WCR positive samples for the 40°C 
carcasses in comparison to 4°C or 27°C carcasses (20% vs. 
100%). No differences were observed in APC, EB, 
or Campylobacter from WCR samples. For Experiment 3, no 
differences were observed for EB (3.6 log CFU/mL) 
or Salmonella (87% positive). There was a slight increase of 
approximately 0.4 log CFU/mL of APC after 4 or 6 h of hold 
time and an increase between 2 and 4 h 

for Campylobacter (45% to 79% positive). However, this 
increase may have been due to carcass defeathering at a 
later timepoint during the commercial facility operational 
shift. Overall, the changes in carcass microbiology from 0 h 
versus delayed processing carcasses was minimal and is 
not expected to influence meat product safety. 

555S Effects of delayed broiler carcass processing on 
breast meat quality. Brian Bowker*1, Hong 
Zhuang1; 1USDA-ARS, U.S. National Poultry Research 
Center, Athens, Georgia, United States. 

In modern broiler production systems, live birds are 
transported to large commercial processing facilities where 
they are slaughtered. During this last stage of production, 
the cumulative effects of numerous antemortem and 
postmortem factors influence the quality characteristics of 
broiler carcasses and meat products. Recently, investigators 
have explored the idea of shifting the broiler stunning and 
killing steps from the commercial processing facility to on-
farm. Slaughtering broilers on-farm would eliminate potential 
animal welfare concerns associated with transporting live 
birds to processing facilities. However, on-farm slaughter 
would result in a time delay between the stunning-bleeding 
steps and the scalding-picking-evisceration steps of the 
slaughter process. Recent trials conducted in both pilot plant 
and commercial processing facilities assessed the effects of 
on-farm slaughter (and by default delayed processing) on 
breast meat quality. In a pilot plant study, broilers were 
stunned using different methods (electrical, gas, low 
atmospheric pressure stunning) and processed after a 2 h 
delay between stunning-bleeding and scalding steps. In a 
commercial plant study, broilers were electrically stunned, 
bled, and then subjected to a 2, 4, or 6 h delay before 
proceeding through the remaining processing steps. 
Delayed processing does not seem to affect ultimate meat 
pH. Shear force data suggest that delayed processing may 
improve cooked breast meat texture. The effects of delayed 
processing on the water-holding capacity of the meat as 
determined by drip loss, cook loss, and freeze/thaw loss are 
minor but vary and may depend on the duration of the delay 
in processing and type of stunning. The greatest impact of 
delayed processing on breast meat quality seems to be on 
the visual characteristics of the meat. Delayed processing of 
broiler carcasses results in a greater proportion of breast 
fillets with areas of red discoloration on the cranial end of the 
raw fillets. However, this discoloration is not visually 
discernable in cooked and/or marinated breast fillets and is 
minimized after a freeze/thaw cycle. Further research is 
needed to investigate how bird stunning, storage conditions 
during the delayed bleed-out period, and subsequent 
carcass chilling and handling methods can be optimized to 
ensure meat quality, particularly as it relates to potential 
meat discoloration. However, current data suggest that on-
farm broiler slaughter and delaying the time between initial 
broiler slaughtering steps (stunning-bleeding) and 
subsequent carcass processing steps may be possible 
without negatively impacting breast meat quality. 
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Symposium: Methods in poultry meat research

556S Texture testing of raw and cooked poultry 
meat. Casey M. Owens*1; 1University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States. 

Texture, including tenderness, of poultry meat is a driving 
factor for consumer acceptance and these attributes can be 
impacted by many aspects. The time of deboning can have 
the greatest impact on breast meat tenderness of market 
broilers. Therefore, it is critical to control for deboning time 
when assessing for other factors of interest such as 
nutritional, age, genetic, or processing treatments. 
Instrumental testing of texture is key for research practices 
as well as quality control because sensory panels can be 
costly and require more resources. Historically, tenderness 
of poultry has been assessed in a cooked state and by a 
variety of methods including Allo-Kramer, Warner-Bratlzer, 
and Meullenet-Owens Razor shear. Several factors 
including shearing method, cooking method, endpoint 
temperature, and shearing temperature can impact results 
and should be controlled. While shearing fillets in the cooked 
state is important when assessing for textural aspects 
related eating quality, more recently, hardness of raw broiler 
breast meat has been assessed to provide information 
regarding myopathies, namely woody breast. This 
assessment relates an instrumental measure to manual 
palpation assessment of fillets. However, assessing meat in 
the raw state to predict cooked meat quality has not been 
successful. Understanding key factors in texture analysis, 
sample handling and preparation, and absence or presence 
of myopathy is important in order to make appropriate 
assessment of poultry meat. 

557S Measurement of poultry meat color: Traditional 
and advanced approaches. Amit Morey*1; 1Auburn 
University, Poultry Science, Auburn, Alabama, United 
States. 

Meat color is the first quality characteristics impacting 
consumer willingness to pay. Color and its preference can 
be measured using sensory analysis and compared to 
objective methods of analysis. Traditionally, objective color 
measurements are carried out using colorimeters which 
commonly use Hunter LAB and CIE LAB values. The LAB 
system represents lightness (L*), red-green (a*) and blue-
yellow (b*) scale which can be further used to calculate hue 
angle and saturation index. These systems should be used 
in conjunction with stricter reporting of the measurement 
parameters and instruments used to allow for efficient 
comparison of the data and allow repeatability of the 
experiments. Some other laboratory-based methods involve 
extraction of myoglobin and hemoglobin and measuring 
them using spectroscopy to evaluate the effects of various 
meat quality/processing conditions impacting the final color 
of the meat. In addition to the laboratory-based methods, the 
speed of processing lines demands much faster 
technologies that can accurately classify the meat according 
to its color and sort it rapidly. Advanced methods such as 
machine vision and spectral imaging combined with data 
analytics and robotics are being increasingly used to 
improve meat quality presented to the consumer. Moreover, 
advanced systems will allow for understanding the factors 
responsible for the variation in colors which can be used to 
further optimize production parameters. 

558S Microbiological methods for advancement of 
poultry meat research. Manpreet Singh*1, Jasmine 
Kataria2; 1University of Georgia, Department of Food 
Science and Technology, Athens, Georgia, United 
States; 2University of Georgia, Poultry Science, Athens, 
Georgia, United States. 

Poultry and poultry products have been recognized as one 
of the major sources of infections caused 
by Salmonella and Campylobacter spp. These pathogens 
contribute to about 29.2 and 71% of poultry-related 
foodborne illnesses in the United States, respectively 
Existing challenges with the control of poultryborne 
pathogens, Salmonella and Campylobacter demand the 
adoption of microbiological methods that are rapid and can 
accurately estimate the prevalence and quantification of 
these pathogens to ensure safety of poultry and poultry meat 
products. This presentation will cover qualitative and 
quantitative microbiological methods for pathogens and 
approaches for rapid decision making to ensure safety of 
poultry and poultry products. 

559S Sensory evaluation of poultry meat. Tullia Gallina 
Toschi*1,2, Matilde Tura1, Mara Antonia Gagliano3, Enrico 
Valli3,2, Massimiliano Petracci3,2; 1Alma Mater Studiorum-
Università di Bologna, Department of Agricultural and Food 
Sciences, Bologna, Italy; 2Interdepartmental Centre of 
Industrial Agrifood Research, Alma Mater Studiorum – 
Università di Bologna, Cesena, Italy; 3Department of 
Agricultural and Food Sciences, Alma Mater Studiorum-
Università di Bologna, Cesena, Italy 

Specific characteristics of chicken (genetic background, 
gender, age at slaughter, etc.), farming system or the feed 
composition, can influence the quality of chicken meat, 
including sensory aspects, such as color, texture and flavor. 
Generally, to set the sensory specification for food, four main 
steps are requested: i) Samples selection representing their 
variability on the market, including defects; ii) Evaluation of 
the perceived difference(s) (discrimination test) and 
descriptive methods to quali-quantitative assess the sensory 
profile, i.e. positive descriptors and defects; iii) Acceptability 
tests with consumers and iv) Evaluation of the relationship 
between the variability of the perceived attributes and 
consumers’ liking. A key point is to define a sensory 
vocabulary and quality standard of the product using 
descriptive methods, and have a well-trained sensory panel 
able to evaluate the product by identifying the attributes and 
quantifying their intensity. Several descriptive methods can 
be applied, i.e. conventional ones, such as Quantitative 
Descriptive Analysis®. Results of the descriptive test, 
namely proposed descriptors and their perceived intensities, 
have to be statistically elaborated to see if they are 
significant and, once verified, used in a sensory sheet to 
assess the presence of defects or differences with a 
standard product. Also rapid descriptive methods, such as 
Check-All-That-Apply (CATA), can be used. For this 
approach, a trained panel (8-12 assessors) is not 
necessarily needed, but a large number of untrained 
subjects is requested and this can be advantageous as it 
could be coupled with liking and/or acceptability tests. It is 
essential to underline that the sensory quality includes the 
descriptors defined and quantified by trained subjects and 
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what non-trained subjects perceive, considering that these 
are the final consumers. One example of the evaluation of 
consumers’ perception can be found in a recent research 
study that we carried out. In particular, five chicken breast 
samples (1 control sample with conventional feed, 2 
samples fed with a substitution of the 9% and the 18% of 
Black soldier fly flour - Hermetia illucens - to conventional 
feed and 2 samples with a substitution of the 3% and the 6% 
of Spirulina algae to conventional feed) have been tested by 
84 subjects. They were asked to provide sensory CATA 
responses, the indication of perceived intensities of 4 
selected attributes and their liking. Results submitted to 
Cochran’s Q test highlighted that, in this case, liking is 
related to pink color and juiciness texture. A general guide to 
assess the sensory quality of chicken meat products, 
including some practical examples, will be given during this 
lecture. 

