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Student Competition: Metabolism and Nutrition, Feed Additives |

1 Early probiotic application improves hatchability
and hatchling quality of broiler chicks. Mairui Gao'*,
Yuying Ren!, Ragini Reddyvari', Si Lu!, Mary Anne
Amalaradjou!, ‘University of Connecticut,  Storrs,
Connecticut, United States.

A broiler’s life includes pre-hatch incubation and post-hatch
grow out. Post-hatch performance is directly associated
with the yield of carcass, thus attracting significant research
interests. However, 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 hatchling quality which in turn can
affect subsequent broiler growth and performance. As with
a higher hatchability, healthy and active hatchlings are also
correlated with improved post-hatch performance.
Therefore, we evaluated the effect of in-ovo probiotic spray
application on broiler hatchability and hatchling quality.
Supplementation of probiotics to the growing embryo
improves hatchability and hatchling quality of broiler
chicks. A total of 1080 Ross 308 eggs were obtained from
Aviagen for the study. The experiment was set out as a
completely randomized study with two independent trials.
In each trial, eggs were sprayed with 200 pl of phosphate
buffered saline (PBS; control) or probiotics [~8 log
CFU/egg of Lactobacillus rhamnosus NRRL B-442(LR)
or Lactobacillus paracasei DUP 13076 (LP)] on DO, D3,
D7, D10, D14 and D18 of incubation. Hatchability was
calculated at D21.5. Hatched chicks were scored for their
quality using the Tona and Pasgar score. Additionally,
morphometric measurements including hatchling weight
and length were recorded at necropsy. Data were analyzed
using GraphPad Prism 9.3.0, and p<0.05 was considered as
significant. Overall, in-ovo probiotic supplementation
improved hatchability and hatchling quality. Specifically,
the application of LP improved hatchability by ~5% when
compared to the control. Further, both LR and LP
significantly (»p<0.05) improved hatchling quality.
Particularly, hatchlings in the probiotic treated groups were
found to have better reflex activity, and appearance,
indicating an improved hatchling quality. Moreover,
probiotic treated groups tended to have a significantly
higher body weight at hatch when compared to the control
group (p<0.05). This is significant since chick weight at
hatch is considered to be an indicator of post-hatch
performance. Hence, the above-mentioned probiotics could
be employed to promote hatchability and hatchling quality.
Early supplementation of probiotics to growing embryos
potentially can be employed to promote hatchability and
hatchling quality. Further, it could be used in conjunction
with current post-hatch approaches to improve overall
growth and performance of broiler chickens.

*  Presenter
cs Graduate Student Presenter

ve Undergraduate Student Presenter

Poult. Sci. 102 (E-Suppl 1)

Key Words: broiler; hatchability; hatchling quality; early
probiotic supplementation

2 Growth performance and organ weights of
broilers given an Eimeria challenge with or without a
novel Bacillus  subtilis probiotic treatment. Alison
Gelinas'*, Sudhanshu Sudan', Julang Li', David Huyben',
Elijah Kiarie', 'University of Guelph, Guelph, Ontario,
Canada.

Bacillus  subtilis-based  probiotics are recognized
alternatives to antibiotic growth promoters in poultry
production. We examined the efficacy of a novel B.
subtilis (BS-9) (PRO) isolated from camel dung to evaluate
growth performance and organ weights in broiler chickens
challenged with Eimeria. Ross 708 d-old male broiler
chicks were placed in 28-floor pens (25 birds/pen) and
allocated to two water treatments (trt), control or PRO
(10% CFU/mL of water) (n=14). Water was provided in bell
drinkers and treated daily with a fresh culture until d 13 of
life. Birds had ad libitum access to a balanced corn/ soybean
meal-based diet. On d 9, all birds in half replicate pens (n=7)
received 1 mL E. maxima and E. acervulina mixture via
oral gavage, and birds in the other half of replicate pens
(n=7) received a sham. Bodyweight (BW), feed intake (FI),
and mortality were recorded on d 0, 9, 14, 19, 28, and 35 for
assessing pre- and post-challenge growth performance. A
total of 4 birds/ pen and 2 birds/pen were necropsied for
organs weight on d14 and 35, respectively. The data was
subjected to GLMM procedures of SAS with trt as a fixed
factor for the pre-challenge (d 0-9) and trt, challenge, and
associated interactions as fixed factors for the post-
challenge period (d 10-35). There was no trt effect on pre-
challenge growth performance. In the post-challenged
period, there was no interaction (P<0.05) between trt and
challenge on d 35 BW and BW gain (BWG). The main
effects were such that Eimeria reduced (P<0.01) (1,774 vs.
1,911 g/bird) whereas PRO increased (1,875 vs. 1,811
g/bird) d 35 BW. There was an interaction between trt and
challenge on FI (P=0.021) and mortality corrected feed
conversion ratio (FCR) (P=0.022). PRO birds had a higher
FI than challenged PRO birds and all control
birds. Eimeria challenged control birds had poorer FCR
than unchallenged control birds and PRO birds, however,
the FCR of PRO birds with and without challenge was
similar. Eimeria-challenged birds had heavier d 14 liver
(P<0.01) and d 35 spleen (P=0.01). An interaction (P=0.04)
between trt and challenge on d 14 bursa weight was such
that among the PRO birds, the bursa of Eimeria challenged
birds were heavier than non-challenged birds. Results
indicated that Bacillus subtilis (BS-9) supplementation
improved  broiler = growth  performance  during
an Eimeria challenge, possibly through immunological
modulation as reflected by the bursa weight.



Key Words: broilers; Bacillus subtilis; coccidiosis; growth
performance; probiotic

3 Evaluation of propolis as feed supplement
against Salmonella infection in broiler. Hanseo Ko'*,
Janghan Choi', Doyun Goo!, Milan Sharma!, Dima White',
Woo Kim!, 'University of Georgia, Athens, Georgia, United
States.

The objective of this study was to evaluate the effect of
dietary propolis supplementation on growth performance
and Salmonella colonization in  broilers challenged
with Salmonella Typhimurium (ST). A total of 637 one-
day-old male Cobb 500 broilers were randomly allocated
into 7 treatments with 7 replicates and 13 birds per cage for
21 d. The treatments included non-challenge control (NC)
and ST challenge groups with different dietary propolis
supplementations levels (0, 50, 100, 150, 200, and 250
mg/kg diet). On d 0, all birds in ST challenge groups and
NC group were orally challenged with ST (0.5 ml of 1.3 x
103 CFU/ml per bird) and PBS (0.5 ml per bird),
respectively. Body weight (BW), BW gain (BWG), feed
intake (FI), and feed conversion ratio (FCR) were measured
weekly. For calculating mortality, the number of dead birds
was counted daily. ST loads in ceca and incidences of ST
positive samples (liver and spleen) were tested at 4, 7, 14,
and 21 d. One-way ANOVA with Tukey’s post-hoc test was
used for all data analyses except for incidences of ST
positive samples, and the polynomial contrast was used in
ST challenge groups for evaluating the propolis dose effect.
A chi-squared test was used for incidences of ST positive
samples. Quadratic effects were observed in BWG (P =
0.002) and FI (P = 0.001) during 0 - 7 d, and the BWG of
the 100 mg/kg propolis treatment was greater (P < 0.001)
than that of the ST challenge control (0 mg/kg propolis). An
increase in dietary propolis showed improvements in BWG
and FCR during 7 — 21 d (linear, P < 0.001). The overall
mortality was quadratically influenced (P = 0.023) by
dietary propolis and lower (P > 0.05) in the 100 and 150
mg/kg propolis groups by 9.89% as compared to the ST
challenge control. An increase in dietary propolis linearly
reduced ST loads in the ceca at 4 and 14 d (P = 0.004 and P
=0.001, respectively). ST positive spleen samples were not
observed (P = 0.049) in the 150, 200, and 250 mg/kg
propolis treatments at d 14. In addition, ST-positive spleen
samples were not observed (P =0.033) in the 100, 150, 200,
and 250 mg/kg propolis treatments at d 21. In conclusion,
dietary propolis had dose-dependent effects on growth
performance and Salmonella infection. However, over 150
mg/kg diet of dietary propolis suppressed the BWG and FI.
Therefore, it is recommended that a lower level of dietary
propolis is appropriate for broilers.

Key Words: Salmonella; Broiler; Antibiotic alternative;
Feed supplement; Propolis
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4 Dietary herbaceous mixture improves intestinal
health in post-peak laying hens through enhancing
intestinal barrier function and modifying gut microbiota
composition. Yilu Wang'*, Yao Zhu!, Bin Wei!, H.Y Zhang!,
Y.Q. Huang!, W Chen!, ‘Institute of Animal Science and
Technology, Henan Agricultural University, Zhengzhou,
China.