560S Genetic selection and meat quality 
research. Richard A. Bailey*1; 1Aviagen Ltd., Research and 
Development, Edinburgh, Scotland, United Kingdom. 

Meat quality traits along with breast yield are a key focus for 
primary breeders to ensure continuous improvements. 
When meat quality issues like breast myopathies arise, they 
must be understood and characterised in order to develop a 
strategy to reduce their incidence. For genetic selection for 
a specific trait to be successful it is important to ascertain its 
genetic basis; this is done by estimating its heritability and 
the genetic correlation with other traits in the breeding goal. 
Successful estimation of the genetic parameters relies upon 
accurate definition and subsequent detection of the trait. In 
the case of the novel breast myopathies (wooden breast, 
white striping and stringy spongy), where they can occur 
together or independently of each other it can be difficult to 
correctly recognise their presence or absence. Therefore it 
is essential that a robust procedure is in place to accurately 
record each myopathy in the affected breast muscle to 
ensure accurate downstream analyses. If a myopathy is 
found to have limited heritability then selection against it will 
be difficult as it is more under the influence of non-genetic 
factors. In this case the non-genetic factors must be 
identified so that management strategies can be 
recommended and implemented to reduce incidence. If a 
trait has a moderate to high heritability then selection 
for/against this trait is possible but success is dependent 
upon continued accuracy recording the trait. Genetic 
correlation with other traits is also an important consideration 
as a trait which is highly correlated (positively or negatively) 
can influence or be influenced through selection. In the case 

of breast myopathies heritability is low to moderate 
indicating that whilst non-genetic factors are more important 
a selection strategy can be implemented. The genetic 
correlations between the myopathies and important broiler 
traits are low to moderate meaning that through balanced 
breeding both can be selected for successfully in the desired 
direction. 

561S Methods for measuring water and fat holding 
capacity in poultry meat. Shai Barbut*1; 1University of 
Guelph, Food Science, Guelph, Ontario, Canada. 

Lean poultry meat contains 75% water and therefore it is 
extremely important to determine factors affecting water 
holding capacity (WHC), as well as fat holding capacity 
(FHC; note: fat can range from 5 to 30%). Today, one can 
find different methods and conditions to determine 
WHC/FHC in the scientific literature and this makes it difficult 
/ impossible to compare results, treatments and their effects. 
Consumers obviously do not like to see packages of fresh / 
cooked meat products with free water. Therefore, the 
industry employs different strategies to eliminate this 
phenomenon, as well as better bind moisture during the 
cooking operation when meat proteins are denaturated and 
their WHC and FHC decrease. One of the most common 
concepts to evaluate WHC/FHC is to use centrifugation 
(accelerated g-force) to shorten testing time and obtain 
results prior to meat being used at the plant (e.g., for a least 
cost formulation program) or the products being shipped to 
the market. In a recent literature review test parameters 
varying from g-force of 50 to 30,000, sample size from 2 to 
30 grams, centrifugation time (5 to 60 min), and test 
temperature (0 to 30 C) where found. This is even before 
introducing other parameters such as salt concentration 
(used to extract salt soluble proteins), sample pH, time post-
mortem, and muscle location. Other methods for WHC/FHC 
are also reported in the scientific literature and include, for 
example, the application of mechanical pressure (press 
method), water molecule relaxation time (use of NMR), and 
long term storage (shelf life studies). In the presentation the 
main methods will be reviewed, and a standardized test will 
be proposed where factors such is water reabsorption during 
the slow down period of the spinning centrifuge are also 
addressed (e.g., sample put on a small platform in the test 
tube). The overall goal is to suggest a standard method for 
individual applications; i.e., studying WHC/FHC in fresh 
meat might not be exactly the same as for meat during 
cooking. 
  



 

2023 PSA Annual Meeting Abstracts 249 
 

Symposium: Digital tools and big data approaches to maximize 
performance and profitability

562S Big Data: Something old, something new, 
something borrowed, something blue. Tom D’Alfonso*1; 
1USSEC, Austin, Texas, United States. 

The marriage of big data to artificial intelligence (AI) opens 
many gifts: from old ideas of measurement and prediction, 
to the newest algorithms beating us at chess and doing our 
homework. It is important to retain what we have learned 
over several thousand years as we explore the new 
possibilities of AI. The concept of random variables and 
algorithms has multiple origins. The word algebra is Arabic 
and predates the height of Babylonian civilization. A history 
of data analysis, curve-fitting, and statistics would include 
the names Euler, Gauss, Turing, and Fisher, with the latter 
2’s contributions being 100 years old. The variance function 
does a lot of heavy lifting in modern statistics and AI. It is the 
sum of all the variance of the factors measured, times the 
partial derivatives of the response function, and the sum of 
all the covariance between factors, multiplied by the partial 
derivatives. The variance of the prediction equation changes 
with the values of the factors. For example, in linear 
regression the derivative is just the coefficient; however, if 
the model is quadratic, the derivative is 2 times the 
coefficient. Furthermore, covariance between factors is 
important to measure and manage, if possible. The variance 
equation simplifies greatly when the factors are independent 
because the covariance is zero in that case, and we don’t 
have to figure out partial derivatives. In fact, in the most 
common case of estimating the mean, the variance goes 
down by (1/n) where n is the number of measurements. The 
key is having independent measurements, and this also 
applies to the averaging of multiple functions. The modern-
day neural network is mathematically a statistical network, 
and the variance function applies. The most intelligent AI 
systems are analyzing data and applying algorithms to do 
things or make conclusions. For these, too, the variance 
function applies, and having multi-dimensional and diverse 
independent approaches has the potential to lower variance 
and improve accuracy. Borrowing from poultry science and 
management, we can look at common prediction equations, 
such as growth curves, and methods of measurement and 
analysis, such as biomarkers, and consider how the 
variance function applies. Another gift of the marriage of big 
data and AI is our understanding of data governance and 
best practices coming from our premier IT industry leaders. 
IBM (“Big Blue”) was the first to beat humans at chess 
(“Deep Blue”). Now IBM offers world-class data security with 
algorithms originating from their earliest AI endeavors. 
Companies such as Amazon and Microsoft have widely 
used database platforms, and companies such as Atlassian 
are producing IT tools for implementing best practices. 

563S Current data insights and practices for a poultry 
nutritionist. John T. Halley*1; 1J Halley Poultry Consulting, 
LLC, Siloam Springs, Arkansas, United States. 

The poultry industry has been on a journey of data collection 
and use since its beginnings. There have been many 
advances in how data is generated and collected which the 
industry has adopted to facilitate their nutrition and live 
production teams ability to manage various aspects of the 

production process more efficiently. Despite advances in 
data acquisition and utilization in many fields of science, the 
poultry industry doesn't seem to be taking full advantage of 
these promising new technologies. This talk will summarize 
conversations that I have had with poultry nutritionist, 
veterinarians, and live production managers concerning their 
experiences with the current data acquisition within their 
companies and how they (hope) to see this change in the 
future. I will also discuss the experiences of those I spoke 
with concerning where they feel the industry is currently in 
the transition to a digital future and how they see this going, 
and where. What are the obstacles and opportunities that we 
can expect to either speed this up or slow us down, or maybe 
keep us where we are today. The comment that I heard most 
often was in regard to the handling of data. Most companies 
still receive their data in the same manner that they have for 
the last 30-40 years. Whether it is ingredient assays or raw 
live data, it comes to them generally as "dead" numbers 
which must be entered into a spreadsheet for further 
manipulation or it is a form which is immediately usable it 
must still be merged with other data to make better use of it. 
Probably the biggest issue we have in the poultry industry is 
that for any given complex the live production data that we 
receive each week is only descriptive of what occured over 
the previous grow out cycle. It is almost impossible to use 
this data to make future decisions, especially when we factor 
in seasonality. The only way to do this properly is to use real 
time data collection that can help us to get ahead of the cycle 
and try to predict the outcome. If we can tie the live data into 
the processing plant outcome then we can begin to use AI 
and Machine Learning tools to help us make decisions 
before the birds are even placed. How do we make this 
happen and what companies can help this to become 
reality? 

564S New Technologies for Monitoring Animal Health 
and Welfare. Rocio Crespo*1; 1North Carolina State 
University, Population Health and Pathobiology, Raleigh, 
North Carolina, United States. 

Poultry veterinarians and producers work very closely to 
maintain the health of their flocks. Veterinarians help with 
diagnostics and treatments when there are diseases 
occurring on the farm, and more importantly, to prevent 
diseases from happening. New technologies and information 
systems can assist to respond more quickly to poultry flocks’ 
health concerns. Furthermore, improved diagnosis provides 
a stronger defense against the spread of infectious diseases 
within a flock, between flocks and, in the case of zoonotic 
diseases, between other animals and people. This 
presentation provides an overview of a few technologies and 
examples of research on relation to poultry health monitoring 
and welfare. Standard techniques for diagnosing disease in 
commercial poultry include gross and histopathologic 
examinations and detection of infectious agents by isolation 
or polymerase chain reaction (PCR) assays. However, some 
metabolic and nutritional diseases cannot be diagnosed 
using these techniques or can only be detected at an 
advanced stage, such as heat stress, hypoglycemia, 
hypernatremia, hyperkalemia, or rickets. ‘Point of care’ 
(POC) diagnostics provide rapid results without needing an 
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external laboratory, offering immediate answers to 
concerned owners and producers. This is a new area of 
investigation with great potential to help more closely 
management of poultry flocks. When performed regularly in 
a flock, blood evaluation, using POC analyzers, can also 
function as a powerful monitoring and prevention tool. It can 
identify risks for disease problems, assess nutritional status 
and evaluate the effect of environmental and management 
manipulations on the flock. Our lab is working with some 
blood chemical indicators and how they relate to brooding 
conditions and heart diseases in turkey poults. We are also 
evaluating blood chemicals to prevent musculoskeletal 
problems observed in heavy breeders and meat type 
chickens. In relation to enteric pathogens, we are also 
developing and validating a software-assisted application to 
count and speciate coccidia. This technology generates fast 
and accurate results that would allow quicker treatment of 
the affected flock. Most important, with this tool fewer birds 
would die or need to be euthanized, leading to improved 
welfare and a reduction in economic loss for poultry 
producers. Furthermore, this approach also creates a record 
that can be audited and compared with other farm reports. 
In summary, poultry producers and veterinarians are 
increasingly using technologies that provide more, better, 
and earlier data about the signs and symptoms of disease. 
These newer technologies hold immense promise to 
strengthen prevention, productivity, and overall increase 
animal welfare. 

565S Could farm animal livestock scientists utilize a 
personalized nutrition platform to improve the quality of 
protein production? Gil Blander*1, Chandler Keck1; 1Inside 
Tracker, Cambridge, Massachusetts, United States. 

Livestock producers seek to optimize the economic, societal, 
and environmental sustainability of animal protein 
production. To help achieve this goal the opportunities that 
cutting-edge digital research and technology might provide 
are gaining attention. For example, novel biomarkers may 
give insights on the nutrition, welfare and disease status of 
animals or even shed light on complex behavioral patterns. 
Such insights also enable more precise or tactical 
interventions by live production professionals, veterinarians 
or nutritionists. However, personalizing interventions based 
on the various biological processes in each individual is non-
trivial. One service which was developed by a joint venture 
between DSM and InsideTracker is Verax. InsideTracker is 
a personalized health analysis and data-driven wellness 
guide, founded by leading scientists from MIT, Tufts, and 
Harvard, designed to help people live healthier longer. One 
blood test fuels InsideTracker’s patented AI platform to 
provide each user with hyper-personalized 
recommendations for a longer healthier life. In 2018, 
InsideTracker published a peer-reviewed paper in Nature’s 
Scientific Reports journal: “Longitudinal analysis of 
biomarker data from a personalized nutrition platform in 
healthy subjects”(Westerman et al., 2018). This study 
analyzed results in a cohort of over 1,000 users and 
observed statistically significant improvements in key 
biomarkers of health including glucose, LDL and hsCRP, 
validating that the solution works. Verax is building on the 
foundations created by InsideTracker and offers a unique 
personalized health and nutrition platform for farm animals. 

Verax has made significant headway in the broiler industry 
by providing individualized feedback, including 
recommendations on diet, veterinary, and live production 
choices. For instance, from one sampling, Verax was able to 
identify the root cause of an intestinal flushing issue via a 
particular blood biomarker signature (hyperchloremic 
acidemia) as being related to metabolic acidosis instead of 
the assumed disease challenge. By following Verax’s 
recommendation of an adjustment of dietary electrolyte 
balance, the customer was able to increase revenue by an 
estimated $39,000/week via a 20% improvement in paw 
quality. This presentation will share insights from the 
InsideTracker experience in precision health and wellness 
monitoring of humans and provide inspiration for how these 
may be more fully leveraged in animal production. 

566S An integrated information based system for 
precision nutrition. Chelsea A. Phillips*1, Aaron 
Cowieson2; 1DSM Nutritional Products, Lexington, 
Massachusetts, United States; 2DSM Nutritional Products,, 
Kaiseraugst, Switzerland. 

Sustainable and profitable production of commercial poultry 
requires cooperative effort in a multidisciplinary team. Live 
production professionals, veterinarians and nutritionists 
collaborate to diagnose and resolve acute and chronic 
issues, optimise husbandry conditions, respond to changing 
regulation, market dynamics, supply chain pressures and 
genetics. Sources of objective information are 
critical to enable accurate learning loops and for making 
strategic business decisions, from least cost 
formulation and use of prescription pharmaceuticals to 
capital investment in farms, hatcheries, feed mills 
and processing plants. The emergence of digital tools, data 
analysis platforms and mobile point of care devices creates 
a significant opportunity space to enable novel intelligence 
gathering. VeraxTM is a new digital platform that has 
recently been launched by DSM Nutritional Products as part 
of a wider initiative in precision services. VeraxTM collects a 
wide variety of meta-data relevant to broiler production e.g. 
weather, genetics, veterinary health outcomes, geographical 
location etc and statistically aggregates these features with 
blood biomarkers. In total, VeraxTM monitors 20 blood 
biomarkers that provide insights in various physiological 
domains, including plasma proteins, electrolytes, enzymes 
and minerals. Baselining these biomarkers is important to 
create the necessary contrast between healthy and 
unhealthy individuals. For example, ionized calcium in blood 
varies from 1.25-1.35 mmol/l in healthy broiler chickens but 
can deviate from this substantially when birds are under 
disease pressure or have metabolic or respiratory 
disturbance in their acid/base balance. Chicks with blood 
ionized calcium concentrations of below 1.0 mmol/l exhibit 
increased skeletal abnormalities and impaired nerve 
function. Examination of individual biomarkers in this way is 
instructive, but aggregating biomarkers in related sub-sets, 
such as exploring blood calcium and phosphorus in birds 
with metabolic acidaemia, or in cohorts with enteric 
pathologies, delivers novel observations. Resulting 
machine-learning classifier models give disruptive insights 
into the influence of nutrition and health status of broilers on 
blood biochemistry and have predictive potential to help 
poultry professionals make more informed decisions. 
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Symposium: Primary poultry meat processing

567S Automation in large poultry processing 
plants. Shai Barbut*1; 1University of Guelph, Food Science, 
Guelph, Ontario, Canada. 

Over the past century, the poultry meat industry has seen 
significant changes in the volumes and equipment used to 
harvest and process fresh meat. Increased use of dedicated 
machinery as well as automation has led to a significant 
increase in line speed, meat harvesting yield and sanitation. 
For example, today a fast line can handle + 15,000 broilers 
per hour, whereas 50 years ago the number was 3,000 
broilers. In new plants one can see the use of a fast image 
analysis system applied to each individual bird (front and 
back). The data are used for grading, sorting, decisions 
about portioning. etc. These developments have required in-
depth understanding of the pre and post rigor processes to 
eliminate defects such as poor de-feathering, bruising, cross 
contamination. Procedures such as control atmosphere 
stunning, electrical stimulation and maturation chilling are 
now common in modern plants, allowing more automation 
and shorter time to deboning, while harvesting high quality 
meat. Robots designed to cut / portion meat are also 
becoming common and replacing traditional manual 
operations. This is a challenge, because high speed 
equipment is not always sensitive to variations in size/quality 
issues, and therefore requires the invention and application 
of unique sensors and control systems. Also, progress in 
raising larger birds (via breeding and genetics) is 
contributing to some challenges in uniformity which should 
be addressed when automated equipment is used. 

568S Modern stunning methods for poultry 
processing. Dianna Bourassa*1; 1Auburn University, 
Poultry Science, Auburn, Alabama, United States. 

The stunning of poultry is a critical step in the conversion of 
muscle to meat. There are several stunning methods 
available to poultry processors with electrical waterbath 
stunning and controlled atmosphere stunning being the most 
frequently utilized methods. Although electrical stunning has 
been used for some time, improvements continue to be 
made and well managed systems are effective with minimal 
detriment to bird welfare and product quality. Controlled 
atmosphere stunning is becoming a more frequently 
adopted system due to several factors including and 
improved perception of animal welfare, ease of shackling, 
and meeting a market demand for poultry meat produced 
using controlled atmosphere stunning. However, there are 
several factors slowing the adoption of controlled 
atmosphere stunning systems. A clear understanding of 
modern stunning methods and how those methods impact 
both bird welfare and product quality is needed to move 
forward with continuous improvements. 

569S Transformation of muscle to meat during poultry 
processing. Brian Bowker*1, Hong Zhuang1; 1USDA-ARS, 
U.S. National Poultry Research Center, Athens, Georgia, 
United States. 