The intestine of Laying hens is susceptible to various
adverse factors resulting in diarrhea and intestinal diseases.
Some compounds in herbaceous plants have been reported
to produce a positive impact on intestine health. Therefore,
the current study was conducted to investigate the effect of
the  herbaceous  mixture (HM), which  consists
of Andrographis  paniculate,  Silybum  marianum,
Azadirachta Indica, and Ocimum basilicum (2:3.5:1:2), on
gut health in post-peak laying hens. A total of 240 Hy-line
Brown hens (389-d-old) were randomly fed the basal diet
with 0 mg/kg choline chloride (negative control, NC), 1,000
mg/kg choline chloride (control, Ctrl), or 300 mg/kg HM.
On d 28, 8 birds (1 chicken per replication) were randomly
selected, and blood was collected for lipopolysaccharide
(LPS), diamine oxidase (DAQO) and D-lactic acid (D-LA)
determination, then these birds were slaughtered, intestinal
length, weight, as well as the pH of chyme was measured
immediately. The ileal tissue was collected for the analysis
of LPS, secretory immunoglobulin A (sIgA) content, and
expression of intestinal barrier-related protein genes.
Cecum contents were gain for microbiota analysis. Data
were analyzed by one-way analysis of variance (ANOVA)
and Tukey multiple comparisons. The results showed that
the addition of HM to the diet had no significant effect on
the weight, length and pH of the duodenum, jejunum, ileum
and cecum of layer hens (P > 0.05). The level of LPS in HM
and Ctrl groups was higher than that in NC group (P <
0.001). The serum content of LPS, DAO and D-LA were
significantly decreased by the HM supplementation as
compared to NC group, and the addition of HM
significantly upregulated the expression of Mucin-
2, Occludin and Claudin-1 when compared with the Ctrl
and NC groups (P < 0.05). The outcomes of /6S rRNA
sequencing showed that the addition of HM significantly
improved the alpha diversity, evidenced by higher Sob, Ace
index, and Chao index (P < 0.05) in HM birds compared
with those fed the Ctrl and NC diets. Compared to NC
group, dietary HM significantly reduces the relative
abundance of Actinobacteria in the phylum level (P =
0.0498), and notably significantly increased Clostridia in
the class level (P = 0.044). Collectively, the above results
suggested that the supplementation of HM improves
intestinal health through enhancing intestinal barrier
function and modifying gut microbiota composition in post-
peak laying hens.

Key Words: laying hens; intestinal health; herbaceous
mixture



Student Competition: Inmunology, Health and Disease |

5 Impact of live coccidiosis vaccination on ileum
and cecal microbial diversity in turkeys. Maria Trujillo
Peraltal*, Danielle Graham!, Jianmin Chai?, Jiangchao
Zhao', Roberto Cuesta', Aaron Forga', Makenly Coles', Juan
Latorre Cardenas', Guillermo Tellez-Isaias!, Billy Hargis',
!University of Arkansas, Fayetteville, Arkansas, United
States, *Foshan University, Foshan, China.

Although live coccidiosis vaccines have been shown to
prevent coccidiosis in commercial turkeys, the effect of
vaccination, with and without a bioshuttle program, on the
gut microbiome has been largely understudied. The purpose
of the present study was to assess the effect live coccidiosis
vaccination, with and without amprolium intervention, on
the ileal and cecal microbiome 6 days post-challenge.
Treatment groups included the following: 1) non-
challenged, non-vaccinated control (NC); 2) challenged,
non-vaccinated control (PC); 3) E. meleagrimitis vaccine
candidate isolated from wild turkey feces (VX) +
amprolium contacts; 4) VX + amprolium directs; 5) VX
contacts; 6) VX directs; 7) Commercial VX containing F.
meleagrimitis and E. adenoides contacts; and 8)
Commercial VX directs. For the vaccinated groups, 50% of
the poults (directs) were orally vaccinated at DOH with
either 50 sporulated E. meleagrimitis oocysts obtained from
wild turkey feces (groups 4 and 6) or a commercially
available vaccine containing E. meleagrimitis and E.
adenoides that ~was  administered based off of
manufacturer’s recommendation (group 8). Directs were
comingled with non-vaccinated (contact) poults for the
duration of the study. Group 3 and 4 were treated with
amprolium (0.024%) in the drinking water from d10-14. At
d23, all groups (except NC) were orally challenged with
95K E. meleagrimitis oocysts/mL/poult. At d29, or 6 days
post-challenge, ileal and cecal contents were collected for
16S rRNA gene-based microbiome analysis. Our results
showed that ileal and cecal content in PC group had
different bacterial diversity and structure including alpha
and beta diversity when compared to NC. Linear
discriminant analysis Effect Size (LEfSe) was employed to
identify bacterial biomarkers for each group, and we found
that Lactobacillus salivarius (ASV2) was enriched in ileal
and cecal content of PC. Compared to controls (NC and PC),
the treatment groups (groups 3-8) showed distinct clusters
in ileal and cecal community based on Bray-Curtis and
Jaccard distances. LEfSe identified Faecalibacterium
prausnitzii (ASV7 and ASV15) as a bacterial signature for
ileal and cecal community in  group 3,
while Turicibacter (ASV4) was over represented in group
4. Moreover, Streptococcus  alactolyticus (ASV6) was
greater in group 7. In conclusion, live coccidiosis
vaccination, amprolium intervention from d10-14, and/or F.
meleagrimitis challenge markedly affect both ileal and cecal
microbiome.
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6 Mixed coccidia challenge impacted the expression
of inflammatory cytokines and tight junction proteins in
broiler chickens. Robert Hernandez'*, Kirk Klasing!,
Yanhong Liu!, ‘UC Davis, Woodland, California, United
States.

Coccidiosis is an economically significant disease in the
poultry industry that causes nutrient malabsorption,
depressed growth performance, and reduced feed
efficiency. This study aimed to determine the effects of
mixed coccidia challenges on the gene expression of
cytokines and tight junction proteins in broiler chickens.
One hundred and forty two-day-old Cobb 500 broiler
chickens (N = 7) were group-housed in battery brooders and
randomly assigned to one of four treatments: negative
control or a challenge with 15x, 20x, or 25x the
recommended coccidiosis vaccine dose. At 10 days of age,
chickens in the coccidia treatment groups were orally
inoculated with unattenuated E. acervulina, E. maxima,
and E. tenella (ADVENT®, Huvepharma Inc) in the feed.
Weight gain and feed conversion were recorded before
inoculation and at 5 and 10 days post inoculation (DPI). At
5 and 10 DPI, feces were collected for oocyst enumeration
and plasma samples were analyzed for -carotenoid
concentration. Liver and small intestine samples were also
collected for RT-qPCR analysis of cytokine and tight
junction protein gene expression. Data were analyzed by
ANOVA with a statistical model that included treatment,
sampling date, and their interaction as fixed effects and pen
as random effect. All coccidia challenges reduced weight
gain (P < 0.05) and feed conversion (P < 0.05) from 5 to 10
DPI. At 10 DPI, coccidia challenges decreased (P < 0.05)
plasma carotenoid levels and increased (P < 0.05) the
number of oocysts per gram of feces. Coccidia challenges
increased (P < 0.05) interferon-gamma expression in the
jejunum and ileum at 5 DPI and in the duodenum, jejunum,
and liver at 10 DPI. The expression of interleukin (IL)-6 at
5 DPI and IL-1p at 10 DPI also increased (P < 0.05) in the
duodenum of coccidia challenged chickens. A significant
interaction of treatment and sampling date was observed
(P <0.001) for claudin-1 in the duodenum and jejunum, as
coccidia challenges upregulated (P < 0.01) claudin-1
expression at 5 DPI. Coccidia challenges tended to decrease
(P <0.055) zonula occludens-1 expression in the jejunum at
10 DPI but did not affect occludin expression. These results
indicate that inflammation may be differentially expressed
along the small intestine or systemically and tight junction
protein expression may become dysregulated in chickens
challenged with mixed coccidia species.

Key Words: broiler; cytokine; Coccidiosis; tight junction;
challenge



7 Dietary peptide specific antibodies to varying
regions of IL-4 contribute to differential immune cell
responses and performance outcomes during coccidiosis
challenge in broilers. Krysten Fries-Craft'*, Elizabeth
Bobeck!, Towa State University, Ames, Iowa, United States.