Skeletal muscle is a complex, highly organized tissue that 
undergoes a myriad of interacting physical and chemical 
changes as it is converted to meat during the slaughter and 
processing of poultry. During primary poultry meat 

processing, live birds are slaughtered by stunning and 
exsanguination. Carcasses are scalded and picked to 
remove feathers, eviscerated, and then chilled prior to 
second processing steps, which may include aging, 
deboning, and further processing. During poultry slaughter 
and processing there is an underlying postmortem 
conversion of muscle to meat as muscle tissue is attempting 
to maintain physiological homeostasis. However, due to the 
cessation of blood flow, the muscle loses its supply of 
oxygen, its ability to remove metabolic waste, its nutrient and 
antioxidant supply, its osmotic equilibrium, and its neural and 
hormonal regulation. As a result of the slaughter process and 
the changes occurring in the tissue, within the first few hours 
postmortem the muscle experiences a shift from aerobic to 
anaerobic energy metabolism, a decline in pH, rigor mortis 
development, and a drastic temperature reduction (live body 
temperature to less than 4°C). The rate and extent to which 
these postmortem phenomena occur in the tissue can have 
a direct impact on meat functionality and fresh meat quality 
characteristics such as texture, water-holding capacity, and 
color. Both antemortem and postmortem factors associated 
with the slaughtering and processing of poultry can influence 
postmortem muscle energy metabolism, rigor mortis 
development, and meat quality. Antemortem factors such as 
live haul conditions, lairage, and shackling may affect the 
activity, stress level, and muscle energy status of the birds 
immediately pre-slaughter which can influence carcass and 
meat quality. Steps in the poultry processing sequence, 
including stunning, scalding, chilling, deboning, and carcass 
electrical stimulation also have a direct impact on meat 
quality traits. The conversion of muscle to meat is a complex 
process in which the key steps occur within the first few 
hours postmortem during poultry slaughter and processing. 
Developing a more thorough understanding of muscle 
changes that occur during this critical early postmortem 
period is essential for ensuring that modern poultry slaughter 
and processing systems are optimized to enhance not only 
processing efficiency but also product safety, yield, and 
quality. 

570S Industry challenges for primary poultry 
processing. Parker Hall*1; 1Perdue Foods LLC, Research, 
Development and Innovation, Salisbury, Maryland, United 
States. 

Primary poultry processing is the first step in producing meat 
for consumption. The industry faces significant labor, 
automation and meat quality challenges impacting 
sustainability, profitability and ability to meet demand for 
poultry products. Examining these challenges and 
identifying solutions is warranted. Poultry processing 
includes harvesting, evisceration, and packaging of poultry 
products. According to the Food and Agriculture 
Organization (FAO), global poultry meat production 
increased from 68 million tons in 2000 to 118 million tons in 
2019, at a growth rate of 3.4% annually. Due to this growth, 
industry must address labor, automation and meat quality 
challenges to satisfy demand. Labor Challenges. Arguably, 
labor is the major challenge. The industry is heavily 
dependent on manual labor. The availability of labor is at a 
point where processors are experiencing >50% turnover, 
impacting consistency and stability in processing. The labor 
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shortage is driven by aging workers, low wages and difficult 
working conditions. According to the National Chicken 
Council, the industry employs more than 300,000 people 
that represents about 40% of total processing costs. Any 
disruption in labor has a significant impact on profitability. As 
a result, solutions are needed to reduce turnover rate by 
addressing working conditions, wages, and job security. 
Automation Challenges. Automation is an ever-evolving 
reality of the industry. Poultry is lagging adoption of 
automation compared to others, such as automotive. 
Automation can help overcome labor challenges, reduce 
costs, and improve efficiency. However, automation creates 
other challenges. The high capital cost of automation 
equipment makes it difficult for processors to adopt 
automation and subsequently achieve a fair return on 
investment. Additionally, with evolving pathogen regulations 
and worker safety concerns, sanitary and ergonomic design 
of processing equipment must be considered and 
addressed. Food safety and worker safety are critical in 
automating processes. Standardization of requirements in 
automation is necessary for effective solutions. Meat 
Quality Challenges. Meat quality significantly impacts both 
processors and consumers. Quality is critical for profitability 
and reputation. Poor quality leads to inefficiency, lower 
value, and impacts consumer confidence. Meat quality is 
influenced by factors like genetics, nutrition, and welfare pre-
harvest and processing conditions at harvest. Myopathies in 
chicken breast meat specifically include woody breast and 
spaghetti meat. These conditions are well studied and 
documented. Evaluation of influencing factors, detection, 
and remediation are important to understand and positively 
impact meat quality. 

571S Welfare considerations during poultry 
transportation and harvesting. Karen Christensen*1; 
1Tyson Foods, Office of Animal Welfare, Springdale, 
Arkansas, United States. 

It is important to consider the welfare of broilers during 
transportation and harvest to maximize yield and meat 
quality. There are a lot of processes going on in this short 
time and they are all different. Transportation includes 
catching, either machine or hand, travel, unloading, stunning 
and slaughter. Each of these activites require the knowledge 
and skill to protect the birds and prevent injuires that will lead 
to downgrading and product loss. External factors like 
weather also play a significant role in weflare during this 
time. A thorough understanding of each step and effective 
employee training will help to protect broiler welfare and 
maximize meat quality and yield. 

572S Sub-zero chilling (SSC) improved processing 
efficiency, microbial safety, and meat tenderness of 
poultry carcasses. Ike Kang*1, Dong Ahn2, Young Min 
Kwon3, Han-seok Seo3, Danyi Ma1, Siroj Pokharel1, Jasmine 
T. Moallem4, Emily Beckerman1, Shreyash Patel1; 1Cal Poly, 
San Luis Obispo, Animal Science, San Luis Obispo, 
California, United States; 2Iowa State University, Animal 
Science Department, Ames, Iowa, United States; 3University 
of Arkansas, Fayetteville, Arkansas, United States; 
4California Polytechnic State University, San Luis Obispo, 
Animal Science, San Luis Obispo, California, United States. 

Poultry became the world’s most consumed meat in 2019 
while providing a choice of cheaper and healthier meat than 

red-meat products. Subsequently, the demand for poultry 
meat increases continuously, and the poultry industry 
attempts to enhance the number of birds and the processing 
speed of carcasses. Currently, broilers are processed and 
chilled in cold water in the United States or cold air in the 
European community that takes about 1.5 – 2 h and 2 - 3 h, 
respectively. Sub-zero saline chilling (SSC) of poultry 
carcasses demonstrated the improvement of chilling 
efficiency, bacterial reduction, meat tenderness and overall 
processing costs. The chilling efficiency is enhanced due to 
the sub-zero chilling temperatures, the bacterial reduction is 
obtained by the negative environment of cold saline, and the 
meat tenderness is achieved owing to the expedite chilling 
for less heat and cold shortening. More interestingly, the 
chilling technology has the potential to mitigate the 
occurrence of pale soft and exudative (PSE) meat in turkey 
and waster savings with recycling the red water. 

573S Canonical mapping and advanced robotic 
manipulation of poultry. Konrad Ahlin*1, Benjamin 
Joffe1; 1Georgia Tech Research Institute, Atlanta, Georgia, 
United States. 

This research is an attempt to use advanced robotics and 
artificial intelligence to autonomously perform the "rehang" 
task common in poultry processing. The intelligence and 
coordination required to complete operations within poultry 
processing creates a barrier that typically prevents 
mechanized solutions. Modern automation is simply not 
sophisticated enough to emulate human performance. 
Rehang, in particular, requires intelligent part recognition 
and dexterous manipulation. This research has developed 
tools that begin to tackle the challenges of robotic labor in 
poultry processing. The imaging system utilizes a branch of 
artificial intelligence known as "canonical mapping," where 
every pixel within an image is directly mapped onto an 
idealized 3D mesh of the object. The robotic path planning 
achieves coordinated motion between a pair of robotic 
manipulators using high dimensional path planning. With the 
combination of these technologies, a set of robot arms is 
capable of identifying relevant parts of a WOG ("Without 
Giblets", the state of the bird before rehang) and lifting the 
bird onto a shackle. This research uses two, UR5 
manipulators mounted approximately a meter apart from one 
another with a RGB-D Azure Kinect camera looking down at 
the space between the arms. Each arm is equipped with a 
plastic hook that can grasp the hock joint, and a stationary 
shackle is within reach of both arms. For the purpose of this 
research, the WOG will be singulated. Using canonical 
mapping, the WOG is imaged and analyzed, and the hocks 
of the bird are identified and localized in 3D space. With this 
information, the two arms can each simultaneously grasp a 
hock of the WOG and lift the bird. The arms then place the 
bird onto the shackle. This methodology uses the "Secant 
Method" for robotic manipulators to treat the entire system 
as a twelve DOF (degree-of-freedom) trajectory planning 
operation rather than traditional robotic methods that would 
operate as two six DOF manipulators. The benefit of 
operating as a a twelve DOF system is that the arms are 
capable of greater flexibility and error correction. This 
system is capable of reliably identifying relevant features of 
a singulated WOG and can use this information to lift the bird 
onto a stationary shackle to perform the rehang task. At this 
stage, the experiment is still very much a research effort, 
completing the task in roughly twenty seconds, and the 
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system would not be sufficient for line speeds. However, this 
research demonstrates that operations that have 

traditionally been seen as the domain of manual labor are 
beginning to be automated with advanced robotics. 
  



 

2023 PSA Annual Meeting Abstracts 254 
 

Symposium: Lighting strategies to improve poultry welfare

574S Recent Innovations in Lighting Technologies: an 
overview. Aaron B. Stephan*1; 1Once Innovations by 
Signify, Research and Innovation, Plymouth, Minnesota, 
United States. 