Interleukin ~ (IL)-4 may  contribute  to Eimeria
spp. establishment in the host during coccidiosis. Dietary
egg yolk antibodies against targets like IL-4 in poultry may
mitigate costly performance losses during coccidiosis. The
study objective was to evaluate peptide-specific IL-4
antibodies and the effects on broiler performance and
immunity during coccidiosis challenge. Four candidate
peptides (P1-4) were selected based on antigenicity and
location within the IL-4 molecule. Eggs were collected from
hens injected with conjugated peptide (3/peptide) and
separated yolks were pooled by peptide before freeze-
drying. Eggs from hens injected with carrier protein only
were used as a control. For 28d, 300 Ross 708 broilers were
housed in floor pens (10 birds/pen) and randomly assigned
to 5 diets with 14d starter and grower periods. Diets
consisted of a basal diet + 2% egg yolk powder containing
antibodies to 1 of 4 peptides or carrier-only control. On d14,
3 birds/diet were euthanized for blood sampling and half the
remainder were inoculated with 10X Coccivac®-B52
(Merck, Kenilworth, NJ) for 10 total treatment groups.
Body weight and FI were recorded weekly and blood
samples were collected on 3, 7, and 14d post-inoculation
(pi; 3 birds/group). Immune cell profiles in peripheral blood
mononuclear cells (PBMC) were assessed by multicolor
flow cytometry. Data were analyzed using the mixed
procedure (SAS 9.4) with diet, Eimeria, and
dietxFEimeria fixed effects (P<0.05). No performance
changes were observed prior to inoculation but all peptide
antibodies increased peripheral CD3"CD4" T helper cells
23.9-66.4% compared to control (P<0.0001). In the first
7dpi, the Eimeria main effect reduced FI and BWG by 16.1
and 30.3%, respectively, resulting in a 30-point less
efficient FCR (P£<0.0001). Only birds fed P4 antibody did
not show grower FCR recovery and remained 16 points less
efficient than their unchallenged counterparts (P=0.03). On
3dpi, only challenged birds fed P1 and P3 antibodies had
24.9-35.0% PBMC CD3" T cell reductions compared to
unchallenged counterparts that were not observed in
control-fed birds (P<0.0001). Similar reductions roughly
corresponding to T cell recruitment were not observed in
challenged birds fed P2 antibodies. In contrast, challenged
birds fed P4 antibodies showed a 41.3% CD3" T cell
reduction compared to unchallenged counterparts only on
14dpi when all other groups had similar T cell populations
between challenged and unchallenged birds. These results
suggest that dietary antibodies targeting different regions of
IL-4 contributed to varying T cell responses during
coccidiosis challenge, with delayed T cell recruitment in
birds fed P4 antibodies potentially affecting performance
recovery.
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8 Graded levels of Eimeria linearly reduced the
growth performance and delayed the egg production of
Hy-Line W-36 laying hens when infected at the pre-lay
stage of growth. Milan Sharma'*, Dima White!, Woo Kim',
'University of Georgia, Athens, Georgia, United States.

An experiment was conducted to investigate the effects of
graded Eimeria challenge  on  performance,  body
composition, intestinal health, and egg production of Hy-
Line W-36 pullets and laying hens. A total of 360,15-wk old
pullets were randomly allocated into five treatment groups
with six replicate cages, including a non-challenged control
group. A mixed Eimeria species solution containing
50,000 E. maxima, 50,000 E. tenella, and 250,000 E.
acervulina sporulated oocysts per mL was prepared and
inoculated to one group as a high-dose treatment at wk 15.
The 2-fold serial dilution was done to prepare the medium-
high (25,000 E. maxima; 25,000 E. tenella; and 125,000 E.
acervulina), the medium-low (12,500 E. maxima; 12,500 E.
tenella; and 62,500 E. acervulina), and the low (6,250 E.
maxima; 6,250 E. tenella; and 31,250 E. acervulina) dose
treatments and inoculated to three remaining groups,
respectively. The growth performance (GP) of pullets and
daily feed intake (ADFI) were measured from 0-14 days
post-infection (DPI), whereas body composition (BC) using
Dual Energy X-ray Densitometry was measured on 6 DPI.
Intestinal lesion scoring for E. acervulina, E. maxima,
and E. tenella was done on 6 DPI. Hen day egg production
(HDEP) was calculated from wk 19. Data for GP and BC
were analyzed using one-way ANOVA, whereas the
Kruskal-Wallis test was used for lesion score and split-plot
in time for ADFI and HDEP. A significant level was set
at P<0.05, and means were separated using Fisher's LSD. A
significant linear reduction in average body weight and gain
was observed with increased Eimeria challenge dosage on
both 6 and 14 DPI (P<0.0001, P-Lin<0.0001). The body
composition of the pullets (bone mineral content and tissue
weight) decreased linearly with an increase in inoculated
dosages (P<0.05). An interaction between
the Eimeria dosages and DPI was observed for ADFI. Feed
intake started to drop in challenged groups from 4 DPI and
did not recover until 14 DPI. The most significant drop in
feed intake was observed in 6 DPI in all the challenged
groups. The intestinal lesion score was higher in the
challenged groups than in control (P<0.05); however, no
significant differences were observed among the challenged
groups. An interaction between the Eimeria challenge
dosage and the age of the birds was observed for HDEP
(P=0.0427). Overall, the HDEP was lower in the challenged
groups compared to the control. Once the challenged birds
were recovered from coccidiosis, HDEP became similar to
control only at wk 22, 3 wks later after starting to lay eggs.
In conclusion, coccidiosis reduced the GP, altered the body
composition and intestinal health, and delayed the egg
production when infected at the pre-lay stage of pullets.
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9 Effect of bacterial lipopolysaccharides (LPS) and
mixed Eimeria co-infection on growth performance,
intestinal integrity, and bone formation in broilers.
Venkata Sesha Reddy Choppa'*, Guanchen Liu', Yuguo
Tompkins', Milan Sharma!, Woo Kim', University of
Georgia, Athens, Georgia, United States.

Eimeria infection adversely affects the growth and immune
system of the birds through the changes in digestive
physiology. Furthermore, Lipopolysaccharide (LPS) is a
potent pro-inflammatory factor that may aid in investigating
the influences of inflammation on bone formation and
growth performance in broilers. This study aimed at the
effect of LPS with concomitant inoculation of
mixed Eimeria spp. on broiler’s production parameters, gut
permeability, and bone growth. A total of 360, one-day-old
male Cobb 500 broiler birds were used. Uniformly weighed
birds were randomly allocated into 6 treatments (T1-T6)
with 5 replicated cages and 10 birds per cage. On day 14,
except for the control group (T1), all the birds were
inoculated  with Eimeria species (12,500 E.  maxima,
12,500 E.tenella; and 62,500 E. acervulina). LPS was
injected intraperitoneally to T3 and T4 at 1 and 2mg/kg,
respectively, on day 14. Additionally, TS and T6 were
injected with 1 and 2mg/kg doses at two-time points (day
14 and 18), respectively. Growth performance and daily
feed intake were calculated from 0 to 12 days post-
inoculation (DPI). Moreover, gut permeability (5 DPI),
body composition (6 and 12 DPI), and bone growth rate (4
& 8 DPI) were measured using fluorescein isothiocyanate
dextran, dual-energy X-ray absorptiometry (DEXA), and
calcein injection, respectively. Lesion scoring was
performed on 6 DPI. Statistical analyses (One-way
ANOVA, Kruskal Wallis test, Tukey HSD, and Dunnett's
method) were performed using SAS (version 9.4). Average
daily feed intake, feed conversion ratio, body weight gains,
and gut integrity were significantly decreased (P < 0.05) for
the challenge groups (T2-T6) compared to the non-
challenged control (T1). Moreover, there is a substantial
increase in muscle percentage and decrease in fat
percentage in challenged birds when compared with
challenged birds on DPI 6 (P< 0.05),
indicating Eimeria spp. and LPS have a profound impact on
fat formation than muscle growth. Surprisingly, calcein
measurements for T4, TS5, and T6 had shown a significant
reduction in bone growth when compared with the T1, T2,
and T3 groups (P < 0.05). Although BMD (Bone Mineral
Density), BMC (Bone Mineral Content), and muscle
percentage didn’t differ much during DPI 6, there is a
significant decrease in the challenged birds (P < 0.05)
compared with non-challenged birds on DPI 12, indicating
increased risk for lameness incidence. In conclusion, all the
challenge treatments had a significant decrease in several
parameters compared to non-challenged birds, indicating
worsening effects of coccidiosis and LPS on growth
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performance, bone growth, and intestinal integrity in
broilers.

Key Words: Eimeria; Gastrointestinal permeability;
Lipopolysaccharide (LPS); Calcein; Dual Energy X-ray
Absorptiometry

10  In vitro and in vivo evaluation of chlorhexidine
salts as potential alternatives to potassium dichromate
for Eimeria spp. oocyst preservation. Lauren Laverty'*,
Lesleigh Beer!, Marcela Cardona!, Maria Trujillo Peraltal,
Aaron Forga!, Makenly Coles!, Christine Vuong', Juan
Latorre Cardenas', John Barta?, Guillermo Tellez-Isaias’,
Danielle Graham!, Billy Hargis!, 'University of Arkansas,
Fayetteville, Arkansas, United States, *University of Guelph,
Guelph, Ontario, Canada.

Potassium dichromate (PDC) has been used for sporulation
and preservation of Eimeria spp. oocysts for decades, but
increasing safety and environmental concerns has led to
exploration of alternate media forin vitro storage.
Preliminary in vitro have proved the antimicrobial activity
of chlorhexidine (CHX) salts. The optimal inhibitory
concentration was determined to be 2.33mM CHX,
specifically for CHX gluconate/digluconate or diacetate
salts. Furtherin vitro testing indicated that CHX
gluconate/digluconate had no effect on sporulated E.
maxima (EMMS6) oocyst integrity. However, CHX diacetate
degraded EMM6 oocyst walls within 96h at 26°C. The
objectives of the present study were 1) to evaluate the effect
of CHX gluconate/digluconate as alternatives to PDC for in
vitro preservation of EMM6 oocysts and 2) to utilize
autofluorescence (AF%) as an indicator of EMMG6 oocyst
viability. For the assay, 0.20% (2.23mM) CHX gluconate
(Durvet/VETone) and 0.20% (2.23mM) CHX digluconate
(Sigma) were utilized for storage of sporulated EMM6
oocysts at 4°C for five months prior to an in vivo challenge
in broilers to test oocyst viability and infectivity. After 5
months of storage at 4°C, AF was less than 12% for all
challenge stocks prior to artificial aging. Additionally,
samples of EMMBG6 oocysts stored in 0.20% CHX gluconate
and 0.20% CHX digluconate were artificially aged (11 days
at 45°C), resulting in 100% AF oocysts. Experimental
groups (n=3 chickens/cage, n=3 cages/group) included: 1)
non-challenged control; 2) 2.5% PDC oocysts; 3) 0.9%
saline oocysts; 4) 0.20% CHX digluconate oocysts; 5)
0.20% CHX gluconate oocysts; 6) 100% AF 2.5% PDC
oocysts; 7) 100% AF 0.20% CHX digluconate oocysts; 8)
100% AF 0.20% CHX gluconate oocysts; 9) 100% AF 0.9%
saline stored oocysts. Chickens were orally challenged at
day 9 of age with 500 sporulated EMM6 oocysts/chicken.
Excreta was collected days 5-9 post-challenge to determine
total oocyst output. Oocyst storage media and AF% both
had a marked effect on total oocyst output at P<0.05. Output
from birds challenged with CHX gluconate stored oocysts
were statistically similar to the output of those challenged
with 2.5% PDC stored oocysts at 4.46 x 107 and 4.89 x
107 respectively. However, total oocyst output for the



oocysts stored in CHX digluconate was significantly
(P<0.05) lower than the oocysts stored in 2.5% PDC and
CHX gluconate at 2.95 x 107. Total oocyst output post-
challenge with 100% AF oocysts was 0 for all groups
excluding the 2.5% PDC (2.22 x 10%). These findings
suggest that CHX gluconate could be a potential alternative
to PDC for in vitro storage of Eimeria spp. oocysts and that
AF% can be used as a reliable tool to assess EMMG6 viability
after artificial aging.

Key Words: coccidiosis; Eimeria maxima; chlorhexidine;
autofluorescent; potassium dichromate

11 Characterizing the impact of Cochlosoma
anatis infection on gut health and performance in
turkeys. Justin Lowery'*, Catherine Fudge', Katherine
Cupo!, Christina Sigmon', Lin Walker!, Chongxiao Chen!,
INorth Carolina State University, Raleigh, North Carolina,
United States.

Cochlosoma anatis is a flagellated protozoan parasite
impacting the turkey industry. Infection with C. anatis is
associated with runting, diarrhea, and depression, with high
morbidity in infected flocks. While these symptoms do not
typically lead to bird death, farmers may experience high
monetary losses. This study was multi-faceted and focused
on the effects of C. anatis infection on growth performance,
intestinal permeability, and blood chemistry in turkeys.
One-day-old turkey poults were grown in 16 isolation cages
for 2 weeks. Then, the birds were redistributed into 16
isolation cages with 10 birds per cage to achieve a similar
total weight between cages. Eight cages were challenged
with ~ 5x10° C. anatis cells/bird (PC), while the remaining
cages were not infected (NC). Body weight (BW) and feed
intake (FI) were recorded at weeks 2 and 4. Feed conversion
ratio (FCR) was calculated from weeks 2 to 4. Individual
body weight was recorded at the end of the trial to assess
cage uniformity. At week 4, intestinal permeability was
tested using FITC-d orally administered and its blood
concentration was measured. Blood chemistry analysis was
also performed using an iStatl blood analyzer at week 4.
The data generated from these tests were analyzed using a
t-test in SAS 9.4. Significant difference was determined
when P<0.05. The poults used in this study exhibited all
symptoms associated with C. anatis infection. The results
showed that poults infected with C. anatis did not
experience significant changes in intestinal permeability
(P=0.21) or flock uniformity (P=0.13). However, FI
(P<0.01) and BWG (P<0.01) were both decreased
significantly in the PC group. Although not statistically
different, the FCR of the infected group trended lower than
the control (P=0.08). Moreover, infected poult blood
chemistry revealed significant increases in extracellular
fluid (P<0.01), bicarbonate (P<0.01) and carbon dioxide
levels (P<0.01) compared to the NC group. In conclusion,
these results indicate that C. anatis challenge decreases
BWG and FI of poults, reflecting historical observations,
but no changes were observed in uniformity and intestinal
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permeability. Evidence of elevated extracellular fluid and
bicarbonate in the blood indicate dehydration, likely due to
diarrhea causing the loss of acid and water from the body
and the need to regain homeostasis. Further research should
focus on the impact of C. anatis infection on nutrient
utilization and immune response. Choosing this objective
should contribute to understanding performance reduction
during C. anatis challenge and help to develop a strategy to
alleviate performance loss during production.

Key Words: Performance; Blood Chemistry; Permeability;
Cochlosoma anatis; Uniformity

12 A method to evaluate anticoccidial drug
resistance. Jonathan Pierron?*, Carl Julien!, 'CRSAD,
Deschambault, Quebec, Canada, *Université Laval, Québec,
Quebec, Canada.

The aim of this study was to develop a method to
evaluate Eimeria resistance  to  anticoccidials.  Six
anticoccidial drugs (amprolium, decoquinate, monensin,
nicarbazin, salinomycin, zoalene) were evaluated in
triplicate on the Eimeria pathogenic cycle by investigating
oocyst sporulation and sporozoite viability and host cell
invasion. Two 35-day floor pen trials with 9 replicates of 55
birds/pen were also conducted in broilers using the same
drugs. Non-infected (NI) and Eimeria-infected (EI) birds
were used in both trials. Eimeria infection was induced by
an oral administration at d14 of 200,000 sporulated oocysts
of a population of mixed Eimeria species harvested from
field isolates. Performance data and feces oocyst excretion
counts were analyzed by a mixed model including treatment
as fixed effect and barn section as random effect. Intestinal
lesion scores were analyzed by Kruskal-Wallis tests using
two birds per pen (n=18 per treatment). For in
vitro experiments, an Eimeria population from Coccivac®-
B52 (Merck Animal Health) was also used as a drug-
sensitive control. Using the field Eimeria population, in
vitro tests showed a dose-response effect of anticoccidials
(0.5, 12.5, 50 and 100 pg/mL) on decreasing sporozoite
viability, reaching —60% (P<0.0001), oocyst sporulation
(—80%, P<0.0001) and host cell invasion
(=90%, P<0.0001). However, on host cell invasion,
amprolium presented non-linear variations depending on
the exposure concentrations (from —37% to —92%) and
zoalene showed a trend to reduce efficiency with higher
concentrations (from —95% to —67%). In both broiler trials,
EI reduced body weight (BW) 6 days post-infection (6 dpi,
d20), worsened feed conversion ratio (FCR) during the
grower period (10-20d), Eimeria excretion at 6 dpi and 7
dpi intestinal E. tenella lesion score, compared to NI birds
(P<0.01). Decoquinate and monensin prevented
the Eimeria challenge-induced BW loss and FCR, OPG and
intestinal lesions increases. Whereas blocking OPG and
intestinal lesions increases, salinomycin and nicarbazin
showed adverse effects on BW with similar numbers at d20
(P>0.05) and with decreases at d34 (2.45-2.48 vs 2.61
kg, P=0.0009), compared to EI. Zoalene and amprolium