The lighting industry has experienced numerous 
technological advancements over the past 150 years. Since 
the invention of the incandescent light bulb by Thomas 
Edison in 1880 and its subsequent mass production by 
Philips Lighting in the 1890’s, the use of artificial lighting has 
enabled the poultry industry to bring the birds indoors and to 
exert a greater control of environmental parameters. 
Subsequent development of compact fluorescent lighting 
imparted greater luminous efficiency but with a reduction in 
spectral quality. Light emitting diodes (LEDs) were initially 
used as indicators on electronic devices, but the Nobel 
Prize-winning invention of the blue LED completed the ability 
to manufacture efficient and spectrally complete LED-based 
luminaires. Today, LED lighting is regarded as the default 
light source for poultry housing. The use of LEDs enables 
unprecedented luminous efficiencies and control over 
spectrum, intensity, distribution and temporal lighting 
dynamics. Technological progress continues to improve 
LED wafer epitaxy and phosphor photochemical properties. 
Improvements in drivers and circuit components result in 
longer-lasting luminaires that exhibit superior tolerance to 
power line inputs, enable precise and deep dimming and 
color mixing. Methods for controlling the lights are improving 
from phase-cutting AC current, to power line communication, 
to wireless technologies. Contributions from material 
sciences have enabled improvements in luminaire housing 
and lenses, improving heat sink performance and overall 
longevity under wet, dusty, and ammonia-rich barn 
environments. Finally, integration of lighting control with 
sensors and AI models are enabling the possibility to 
improve management of poultry flocks through feedback 
control. Biologically, several key questions remain. Given 
the species-specificity in visual and non-visual perception of 
light, there is a clear need for improved quantitative 
descriptors for illuminance, color-rendering, circadian impact 
and flicker sensitivity. Moreover, how and where to best 
apply lighting to improve poultry health, well-being, and 
production remains a topic of intense study-- specifically how 
lighting spectrum, intensity, distribution, and temporal 
dynamics (and their interactions) impact each stage and 
each segment of the poultry industry. The subsequent 
speakers in this symposium will highlight specific examples 
of their cross-disciplinary work in this regard. Together, a 
theme emerges that shows that innovation at the 
technological level continues to enable innovation at the 
biological level. 

575S Evaluation of lighting intensity and spectral 
preferences in fast- and slow-growing broiler 
strains. Ingrid de Jong*1; 1Wageningen University and 
Research, Wageningen Livestock Research, Wageningen, 
Netherlands. 

Light is an important aspect in broiler management, as it 
affects not only performance but also welfare and health of 
the broilers. Light has many aspects: spectrum, intensity, 
source (artificial or natural) and schedule (light-dark rhythm), 
and these likely interact with each other. In the previous 

years research mainly paid attention to light schedules and 
to a lesser extent to the intensity and spectrum that should 
be provided during rearing. With the introduction of LED 
technology it is now possible to adjust lighting in any possible 
way to meet the need of the birds and adapt the light aspects 
to the type of chicken, age, time of the day and functional 
area in the house. Light schedules in practice are however 
often based on assumptions as there is very little knowledge 
on the needs and preferences of chickens for the various 
light aspects. Here we present the first results of a 4-year 
project aimed to provide chickens with functional lighting 
programs to guarantee performance and improve their 
welfare and health. In the first year of the project we 
specifically studied the preferences of fast- and slower-
growing broilers for intensity and spectrum, to provide a 
scientific background for the design of functional lighting 
programs. In this presentation the results of two preference 
trials will be discussed. In the first trial fast- and slower-
growing chickens were provided a free choice for four light 
intensities: 0.2, 20, 50 and 1000 lux, and we determined their 
preference and how the preference depended on the age, 
breed, and behavior. In a second preference trial with a 
similar set-up we determined the preference of both a fast- 
and slower-growing breed for spectra with more green or 
more blue light, both provided at 15 and 100 lux. The results 
of those two trials will be discussed with respect to the 
design of light programs. Finally, an outlook will be given to 
the other trials performed within the project, both on 
experimental and commercial scale. 

576S Management of egg-laying chickens in aviaries 
with spectrally-dynamic lighting schedules. Max 
Pfund*1; 1Herbruck’s Poultry Ranch, Saranac, Michigan, 
United States. 

Aviaries present unique challenges in the management of 
layer flocks. Light may be used to aid in the management of 
layers in aviary systems by influencing their physiology and 
behavior. We developed a lighting system that is capable of 
programmable zoning and spectrally adjustable color 
changing light which can be controlled on a set schedule or 
changed in a few seconds in order to help with the many 
developing needs of a flock. By offering dynamic, spectrally 
tunable lighting, we are able to positively influence natural 
behaviors and productivity in a commercial setting. Using 
this system, we tested the effects of different lighting 
programs in a commercial layer facility and evaluated flock 
performance and welfare. We found that a lighting program 
that considers lighting duration, intensity, spectral/color 
adaptations during different parts of the day along with 
factors such as ventilation, breed, age, activity level and 
house design, resulted in higher productivity, lower mortality, 
a reduction in mislaid eggs with reduced feather pecking and 
more hens accessing perching areas. 

577S Lighting gradients promote freedom of choice for 
broilers. Karen Christensen*1; 1Tyson Foods, Office of 
Animal Welfare, Springdale, Arkansas, United States. 

While most conventionally-grown broilers are raised under 
uniform light intensities, preference studies show that birds 
prefer to exhibit different behaviors throughout the day under 
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different light intensities. Our work has shown that when 
presented with a choice in light intensities by the use of light 
gradients over the feed lines that become dimmer near the 
walls, Broilers tend to exhibit greater natural behaviors such 
as dustbathing at greater frequnecy in the gradient light as 
compared to continuouos illumination. Resting behaviors 
tend to occur in dimmer areas of the house. Voluntary 
movement is increased as birds move in and out of the 
dimmer areas and eat and drink in the bright areas. The light 
gradient can be considered an enrichment as it adds 
complexity and choice to the environment. 

578S Light spectrum and commercial broiler 
welfare. Karen Schwean-Lardner*1; 1University of  
Saskatchewan, Animal and Poultry Science, Saskatoon, 
Saskatchewan, Canada. 

Since Light Emitting Diode (LED) lighting has become more 
commonplace, significant interest has been expressed for 
use in poultry barns. The advantages include long-lasting 
and low cost use, and the ability to create monochromatic 
lighting sources. Research into the use of varying light color 
use in broiler barns has been in the literature for decades, 
and methodologies have ranged from using colored paper 
over incandescent bulbs to create colored lighting, to more 
modern use of these LED bulbs. Published literature has 
reported improvements in many aspects of production, 
including growth and numerous welfare parameters. 
However, in many cases, light intensity has been balanced 
across experimental treatments in units of lux. This is 
important, because lux is based on the human lighting 
spectrum, not that of poultry. Birds have significantly better 
visual capability than do humans, particularly on the outer 
sections of the lighting spectrum. So, if colored lighting is 
used, and intensity is measured in lux, then light intensity, 
based on birds visual ability, becomes a confounding factor, 
and impacts that may be noted are a result of wavelength x 
intensity, not wavelength alone. This presentation will 
discuss how welfare parameters change, or do not change, 
when light color is tested and intensity is balanced for bird 
visual capabilities. 

579S Broiler laser environmental enrichment: What 
have we learned? Meaghan M. Meyer2, Elizabeth A. 
Bobeck*1; 1Iowa State University, Animal Science, Ames, 
Iowa, United States; 2Iowa State University, Animal Science, 
Ames, Iowa, United States. 

Improvements to broiler chicken performance and 
sustainability have resulted in a bird that can be market 
ready in less than two months. In response to consumer 
concerns about broiler welfare, many broiler integrators are 
now interested in including additional enrichment forms to 
the broiler environment during the grow out period; however, 
environmental enrichment options that promote voluntary 
exercise are lacking. One environmental enrichment method 
using visual stimulation of the bird’s predatory instinct is a 
laser device developed by Meyer, Bobeck et al. (2019, 2021, 
2023). The device projects 5 randomly moving red lasers 
onto the pen floor for limited (4-6 min) daily time periods to 
motivate natural foraging and locomotory behavior. Several 

research scale experiments with the objectives to measure 
laser enrichment impact on fast-growing broiler behavior, 
welfare, production, and breast meat quality have found 
improved or maintained broiler performance and consistent 
improvements to behavior, including increased individual 
bird activity and overall movement (P<0.05). Importantly, 
across several studies, the birds do not appear to acclimate 
to the laser and stay active participants through 5 or 7 weeks 
of life (P<0.05). Across two studies, laser enrichment 
numerically increased the percentage of broilers without the 
woody breast myopathy at harvest (P>0.05), and positively 
affected breast muscle gene expression (P<0.05). Additional 
work aimed to determine effects of laser enrichment on bird 
affective state has found that corticosterone, a validated 
marker of acute stress in broilers, is reduced in birds 
exposed to life-long laser enrichment as they near market 
weight (wk 5-7; P<0.05). While a minority of the birds (≤10%, 
dependent on age) have been observed actively engaged 
with the laser (following or pecking) during enrichment 
periods, this engagement serves to influence other birds, 
resulting in increased pen-wide activity across multiple 
studies (P<0.05). Current work is focused on optimizing 
duration and frequency of laser exposure at the research 
level as well as working with industry partners to test and 
optimize laser enrichment in commercial houses. Additional 
goals of future work are to validate and understand the 
improved breast muscle outcomes observed, hypothesized 
to be a result of laser-motivated exercise. Overall, laser 
enrichment has consistently maintained or improved broiler 
growth performance while stimulating exercise in 
characteristically inactive, fast-growing commercial lines of 
birds without inducing stress or hurting meat quality. 

580S Physiological and welfare effects of lighting for 
ducks pre- and post-egg incubation. Gregory 
Archer*1; 1Texas A&M University, College Station, Texas, 
United States. 

As duck production becomes more prevalent on a global 
scale, modern duck housing systems must maximize duck 
productivity. The welfare of an animal influences its 
productivity, and is therefore useful in evaluating which 
environmental factors, such as artificial lighting, are more 
favorable in duck production systems. However, limited 
research has examined the manipulation of photoperiod and 
light spectrum on Pekin duck welfare and growth. While 
there has been extensive research in the areas of 
photoperiod, lighting spectrum, lighting intensity and other 
facets of lighting in broilers there is still much to be 
investigated in ducks. While it may be thought that the 
knowledge we have of how lighting affects chickens could 
be applied to ducks this is not often true. Ducks while similar 
in their perception of light to chickens have evolved in a 
different habitat and therefore have differences in lighting 
perception and response. However, like other poultry ducks 
have been observed to be greatly impacted by lighting during 
the post-hatch period but also pre-hatch as well. Lighting can 
alter brain development, stress response, health and growth 
in poultry. Making lighting possibly one of the under-utilized 
means to improve not only production but the welfare of 
commercial poultry including ducks.  
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Symposium: Formulating with net energy for more sustainable poultry 
production

581S Revisiting the energy systems: challenges and 
opportunities. Pierre Cozannet*1, Yves Mercier2, Mingan 
Choct3; 1Adisseo, Franca SAS, Antony, France; 2Adisseo 
France S.A.S., R&D, Malicorne, France; 3University of New 
England, School of Environmental and Rural Science, 
Armidale, New South Wales, Australia. 

Feed accounts for approximately 60-70% of production cost 
for swine and poultry. At least 50 per cent of these feed costs 
can be attributed to providing energy to the animal, thus 
making energy the most important “nutrient”. Competition 
among resources between feed and food is pushing animal 
production to resort to more and more non-conventional raw 
materials, which in turn demands an in-depth understanding 
and evaluation of ingredient composition. As such, an 
attempt to refine the energy systems is a logical first step for 
productivity gains in monogastric animal production. 
Energy is a complex entity as it is not a “nutrient” as such 
because it is derived from several nutrient sources (ex. 
amino acids, fat, carbohydrates). Dietary energy is 
partitioned as gross energy (GE), digestible (DE), 
metabolizable (ME) and net energy (NE). Whilst the DE and 
ME systems rely on the correction of energy intake for fecal 
energy loss and both fecal and urinary energy loss, 
respectively, the NE system considers heat losses during 
metabolism (Heat Increment). In another word, the NE 
content of a diet consists of the sum of energy required for 
maintenance as well as for protein and lipid deposition in the 
body. As an example, the ME value of an ingredient amounts 
to approximately 75% of GE, i.e., 25% is lost in the feces and 
urine. Similar losses occur via heat increment, which makes 
it questionable whether the continuous use of ME values in 
feed formulation is sustainable. The NE measurement is 
complex, time consuming and expensive. It requires the 
development of precise prediction equations based on an 
adequate number of practically relevant complete diets with 
proper nutrient balance. In addition, the test diets must avoid 
strong correlations among major nutrients that can result in 
inherent bias to the prediction equation. Due to good NE 
prediction equations that exist for swine (Noblet et al. 1994) 
and poultry (Wu et al. 2019), there is greater global 
momentum to transition into the NE system for poultry. In 
general, the NE value is a better predictor of animal 
performance. Furthermore, use of NE in feed formulation 
results in a reranking of feed ingredients when compared to 
the ME system, prioritizing high energy ingredients over 
protein sources. This tends to lower the dietary nitrogen 
level. Moreover, NE system allows for the partitioning of 
energy for tissue growth, maintenance, and "non-productive" 
requirements such as immunological response, increased 
tissue renewal, etc., resulting in a better accounting and 
partitioning of energy for these extra requirements under 
challenging conditions. 

582S The NE values of the diets and ingredients of 
poultry: methodological approaches. Pierre Cozannet*2, 
Shubiao Wu1; 1University of New England, School of 
Environmental and Rural Science, Armidale, New South 
Wales, Australia; 2Adisseo France SAS, Antony, France. 

The major cost of poultry feed is energy, accounting for more 
than 70% of the feed costs. Therefore, accurate formulation 
of feed energy with adequate ingredient energy values is 
paramount for the effective formulation of poultry feed. 
Currently, apparent metabolizable energy (AME) is still used 
to assess the available energy in ingredients and feed for 
poultry. However, the limitations of AME have been 
recognized since the 1940s. Net energy (NE), the energy 
system measuring the actual energy used for maintenance 
and production, is more accurate for the feed formulation to 
meet the requirement of the animals, which has been used 
in other animals such as ruminants and swine. In poultry, the 
use of the net energy system has been halted due to the 
difficulty in achieving accurate measurement of NE or, more 
exactly, the inability to predict NE for feed and ingredients. 
Also, the benefit of using NE vs AME has not been 
demonstrated on a large scale or conceptually accepted by 
many poultry nutritionists. Henceforth, there is a need to 
ensure the NE values are accurately measured and 
predicted so as to make the application of the NE system in 
poultry production realized in the near future. Herein, this 
presentation will discuss the approaches for the 
measurements or prediction of NE of diets and ingredients 
for poultry from a methodological point of view. The indirect 
calorimetric system, using both closed and opened circuit 
chambers, has been used to measure the heat production of 
animals. Then accurate NE values of diets can be achieved 
by simultaneously measuring the AME of the feed with a total 
excreta collection method. Potentially, the NE values of 
ingredients can also be measured, albeit caution must be 
made to avoid flawed design and calculations. The NE of 
ingredients and feed can be calculated with available 
prediction equations, such as those recently published, 
given the available key nutrient composition and AME 
values. Particular attention should be drawn to the accuracy 
of diet and ingredient AME values for such prediction, as 
AME accounts for a large proportion of the calculation for 
NE. The NE requirement levels for different poultry are 
another important aspect of implementing the NE in poultry 
in this presentation. In addition, the potential of using table 
values and near-infrared spectroscopy will also be 
discussed. Overall, NE has been considered an accurate 
energy system for feed formulation and practical approaches 
to estimate NE of ingredients and feed available for poultry. 

583S Practical impacts of formulating in NE in 
broilers. Pairat Srichana*1; 1Charoen Pokphand Foods 
Public Company Limited, Feed Technology Office, Bangkok, 
Thailand. 

Net energy (NE) in poultry is regarded as a more precise 
energy system compared to conventional apparent 
metabolizable energy (AME) due to its ability to consider the 
energy lost as heat increment from nutrient metabolism, 
which averages 25% of AME and is variable with feed 
characteristics. However, unlike pigs, NE is not yet 
implemented in poultry nutrition. A study was conducted to 
measure the NE value of 23 diets that were highly variable 
in terms of chemical composition (% dry matter; 33.6 to 
55.3% for starch; 20.8 to 28.4% for crude protein (CP), 2.7 
to 10.6% for fat (EE) and 7.0 to 17.2% for NDF) to establish 
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NE prediction equations for broiler feeds. Diets were 
prepared with 13 major ingredients (wheat, corn, paddy rice, 
broken rice, cassava, full-fat soybean, soybean meal, canola 
meal, animal protein, rice bran, wheat bran, palm kernel 
meal, palm kernel oil) at various and independent inclusion 
levels to calculate robust prediction equations between NE 
content and analyte constituents of ingredients. All diets met 
the amino acid requirements of the birds. The diets were fed 
to male Ross 308 broilers kept in 12 open-circuit respiratory 
chambers from 17 to 22 days of age (4 birds per cage) after 
5 days of adaptation for measurement of growth 
performance, diet AME content and heat production and 
calculation of diet NE value. Performance of birds (89 g/d 
BW gain on average), diet AME (3644 kcal/kg dry matter on 
average; range: 3356 to 4003) and AME/GE (79.4% on 
average) were as expected. The NE/AME ratio averaged 
76.6% (range: 74.7 to 78.7%) and increased with EE and 
decreased with CP in the feed. Accordingly, diet NE value 
was positively related to AME and EE contents and 
negatively to CP level; NDF also had a significant negative 
contribution to NE content. Starch had no significant impact 
on NE prediction. The NE equations generated in the current 
study show good agreement with previous studies on poultry 
and pigs and were also able to predict the NE value of the 
ingredients in our trial. Validation of the NE equation proved 
that NE-based broiler diets reduced feed cost without 
negative impact on growth performance when compared to 
AME-based diets. A series of subsequent trials are 
scheduled to achieve the optimum NE level and respective 
inclusion of lysine, other essential amino acids, as well as 
crude protein. As NE system favors formulating low CP diets 
with supplementation of synthetic amino acids, it is also 
planned to check meat yield and carcass quality during the 
trials. Finally, NE based feed formulation is expected to 
provide a more precise platform for broiler nutrition by 
lowering feed cost and nutrient excretion without undesirable 
effects on growth performance or carcass quality. 