showed total OPG increases (8.7 and 7.5vs 1.6
105 OPG, P<0.003), compared to NI, and did not prevent
intestinal E. acervulina lesions (1.7 and 1.2 vs 1.3, P>0.05),
compared to EI. qPCR analyses also confirmed that zoalene
and amprolium did not reduce  excreted E.
acervulina (P>0.05), compared to EI. Overall, the E.
acervulina strain in the tested field Eimeria population
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seemed to be resistant to amprolium and zoalene. This in
vitro method could be used to evaluate the sensitivity of
anticoccidials and their alternatives.

Key Words: Broilers; Coccidiosis; Intestinal health;
Models; Drug resistance
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13 Identification of cis-acting elements essential for
glucocorticoid induction of growth hormone gene
expression in chicken embryonic pituitary cells. Kuan
Ling Liu'*, Tom Porter', 'University of Maryland, College
Park, Maryland, United States.

Glucocorticoid (GC) treatment of rat or chicken embryonic
pituitary (CEP) cells induces premature production of
growth hormone (GH). The GH gene lacks a canonical GC
response element (GRE), and its induction by GC requires
ongoing protein synthesis. Some cis-acting elements
and trans-acting factors have been identified. One GC-
responsive region (GCRR) is located at -1045/-964 of the
chicken GH gene, which contains an ETS-1 binding site and
a degenerate GRE half site. Binding of ETS-1 and GC
receptor (GR) to these elements are required for
corticosterone (CORT) induction of the GH gene in ell
CEP cells. Downstream of the GCRR, deleting the
intermediate sequences between -953 and -650 of the GH
gene reduces CORT responsiveness. Our objective was to
identify additional cis-acting elements essential for GH
promoter activity in response to CORT. We cloned a
fragment of the chicken GH gene (-1724/+25) into a
luciferase reporter and transfected into e11 CEP cells. We
measured the promoter activity in fold changes of CORT
over basal treatment. Statistical analysis was conducted
using a one-way ANOVA, and Tukey’s HSD was
performed to determine significant differences among
groups. We narrowed the region of interest (-953/-650) to -
952/-890 through promoter deletions (P<0.001; n=4). This
region includes a putative distal (d) transcription factor
ETS-Like 1 protein (ELK-1) binding site (-947/-934), and
the mutation of this dELK-1 binding site in the -1742/425
GH reporter had a 70% reduction in activity compared to
the full length GH reporter (P<0.001; n=4). We continued
to identify four additional cis-acting elements from -650 to
+25 of the GH gene. Mutation of the medial (m)ETS-1 (-
464/-455), proximal (p)ELK-1 (-360/-347), pPIT-1 (-136/-
127), and pETS-1 (-22/-13) in the -1724/+25 GH reporter
all had lowered CORT responsiveness (P<0.001; n=4).
These results indicate that multiple response elements for
members of the ETS family of transcription factors are
required for CORT induction of GH transcription. We aim
to characterize these essential regulatory elements by
identifying the trans-acting factors that bind to these
regions. Revealing CORT-inducible #rans-acting factors for
the GH gene will contribute to better understanding of
endogenous GH regulation as well as its downstream targets
in chickens.

Key Words: corticosterone; development; somatotropin;
ETS-family of transcription factors; PIT-1

14 Identification of tissue-specific transcription
factor binding motifs in chicken strong enhancers.
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Shenwen Gu'*, Zhangyuan Pan', Huaijun Zhou!, ‘UC Davis,
Davis, California, United States.

Chicken meat is currently the most consumed animal
protein in the world. Genetic improvement in economically
important traits has enabled the industry to meet increasing
consumer demand. Identifying causal variants underlying
these large genetic gains will improve genomic selection for
these agronomic traits. The regulatory elements including
strong enhancers play a significant role in modulating the
gene expression. Genetic variants within the transcription
factor binding motifs (TFBMs) of strong enhancers are the
major contributing mechanism for higher production.
Hence, the objective of this study was to identify TFBMs
that were enriched in strong enhancers of respective tissues.
Previously, our lab garnered an atlas of regulatory elements
in the chicken genome from 23 tissues and categorized them
into 26 tissue-specific strong enhancers including each
individual tissue, all common (across all tissues), brain
common (across three brain tissues), and intestine common
(across four intestine tissues). Here, HOMER (v4.11) was
used to identify tissue-specific TFBMs that were
significantly enriched in strong enhancers with a cutoff false
discovery rate of less than 0.05. The results suggest that
there are many notable tissue-specific TFBMs such as
NF1& SOX6 in the brain, MEF2C in the muscle, and
HNF1B & HNF4G in the liver. These findings were
consistent with previously published results in human and
pig genomes. Remarkably, IRF8, an important transcription
factor for B cell development, has its motif specifically
enriched in the bursa — a lymphoid organ in the chicken.
Further footprinting analysis using the ATAC-seq signals
will be conducted to confirm the TFBMS. In conclusion, the
identified TFBMs in tissue-specific strong enhancers are
highly relevant to the corresponding tissue function. These
findings not only help wus predict tissue-specific
transcription factors to study gene regulatory networks but
also serve as an important tool for researchers to design
targeted gene expression experiments to decipher the link of
genotype to phenotype in chickens.

Key Words: Chicken; Transcription factor binding motif;
Tissue-specific regulatory elements; Enhancer

15 Functional Validation of Candidate Enhancers in
the Chicken Genome using Massively Parallel Reporter
Assays. Ligi An'*, Ying Wang!, Zhangyuan Pan!, Dailu
Guan!, Hans Cheng?, Huaijun Zhou!, ‘UC Davis, Davis,
California, United States, USDA-ARS, East Lansing,
Michigan, United States.

With the generation of the chicken genome, efforts have
switched to genome annotation, especially the identification
of tissue-specific enhancers given their important role in
regulating gene expression. As part of the FAANG effort,
our lab has identified thousands of candidate enhancers in



the chicken genome through in silico prediction. While an
important first step, the FAANG annotated enhancers may
have low concordance with their bona fide functional
activities, thus, experimental validation of enhancer activity
is needed. In this study, we aim to develop high-throughput
functional validation of enhancers in the chicken genome.
We first validated two candidate splenic-specific enhancers,
whose target genes encode Prolyl 4-Hydroxylase Subunit
Beta and Migration and Invasion Inhibitory Protein, using
the standard luciferase reporter assay in the DF-1 chicken
cell line. We are currently developing massively parallel
reporter assays (MPRAs) in DF-1 cells to be able to scale
up our screens. Our candidate enhancers include two sets of
predicted strong enhancers: (1) whose target genes show
high expression in DF-1 cells, and (2) whose target genes
show allele-specific expression related to genetic resistance
to Marek’s disease. Our MPRA library involves the
synthesis of ~2,000 putative enhancers each coupled to
unique barcodes. Positive and negative control sets are also
included. The development of this high throughput
enhancer validation system will enable the genome-wide
discovery and functional characterization of enhancers in
the chicken genome, which should provide a critical
knowledge base for the systematic exploration of their roles
in chicken biology and disease resistance.

Key Words: Enhancer; chicken genome; MPRAS; reporter
assay; high-throughput

16 Characterizing the alteration in insulin-
responsive  genes in  chicken pectoralis through
transcriptome analysis. Xiangli Zhang'*, Pengfei Du!,
Ziyang Wang!, Lin.Ge Gao'!, Huaiyong Zhang', W Chen!,
Y.Q. Huang!, 'College of Animal Science and Technology,
Henan Agricultural University, Zhengzhou, Henan, China.

Although emerging evidence indicated that insulin-
responsive genes are of considerable significance in both
development and metabolism among mammals, whereas the
potential function of insulin-responsive genes in the
development and metabolism of skeletal muscle remains
poorly understood in chicken. In the present study, the
mRNAs related insulin-responsive were identified in
chicken pectoralis using transcriptome analysis. With this
aim, forty 24-day-old male Arbor Acres broilers were
randomly divided into 2 groups and received intraperitoneal
injection of 5 IU/kg insulin or phosphate buffered saline
(PBS) after 16 h of fasting. Pectoralis was collected for
RNA sequencing at 15 min and 120 min after injection.
Regarding the analysis and identification of differentially
expressed genes (DEGs) by DESeq (padj < 0.05; |Fold
Change| > 2), showed that compared with the PBS group,
only 2 DEGs response to insulin after injection 15 min, 592
DEGs were screened after insulin injection 120 min,
furthermore, compared to insulin injection 15 min, 594
DEGs were screened after insulin injection 120 min;
thereinto, 410 DEGs were sensitive to both insulin
administration and manipulated time; regarding to 778
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insulin-responsive DEGs (i.e., 553 up-regulated and 225
down-regulated after insulin administration), the outcomes
from GO and KEGG enrichment analysis indicated that
these insulin-responsive DEGs mainly involved in
metabolism and muscle development. Besides, 11 insulin-
responsive DEGs were randomly selected for expression
verification by qPCR. The relative expression levels of
RNAs were normalized with f-actin and calculated using
the comparative 2"**CT method, and two-tailed unpaired ¢-
test were used. The results were consistent with the
fluctuation in the sequencing data. Specifically, it was found
that insulin inhibited the expression of insulin like growth
factor (including IGFI and IGF2) and promoted the
transcription of insulin receptor (INSR), phosphoinositide-
3-kinase regulatory subunit 1 (PIK3R1I), forkhead box O3
(FOXO023), solute carrier family 7 member 5 (SLC7AS5), 6-
phosphofructo-2-kinase/fructose-2,6-biphosphatase 3
(PFKFB3), pyruvate dehydrogenase kinase 4 (PDK4), and
pyruvate dehyrogenase phosphatase catalytic subunit 1
(PDPI). 1t is well-known that PFKFB3 and PDP]I are
associated with glycolysis and glucose oxidizing, as well
as SLC7A45 involved in neutral amino acid transport.
Therefore, the current study shows that insulin produces a
wide range of effects on the development and metabolism
of chicken pectoralis, which combines with /NSR to
upregulate glycolysis and the transportation of amino acids
in pectoralis of chicken through activating PI3K and/or
FOXO signaling pathway.

Key Words: chicken; insulin; transcriptomics; pectoralis

17 Study on the expression characteristics of
pyruvate dehydrogenase kinase 4 in broilers and its
response to exogenous insulin and restricted feeding.
Jingya Jiao'*, Lin.Ge Gao!, Huihong Li', H.Y Zhang!, W
Chen!, Y.Q. Huang!, Institute of Animal Science and
Technology, Henan Agricultural University, Zhengzhou,
China.

Pyruvate dehydrogenase kinase 4 (PDK4) has been shown
to be the center of pyruvate dehydrogenase complex (PDC)
regulating substance metabolism and play key role in
pyruvate metabolism by inhibiting PDC activity to provide
energy source for cell growth, implying that the regulation
of PDK4 could directly affect the efficiency of glycolysis.
Therefore, this experiment was conducted to detect
the PDK4 expression in different tissues responses to
exogenous insulin and feed restriction in broilers. The 24-d-
old broilers were intraperitoneally injected with insulin (5
IU/kg) or phosphate buffer saline (PBS). Tissue samples
were collected at different time points (0, 15, 120, and 240
min, n = 5) after injection, and the expression of PDK4 in
different tissues was detected at 0 min and corresponding
time points after injection. In addition, to evaluate the
response of the expression of PDK4 to feed restriction, 7
day-old broilers were randomly divided into 3 groups:
control group free to access to conventional diet, energy
restriction group (15% energy restriction), or protein



restriction group (15% protein restriction) the experiment
lasted until 21 days of age. Similarly, twenty 16-d-old
broilers were randomly selected for fasting for 24 h and
freely feeding experiment. The pectoral muscle was gained
for the determination of the expression of PDK4. Data were
analyzed by one-way analysis of variance (ANOVA)
followed by Tukey multiple comparisons. Results showed
that the PDK4 expression was the lowest in chest muscle,
liver and leg muscle at E14 stage (P < 0.05), and it
upregulated gradually with the increase of embryonic age in
the pectoralis muscle. In the liver, the PDK4 expression was
highest at the end of embryonic development (P < 0.05),
and significantly downregulated after hatching (P < 0.05).
However, the PDK4 expression was  significantly
upregulated in leg muscle at D7 and D21 stages (P < 0.05).
Response to insulin administration, the PDK4 expression
level was significantly increased at 120 min in pectoral
muscle by insulin injection as compared with PBS group
(P< 0.05), whereas the PDK4 expression level was
significantly decreased in abdominal fat at 240 after insulin
injection (P < 0.05). In this study, neither 15% energy
restriction nor 15% protein restriction did change the
expression of PDK4in pectoral muscle (P> 0.05).
However, 24 h fasting significantly increased the expression
of PDK4 in the breast muscle of broilers (P < 0.05). In
conclusion, these studies indicate that PDK4 expression
varied in different developmental stages and tissues, and
both  insulin  injection and 24 h  fasting
increased PDK4 expression in breast muscle of broilers.

Key Words: chicken; PDK4; restriction; insulin

18 Molecular cloning and expression
characterization of chicken Glucose transporter protein
4 (GLUT4). Pengna Luo'*, Chuanchen Su!, Ziyang Wang',
Huihong Li', HY Zhang!, W Chen!, Y.Q. Huang', Henan
Agricultural University, ZhengZhou, Henan, China.

Glucose transporter protein 4 (GLUT4) plays an important
role in regulating insulin-mediated dynamic balance of
glucose metabolism in mammals. Until now, studies
on GLUT4 have focused on mammals mostly, while
chicken GLUT4 has been rarely investigated. In this study,
we cloned the sequence of chicken GLUT4 and analyzed its

expression characterization. The GLUT4 sequence
the GLUT4 sequence of chicken was obtained by
combining conventional amplification, 3’-rapid

amplification of cDNA ends (RACE) and 5’-RACE, and
then bioinformatics analysis was carried out. In addition, the
distribution of GLUT4 in 24-day-old Arbor Acres broilers
and the changes of GLUT4 expression level in insulin-
sensitive tissues after abdominal subcutaneous injection of
5 IU/kg insulin were successfully collected and four
samples per group were used for gPCR. One-way ANOVA
was used to analyze data with multiple groups,
Students’ ¢ test was used to analyze the difference between
two groups. Results showed that chicken GLUT4 gene has
at least 14 transcripts predicted encoding 12 types of amino
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acid sequences (ranged from 65 AA to 519 AA). All
transcripts can be mapped to the chicken genome. The
predicted proteins had typical MFS domain of glucose
transporters. However, subcellular localization of different
proteins varied widely. The predominant transcript (named
as T1), consisted of 11 exons with an open reading frame
(ORF) of 1560 bp encoding 519 amino acids. Analyzing the
expression distribution of GLUT4 in the tissues, it was
found that GLUT4 was constitutively expressed in the
pectoralis, leg muscle, heart, liver, glandular stomach, brain,
lung, kidney and abdominal fat, with the highest mRNA
level in pectoralis. Furthermore, after insulin injection, the
expression of GLUT4 showed an upward trend in the
pectoralis, leg muscle, liver and abdominal fat with
time. GLUT4 expression at 240 min was significantly
higher than 0 min in pectoralis and abdominal fat (P < 0.05).
Compared with PBS group, after 240 min of insulin
treatment, the expression level of GLUT4 in leg muscle was
significantly upregulated (P < 0.05). These data indicated
that chicken GLUT4 gene might undergo complex
transcription regulation and may be involved in glucose
metabolism after insulin treatment. The study provided a
basis for further understanding of glucose homeostasis in
birds which is still enigmatic.

Key Words: insulin; GLUT4; gene cloning; bioinformatics
analysis; expression

19 Expression characteristics of Chicken Sestrin 1
and its response to exogenous stimulus. Huihong Li'*,
Binghao Shao!, Jingya Jiao!, Huaiyong Zhang!, Y.Q.
Huang!, 'Henan Agricultural University, Zhengzhou, China.