584S Industry perspective of utilizing Net Energy in 
feeding programs. Phillip A. Smith*1; 1Tyson Foods, 
Fayetteville, Arkansas, United States. 

As changes in the broiler’s management, genetics, and 
nutrient requirements have shifted to optimize live 
performance, carcass yield, and profitability, diets are 
formulated with lower energy specifications and higher 
digestible amino acid specifications. Nutritionists in the 
United States primarily utilize corn and dehulled, solvent-
extracted soybean meal, along with animal or vegetable fat 
as the major ingredients in their formulation to meet specific 
nutrient requirements at all stages of life. Because feed cost 
is approximately 65% of the total cost of producing a broiler 
chicken, knowing the relative nutrient content of feed 
ingredients (energy/ calories), digestible amino acids, and 
mineral content) is essential. Having this comparative 
information helps ensure consistent live performance, at the 
best cost of live weight gain. Furthermore, since formulating 
to meet the bird’s energy requirement is the largest expense 
in any formula, determining the correct caloric value of feed 
ingredients is extremely important when setting up 
ingredient specifications. While using Net Energy (NE) 
would help us meet this goal because it is a better 
measurement of energy that the bird can utilize for 
maintenance and/or production (weight gain in the case of 
the broiler), NE is difficult to measure. Based on the 

importance of having an accurate energy system, it’s 
understandable why changing from an ME system that we 
are familiar with to an NE system is not something that most 
nutritionists are keen to do. The purpose of my talk is to 
share thoughts on 1. why NE, which is a more precise 
energy system, has not been utilized more in practical 
poultry feed formulation and then 2. discuss steps that are 
possibly needed for the industry to comfortably adopt NE. 

585S Developing the NE benefits in poultry 
performance sustainability through the swine 
experience. Jaap van Milgen*1; 1INRAE, Institut Agro, 
Saint-Gilles, France. 

Energy is not a nutrient, but a property of nutrients to 
“perform work”. Not all nutrients in the diet are used by the 
animal for this purpose (and eventually lost as heat), as 
nutrients will be retained by the animal and in animal-derived 
products, and lost in the excreta. Energy systems, which 
assign a value to a feed that can be compared with the 
requirement of the animal, are a compromise between 
properties of the diet and the animal. Some energy systems 
have properties that are closer to the diet (DE) whereas 
others are closer to animal (NE), which leaves us with the 
question of what the most appropriate compromise is. 
The NE system has been widely used by pig nutritionists. 
The system was developed more than 100 years ago, but 
research carried out between the 1970s and 1990s made 
practical implication in pig nutrition possible. Different 
reasons contributed to the adoption of the NE system, 
especially in Europe. First, a wide range of feed ingredients 
with different nutritional characteristics is used in Europe and 
an energy system should be able to account for this diversity. 
Second, the impact of animal production on the environment 
has led to legislation and opportunities to reduce the protein 
content of the diet, and it became important to assess the 
energy value of carbohydrates and free amino acids relative 
to that of (excess) protein. Also, the NE intake appeared to 
be a better “predictor” of performance than the ME or DE 
intake. The AMEn system is widely used by poultry 
nutritionists. Because it “corrects” the AME value for zero 
nitrogen retention, it assigns a reduced energy value to 
protein. Animals retain nitrogen in the body or in animal-
derived products and correcting the AME for zero nitrogen 
retention has little to do with biological reality. Dietary protein 
also has a lower energy value in a NE system, but for very 
different and more appropriate reasons. First, there is an 
energy cost (as ATP) to synthesize proteins from absorbed 
amino acids, but also to synthesize urea or uric acid from the 
breakdown of absorbed amino acids that are in excess of the 
animal’s immediate needs. It thus costs energy to retain 
protein, but it also costs energy to excrete nitrogen from 
excess protein. Although the AMEn may provide similar 
(numerical) values as NE, it does so for the wrong reasons. 
Energy systems are not static and remain a compromise, 
and specific aspects may need to be considered related to 
the diet (e.g., the energy value of an enzyme), the animal 
(e.g., its digestive capacity), or the environment (e.g., the 
effect of heat stress). A solid and biological basis of a system 
is necessary to properly account for these aspects. 

586S Enhancing sustainability through reduced dietary 
protein via net energy. Michael T. Kidd*1, Matheus F. 
Costa2; 1University of Arkansas, Fayetteville, Arkansas, 
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United States; 2University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States. 

As more feed grade amino acids become available for 
formulation in broiler diets, the key challenge of meeting live 
performance and carcass traits as diet protein supply is 
lowered mimics the fundamental challenge of the past. 
Hence, the addition of each limiting feed grade amino acid 
in broiler diet formulation minimizes nitrogen excesses by 
closer meeting the most limiting amino acids in the nutrient 
matrix, but introduces concerns in terms of amino acid 
absorption, limitations of the less limiting essential or non-
essential amino acids, or an imbalance of overall dietary 
protein and calories. Regarding the latter, as feed grade 
amino acids enter the ingredient matrix, soybean meal is 
reduced and birds consuming diets reduced in CP almost 
always exhibit an increase in peritoneal cavity fat. Is the 
associated increase in carcass adipose tissue a reflection of 
feed grade amino acid increased absorption resulting in bird 
imbalances, a reflection of more dietary grains (e.g., starch) 
resulting in an energy imbalance, a reflection of not adjusting 

dietary energy needs as protein supply is lowered, or a 
combination of the former? The understanding of dietary 
energy is compounded by the fact that commercial broilers 
are selected for leanness resulting in heightened 
responsiveness to amino acids as compared to that of 
energy. Recent research has focused on dietary variations 
of CP and net energy (NE). Ross 708 broilers were fed either 
20.2 or 22.5% CP diets balanced with ME or NE from 7 to 
32 d of age. Live performance and processing differences 
were minimal, but a CP x energy interaction occurred 
indicating that the increase in carcass fat caused by feeding 
reduced CP could be reversed with NE balance vs ME. 
Additional work demonstrated that Cobb broilers fed varying 
CP and NE from 31 to 41 d of age resulted in minimal 
interactions, but increasing NE decreased feed intake and 
feed conversion. Thus, increased carcass fat caused by 
decreased CP in Cobb birds was not corrected with NE. 
Future work is needed to better understand NE levels for 
commercial broilers and subsequent interactive effects in 
low CP diets.  
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Symposium: Multi-disciplinary approaches for promoting broiler health, 
performance, welfare and the environment

587S Antibiotic alternatives for coccidiosis and 
necrotic enteritis control: New generation vaccines and 
phytochemicals. Hyun Lillehoj*1, Youngsub Lee1; 1USDA-
ARS, Beltsville, Maryland, United States. 

Development of novel antibiotic-alternative strategies to 
mitigate coccidiosis and necrotic enteritis (NE) will have a 
significant impact on poultry industry since the use of 
antibiotics in animal disease control has been banned since 
2014. The main goal of this project was to develop antibiotic-
independent strategies to prevent coccidiosis and NE. Three 
main accomplishments were: 1). Development of effective 
recombinant vaccination strategy against coccidiosis using 
recombinant Eimeria tenella elongation factor-1α (EF-1α): 
Commercial broiler chickens which were immunized with 
EF-1α protein mixed with chicken IL-7 (chIL-7) or chicken 
NK-lysin peptide 2 (cNK-2) developed serum antibody levels 
to EF-1α, and co-administration of recombinant chIL-7 
enhanced host protective immune response against 
coccidiosis. 2). Successful delivery of a stable 
transgenic Bacillus subtilis carrying a chicken anti-microbial 
peptide, NK lysin peptide (B. subtilis-cNK2) as an effective 
oral therapeutic antibiotic alternative strategy to control 
coccidiosis: In chickens orally treated with B. subtilis-cNK2, 
changes in serum antibodies, protective host immune 
responses and gut microbiota populations all indicated that 
many beneficial changes associated with B. subtilis-cNK2 
delivery system mitigated the negative effects of coccidiosis, 
and 3). Effective mitigation of coccidiosis and NE using 
various phytochemicals: Green tea was effectively used to 
reduce the level of expression of toxin-encoding genes 
associated with NE in broiler chicken. 

588S Improving broiler production efficiency using 
alternate ingredients: Probiotics and insects. Komala 
Arsi*1, Mary Anne Amalaradjou2, Mairui Gao3, Yuying Ren4, 
Ragini Reddyvari5, Si Lu2, John W. Boney6, Juan Morales 
Ramos7, Maria G. Rojas7, Casey M. Owens8, Palmy R. 
Jesudhasan1, Annie M. Donoghue1; 1USDA-ARS, Poultry 
Production and Product Safety Research, Fayetteville, 
Arkansas, United States; 2University of Connecticut, Dept. of 
Animal Science, Storrs, Connecticut, United States; 
3University of Connecticut, Mansfield, Connecticut, United 
States; 4University of Connecticut, Animal Science, Storrs, 
Connecticut, United States; 5University of Connecticut, 
Department of Animal Sciences, Willimantic, Connecticut, 
United States; 6Penn State University, Animal Science, 
University Park, Pennsylvania, United States; 7USDA-ARS, 
Biological Control of Pests Research, Stoneville, Mississippi, 
United States; 8University of Arkansas, Poultry Science, 
Fayetteville, Arkansas, United States. 

A broiler’s life includes pre-hatch incubation and post-hatch 
grow out. In fact, the pre-hatch period (~3 weeks) takes up 
one-third of a broiler’s whole life. Specifically, optimum 
embryonic development can exert significant influence on 
chick hatchability and subsequent post-hatch performance. 
Therefore, we evaluated the effect of in ovo probiotic 
(Lactobacillus paracasei) application on broiler embryo 
growth, hatchability and microbiome acquisition. Further, 
during the grow-out period, feed costs are a major 

constituent of total production costs. Hence, we also 
evaluated the potential for use of insect meals as a 
sustainable, cost-effective feed alternate in grow-out birds. 
Overall, in ovo probiotic application significantly (p<0.05) 
improved embryonic development and growth. Specifically, 
yolk-free body mass and breast weight were consistently 
heavier in the probiotic group compared to the control. In 
addition, as hypothesized, probiotic application significantly 
modulated microbiome acquisition in the growing embryo 
and hatchling. With the feeding trial, diets containing adult 
cricket meal or meal worm larvae meal were compared 
against a conventional corn/soybean diet. We observed that 
body weight gains, feed intake, and FCR did not differ 
between treatments (P > 0.05) for the overall period (0–35 
d). Feeding broilers with adult cricket meal resulted in similar 
quality (and weight) than feeding broilers a conventional diet. 
However, feeding broilers with mealworm meal resulted in 
more quality differences compared to broilers fed a 
conventional diet. In conclusion, in ovo probiotic application 
can be used to promote embryonic growth while supporting 
microbiome acquisition in the hatchling. Further, in the grow-
out phase insect meal can serve as alternative protein 
source in broiler diets without negative impact on broiler 
production performance and meat quality characteristics, 
thereby improving the overall sustainability of the broiler 
enterprise. 

589S Using increased air movement to provide birds 
better environmental conditions.  Brian Fairchild*1, 
1University of Georgia, Athens, Georgia, United States. 

Litter management is an important part of poultry house 
environmental control. Litter conditions can influence air 
quality, floor microbiome, length of litter treatment life, bird 
health and welfare. Moisture is the source of many of the 
issues affecting environmental conditions and challenges in 
poultry houses. The objective is to remove the moisture the 
birds add to the house each day. There are a number of 
management steps needed to get optimal poultry house 
moisture conditions. The first involves using the heat 
effectively to maintain relative humidity (RH) between 40-
60% through proper ventilation. Another is making sure the 
birds are evenly distributed throughout the house. Moisture 
control also requires air movement. Using high volume 
circulation fan systems capable of creating air movement at 
floor level up to 150 ft/min has been shown to provide more 
uniform litter moisture levels in the house, reduced litter 
moisture 20-30% and reduced fuel usage by at least 10% 
compared to the control houses with low volume circulation 
fans. In these studies, the frequency of severe footpad 
lesions was reduced by 50% compared to the control 
houses. Producers may be concerned that air movement of 
that velocity might create a draft on younger birds, but recent 
work has demonstrated that birds actually distribute more 
evenly in these houses compared to those without 
circulation fans or with low volume circulation fans. High 
volume circulation fans reduced floor temperature and 
moisture variation providing more comfortable environments 
for the birds as indicated by more uniform bird distribution 
from wall to wall. Improved poultry litter conditions can be 
achieved through a combination of poultry house 
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management practices by controlling RH, bird density 
distribution, proper ventilation and providing air movement 
up to 150 ft/min at floor level to provide and optimal 
environment for the birds. 

590S Adaptogen ameliorates heat stress productivity 
loss in broilers: Mode of action? Garrett Mullenix*1, Sami 
Dridi2; 1University of Arkansas, Poultry Science, Fayetteville, 
Arkansas, United States; 2University of Arkansas, Poultry 
Science, Fayetteville, Arkansas, United States. 

Heat stress has devastating effects on poultry production 
and constitutes a socio-economic burden to the industry, 
which imposes a critical need for innovative and effective 
solutions to ameliorate heat stress productivity losses. 
Powered by consumer preferences for natural products, 
plant-derived substances become favorable and promising 
alternatives. Here, we will present some data related to the 
beneficial effects of adaptogen and their potential mode of 
action. 

591S Characterization of microbiome profiles and 
prevalence of antimicrobial resistant pathogens in 
commercial and backyard broiler production 
systems. Muhammed S. Muyyarikkandy*1, Jessica 
Parzygnat1, Siddhartha Thakur1; 1North Carolina State 
University, Raleigh, North Carolina, United States. 

The popularity of backyard poultry production in the U.S. has 
surged; however, concerns persist over the high prevalence 
of pathogens such as Campylobacter, Salmonella, and E. 
coli, especially given their antibiotic resistance. In this study, 
antibiotic resistance patterns of these pathogens have been 
studied in commercial and backyard broiler farms in the 
Southeastern U.S., revealing high resistance levels, even in 
environments with restricted antibiotic usage. Concurrently, 
the impacts of environmental health and microbiome are 
investigated by comparing microbiome profiles of 
commercial and backyard broiler farms. This study reveals 
distinct differences in microbiome profiles between backyard 
and commercial poultry farms, with backyard farms 
displaying higher bacterial diversity and an increased 
abundance of taxa such as Firmicutes and Bacteriodota. In 
backyard farms, 18.72%, 13.94%, and 22.69% of samples 
tested positive for Salmonella, ESBL E. coli, 
and Campylobacter, respectively. Furthermore, over half of 
these Salmonella isolates displayed resistance to 
streptomycin and tetracycline, while the majority of ESBL E. 
coli exhibited resistance to first, second, and third 
generations cephalosporins. These findings highlight a 
pressing need for enhanced research, education, and safety 
measures in poultry production. 

592S Innovative strategies for recycling poultry 
litter. Nur-Al-Sarah Rafsan1, Praveen Kolar*1; 1North 

Carolina State University, Dept. of Biological and Agricultural 
Engineering, Raleigh, North Carolina, United States. 

There is a significant interest in valorizing poultry litter. 
Therefore, the goal of this project is to convert poultry litter 
into supercapacitor electrodes capable of energy storage. 
Litter samples collected from a commercial poultry farm in 
eastern North Carolina were carbonized (400-600 C) and 
activated (400-600 C) using methanesulfonic acid (MSA) 
and potassium hydroxide (KOH) to obtain activated 
biochars. Subsequent testing of activated biochars as 
electrodes indicated that the typical specific capacitance of 
the MSA-activated biochar was 37.6 F/g while KOH-
activated biochar exhibited a capacitance of 76 F/g. These 
results suggested that poultry litter has the potential to serve 
as a precursor for synthesizing materials capable of energy 
storage. 

593S Inhibiting bacterial horizontal transfer of 
antibiotic resistance gene in the poultry production 
continuum by phytochemicals. Kumar 
Venkitanarayanan*1, Poonam Vinayamohan1, A; braham J. 
Pellissery2, Annie M. Donoghue3; 1University of Connecticut, 
Animal Science, Storrs, Connecticut, United States; 
2University of Florida - College of Veterinary Medicine, 
Department of Comparative, Diagnostic and Population 
Medicine, Gainesville, Florida, United States; 3USDA-ARS, 
Poultry Production and Product Safety Research, 
Fayetteville, Arkansas, United States. 

Horizontal gene transfer (HGT) plays a major role in the 
dissemination of antibiotic resistant (AR) bacteria in the 
environment, including manure and water. Application of 
animal manure containing AR bacteria as a soil supplement 
could lead to contamination of the food supply. This 
presentation summarizes a study that investigated the 
effectiveness of phytochemicals, trans-cinnamaldehyde 
(TC), carvacrol (CR), beta-resorcylic acid (BR), and caprylic 
acid (CA) in reducing HGT of blaTEM (plasmid that confers 
resistance to β-lactam antibiotics) between multidrug 
resistant Salmonella Heidelberg and E. coli in a 
bacteriological broth, water, poultry manure and chicken 
caecum ex vivo. The results revealed that all four 
phytochemicals significantly reduced the transfer frequency 
of blaTEM in broth, manure, water and cecum without 
significantly affecting the donor and the recipient bacterial 
populations. Quantitative RT-qPCR results revealed that the 
phytochemicals decreased the transcription of genes 
responsible for pilus biogenesis and bacterial conjugation 
(p<0.05). Further, electron microscopy revealed a 
phenotypic reduction in pilus formation on phytochemical-
treated Salmonella. Together, these findings indicate that 
the aforementioned phytochemicals could possibly be used 
to control AR dissemination in the poultry environment but 
follow up investigations are necessary.  
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Student Workshop: Strategies for transitioning from student to a 
successful career professional in the poultry industry/academia

594S Bridging the gap between PhD and Assistant 
Professor. Dianna Bourassa*1; 1Auburn University, 
Poultry Science, Auburn, Alabama, United States. 

No Abstract 

595S Keys to starting a successful industry career as 
a poultry professional. Randolph D. Mitchell*1; 1Perdue 
Farms Inc., Salisbury, Maryland, United States. 

No Abstract

 

 