Sestrin (SESN), an insulin- and glucose-sensitive gene,
involves in the regulation of aging, muscle development,
nerve degeneration, and carcinogenesis. However, the
expression of SESNI gene is rarely studied in chickens. The
purpose of this study was to identify the spatio-temporal
expression of SESN/ in chicken and its response to
exogenous glucose, insulin, sodium pyruvate, and restricted
feeding. Data were analyzed using One-way the analysis of
variance (ANOVA). The outcomes from the spatio-
temporal expression characteristics of SESNI at different
growth stages (E10, E19, 21 d, 49 d, n = 4) showed that the
relative expression levels of SESNI were the highest in the
pectoralis muscle of 21 d chicken, followed by leg muscle
and pancreas (P< 0.01). The expression level
of SESN1 dramatically varied in the pectoral muscle of
birds at different growth stages, with the highest level at E19
and the lowest at E10 (P < 0.01). Subsequently, the
expression of SESNI were explored with the pectoral
muscle of broilers collected at different time points after
intraperitoneal injection of glucose (18 d, n = 6), sodium
pyruvate (21 d, n = 6) or insulin (24 d, n = 6). Here, up to
120 min after insulin treatment, the expression
of SESNI increased obviously and then began to decrease.
In addition, the transcription of SESNI was significantly
higher at 120 min than the basal state or phosphate buffer



saline group (P < 0.01). After sodium pyruvate injection,
the expression of SESN/ in the pectoral muscle showed a
significant increase in 1 h. Nevertheless, under the
stimulation of exogenous glucose, the expression
of SESN1 did not change significantly in the first 10 min,
but it significantly decrease at 60 min. Response to
restricted feeding, 15% protein restriction resulted in the
decreased expression of SESN/ in breast muscle when
compared with the control group (P < 0.05). In summary,
these results suggested that the relative expression levels
of SESN1 was higher in the pectoralis muscle of chicken,
which might be involved in the gluconeogenesis of breast
muscle.

Key Words: breast muscle; chicken; SESN1; exogenous
intervention

20 Effect for introduction Rhode Island Red genes
on the related indexes of Henan fighting chickens.
Chuanchen Su'* Pengna Luo' Yongshuai Wang' H.Y
Zhang! Wen Chen' Y.Q. Huang'!, ‘Henan Agricultural
University, Zhengzhou, Henan, China.

Henan fighting chickens is a famous Chinese cockfighting
breed, which had strong aggressive. This experiment aims
to investigate the effect for the introduction of 25% genes
from Rhode Island Red chickens on the related indexes of
Henan fighting chickens through the comparisons between
120-day-old pure Henan fighting chickens (PC, n=10) and
its hybrid chickens (introduced into 25% Rhode Island Red
genes, HC, n=10), half male and female were used for the
related research in each breed respectively. The serum
biochemical parameters were measured, and the muscle
fiber features were detected from the pectoralis and leg
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muscles of birds. All data were analyzed by SPSS23 for
One-way ANOVA and double-factor variance analysis.
Results showed that for the serum biochemical indexes, the
globulins (GLO) (P < 0.01), cholesterol (CHO) (P < 0.01)
and LDL-C (P < 0.05) in the HC roosters were significantly
higher than those in the PC roosters, and there was
significantly gender effect for triglycerides (TG) (rooster is
higher than the hen, P = 0.002). In pectoralis, muscle fiber
diameter had significant population effects (HC is higher
than PC, P = 0.014) and gender effects (rooster is higher
than the hen, P =0.013); The muscle fiber density in the HC
roosters was significantly higher than that in the PC roosters
(P< 0.01). In leg muscles, the muscle fiber density
presented significant interaction effect between population
and gender, it was significantly higher in the PC roosters
than that the HC roosters and the female PC chickens (P <
0.01); While it was significant lower in the female PC birds
than that the female HC birds (P < 0.05). The MyHC
(Myosin Heavy Chain) and MyoG (myogenin) genes are
genes associated with fiber development. The qRT-PCR
results showed that the MyHC mRNA level in the HC
roosters was higher than that in the PC roosters (P = 0.057)
in pectoralis. MyHC mRNA levels in female HC chickens
were significantly higher than that female PC chickens (P <
0.01) in leg muscle. In addition, there were no significant
differences between two breeds for the expression of MyoG
gene in both pectoralis and leg muscles of birds. It shows
that the introduction of 25% Rhode Island Red genes
changed the serum indexes and muscle fiber traits of Henan
fighting chickens in sex-specific manner.

Key Words: Rhode Island Red; qRT-PCR; Henan fighting
chickens; serum  biochemical indicators; fiber
characteristics
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21 Tracking Pecking Behaviors and Damages with
Machine Vision in Cage-free Hen Houses. Sachin
Subedi'*, Lilong Chai', Ramesh Bist!, Xiao Yang!,
'University of Georgia, Athens, Georgia, United States.

Feather pecking is one of primary welfare issues in cage-
free hen houses. Pecking can seriously reduce the well-
being of birds and causes economic losses for the egg
producers. After beak trimming is a highly criticized in
Europe and the USA, alternative methods are needed for
pecking monitoring and management. A possibility for
minimizing the problem is early detection of feather
pecking behaviors and damages to prevent it from spreading
or increasing. Rea-time monitoring of feather pecking and
warning is a possible solution. The objectives of this study
were developing a machine vision method and testing the
performance of the model in tracking pecking behaviors of
chickens and potential damages on injured birds. Object
detection is a significant branch of computer vision and
image processing. In recent years, there have been
advancements in deep learning-based object detection
methods. YOLO (You Only Look Once) is an advanced
object detection technology with very high precision and
speed compared to CNN-based algorithms (e.g., R-CNN,
Faster R-CNN, and Mask R-CNN, etc.). In this study, we
proposed a “YOLOVS5 network to detect feather pecking of
laying hens in research cage-free facilities. A dataset of
1924 images (1300 training, 324 validations, and 300 test)
from 22-28 weeks of age was created to analyze the feather
pecking behavior. We manually annotated the images using
“Makesense.ai” an open-source image annotation tool, and
we saved the annotated files in txt format. A rectangular
shape bounding box was drawn to the object indicating the
feature of “Pecking.” For data analysis, we divided the data
files into two folders: images and labels, with each folder
having two subfolders: train and valid. Pre-trained YOLOvV5
algorithm trained our dataset. We took 300 unlabeled
images as a test dataset for detection. Results show that the
trained algorithm can detect the feather pecking behavior
with high confidence. We trained our datasets with batch
size of 32 for 180 epochs using Google Colaboratory. The
precision, recall and mean average precision (mAP) of the
model for training and detection were 0.701, 0.407, and
0.485, respectively. Getting the best image quality in farm
conditions is somewhat tricky as there is an accumulation of
dust on the farm and the crowding of birds. This affects our
model to get the best information from our data and overall
accuracy. This current study is novel, and there have been
no previous studies that used computer vision methods to
detect feather pecking behavior. We are -currently
improving the model to detect the pecking more accurately.

Key Words: animal welfare; feather pecking; precision
farming; Laying hen production; deep learning
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22 A deep learning model for detecting hens on litter
floor of cage-free houses. Xiao Yang'*, Lilong Chail,
Ramesh Bist!, Sachin Subedi', 'University of Georgia, Athens,
Georgia, United States.

Real-time and accurate detection of chicken is the
cornerstone of precision farming based on imagine
recognition. However, such identification becomes more
challenging under cage-free situation comparing to caged
hens. In this study, we developed a deep learning model
based on YOLOv5 and YOLOX, two advanced
convolutional neural networks (CNN) for monitoring hens’
behaviors under cage-free facilities. More than 1000
imagines were used to train the model and additional 200
imagines were adopted to test it. The one-way ANOVA and
Tukey HSD analysis were conducted using JMP software
(JMP Pro 16 for Mac, SAS Institute, Cary, North Caronia)
to determine whether there are significant differences
between predicted number of hens and actual number of
hens under various situations (i.e., age, light intensity, and
observational angles). The difference was considered
significant at p< 0.05. Our results show that the evaluation
metrics (Precision, Recall, F1 and mAP@0.5) of the model
are 0.96, 0.96, 0.96 and 0.95, separately, in detecting hens
on floor. The model has stable performance in detecting
birds under different lighting intensities, angles, and ages
over 8 weeks. For instance, the model was tested with 95%
accuracy after birds were 8 weeks old. However, younger
chicks such as one-week old birds were hard to be tracked
with only 25% accuracy due to interferences of equipment
such as feeders, drink lines, and perches. According to
further data analysis, the model performed efficient in real-
time detection, which is the key step for individual birds’
tracking for evaluation of production and welfare. However,
there are some limitations for the model. Error detections
came from highly overlapped stock, uneven light intensity,
and images occluded by equipment (i.e., drinking line and
feeder). Future research is needed to address those issues for
a higher detection. Current study establishes the first real-
time and accurate CNN model under cage-free facilities for
birds’ detection, which provides technical basis for
developing a machine vision system for tracking individual
birds for evaluation of behavior and welfare status.

Key Words: Egg production; precision farming; cage-free
system; deep learning algorithms

23 Effects on Production, Welfare, and Behavior on
Layers Transferred from a Caged to Cage-free
Environment. Gerald Self,'*, Ishab Poudel', Pratima
Adhikari', Mississippi  State  University, Starkville,
Mississippi, United States.

A six-week study was conducted to evaluate the behavior,
welfare, and production effects on laying hens with a history
of cage system after being transitioned to a cage-free



environment. A total of 84 Hy-Line W-36 laying hens at the
age of 70-weeks were used in the experiment. Each pen
consisted of seven birds and contained identical littered
floors, waterlines with nipple-drinkers, hanging feeders, and
wooden perches. Furthermore, each pen also contained a
HikvisionO Night Vision camera to observe the behaviors
of the hens at various points of time during the day. Hens
were adapted for one week for acclimation to the cage-free
environment. The production performance data calculated
were the following: feed intake (FC), hen-day egg
production (HDEP), hen-day egg mass (HDEM), and feed
conversion ratio (FCR-gram of feed consumed per gram of
egg) . The production performance data was analyzed as in
a completely randomized design (CRD) comparing with
weeks as a factor, with PROC GLM procedure SAS 9.4.
Furthermore, four welfare evaluations were also conducted
throughout the trial evaluating the paw, comb, and feather
scores. There were no differences in HDEP, HDEM, and
average egg weight. Welfare data was analyzed with PROC
FREQ procedure and subjected to Fisher’s Exact test. The
positive welfare results opposed the hypothesized negative
results as the trial was conducted. Paw scores remained
consistent throughout the trial with a lesion percentage of
4.86% to 6.08% through the four scoring evaluations.
Feather lesion percentage initially began at 6.99% but
decreased to 4.26% by the 73 week; however, after this the
lesion percentage rose to 11.55% (P=0.0005). Comb lesion
percentage remained at 5.78% through the first two scoring
evaluations, but steadily decreased to 3.95% by the final
evaluation (P=0.0733). The two main behaviors observed
from the transferred hens were preening and foraging.
Preening accounted for 45% of the hens’ daily activity, and
foraging accounted for 44%. Furthermore, the hens’ activity
also exhibited minor behaviors of perching, dustbathing,
and brooding. Thus, contrary to the hypothesis, hens require
longer than one month for adaptation to their new
environment. It may take up to four additional weeks for
hens to adjust and acclimate to their new environment.
Furthermore, the stress caused from the environmental and
pen mate changes may have induced molting within the 70-
week-old hens. As consumer preference towards
alternatively produced eggs in the market becomes more
prevalent, further extensive studies that evaluate welfare
become more essential to continue the growth of the egg
industry.

Key Words: Laying Hen; Behavior; Cage-free

24 Strain, age, and maternal fed omega-3 fatty acids
influence egg-laying chickens in a discrimination task.
Rosemary Whittle'*, Alexandra Harlander!, David Ma!, Elijah
Kiarie', Tina Widowski!, 'University of Guelph, Guelph,
Ontario, Canada.

Maternal fed omega-3 fatty acids (n-3 FA) increase
cognition in offspring of many species, including mice,
partridges, and primates. Supplementing hens’ diets with
flaxseed n-3 FA high in alpha-linolenic acid, may benefit
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embryonic brain development. This study aimed to
determine if a maternal flaxseed diet would alter the
performance of offspring in a discrimination task. Parent
flocks (Shaver white and ISA brown) were fed a control (C,
n6: n3 ratio = 14.7) or 2.6% co-extruded full-fat flaxseed
diet (Flax, n6: n3 ratio = 5.3). Offspring were housed in 48
enriched floor pens (12 pens per strain/treatment
combination). At 12 (pullets, pre-laying) and 33 (hens, egg-
production) weeks old, naive birds were selected for a
discrimination task with 3 stages: training (N=437),
discrimination test (DT) (N=350), and reversal learning
(RL) (N=213). Training had five phases (P): P1 — eat from
clear cup, P2 — eat from coloured cup, P3, P4, and P5 —
remove lid and eat from half, 3-quarter, and fully covered
cup respectively. Pass criteria for training - 4/5 completed
tasks in each phase. In DT and RL, birds were presented two
cups simultaneously, with food in one coloured cup (green
or blue). The pass criteria were 4/5 correct choices for DT
and RL for 3 and 2 consecutive days. In DT and RL, birds
not reaching criteria in 9 days were excluded. Data were
analysed using survival analyses, determining the hazard
ratio (HR), upper (CIH) and lower (CIL) confidence
intervals, and p-values. There was a significant effect of age
for P1 (HR=1.55, CIL=1.15, CIH=2.09, p<0.001), P2
(HR=1.86, CIL=1.21, CIH=2.86, p=0.004), P3 (HR=1.54,
CIL=1.00, CIH=2.38, p=0.049), DT (HR=1.33, CIL~=1.01,
CIH=1.74, p=0.042) with hens more successful than pullets
and tending to be more successful in P4 (HR=1.91,
CIL=0.99, CIH=2.62, p=0.054). In RL pullets were more
successful than hens (HR=0.44, CIL=0.23, CIH=0.86,
p=0.016). There was a significant effect of strain in P4
(HR=1.74, CIL=1.02, CIH=2.98, p=0.043) and DT
(HR=1.33, CIL=1.01, CIH=1.75, P=0.042), white chickens
were more successful. There was an interaction between
treatment and strain in P3, brown/Flax chickens were most
successful (HR=2.01, CIL=0.96, CIH=4.18, p=0.036).
There was a significant interaction between strain and age
for P1 (HR=2.28, CIL=1.48, CIH=3.52, p<0.001) and P3
(HR=2.09, CIL=1.09, CIH=3.99, p=0.026), brown/hens
were most successful. These results show that age, strain,
and their interaction affected the performance of layers in
this learning task. Supplementing maternal diet with n-3 FA
had little effect on the learning rates or success in this task.

Key Words: Behaviour; Laying hen; Maternal diet;
Omega-3 fatty acids; Cognition

25 Heterophil to lymphocyte (H:L) ratios are an
inaccurate short term measure of acute stressors in
laying hen pullets. Meagan Abraham?*, Gregory Fraley?,
Priscila Serpa!, Darrin Karcher?, 'Virginia Tech, Blacksburg,
Virginia, United States, >Purdue University, West Lafayette,
Indiana, United States.

The pullet phase accounts for 25% of a laying hen’s life and
management choices during this phase can potentially affect
a hen’s lifetime productivity and welfare. However, there
has been limited research on management, welfare, and the



stress response of pullets. As the laying hen industry
develops new housing styles and attempts to identify best
practices for management and welfare in extensive housing,
there is an immediate need to accurately evaluate stress
during the pullet phase. Historically, heterophil to
lymphocyte (H:L) ratios have been used as a proxy to
measure stress levels in poultry. Elevated H:L ratios result
from decreased proportions of lymphocytes in circulation in
response to corticosteroids. This may signal reduced
welfare, but it is unclear if these same H:L elevations occur
during the pullet phase. A factorial crossover design was
used to artificially activate the hypothalamic-pituitary-
adrenal (HPA) stress pathway to understand changes in the
stress response during a hen’s lifetime. Ten birds were
injected with 0.125 mg/kg Cosyntropin™ (ACTH) or a
control (mannitol-saline) solution at 6, 17, and 26 weeks of
age (WOA). Blood was collected into heparinized syringes
before the treatment injection and one and two hours post-
injection. A log-transformed, linear model of treatment, age,
time after injection and interaction effects was evaluated.
Age, time after injection, and age*treatment effects were
found (P<0.01). Comparing ACTH versus control
treatments at each age found no difference (P > 0.05) within
an age group although an age*treatment interaction was
found (P <0.01). The highest average H:L ratios, 0.321,
were observed at 26 WOA and the lowest were recorded at
17 WOA, 0.006. Average H:L ratios at 6 WOA were 0.016.
Based on Tukey’s method of multiple comparisons,
differences between ages were significant (P<0.05). H:L
ratios increased, regardless of treatment, as time from the
initial injection increased. Mean H:L ratios were 0.020,
0.027, and 0.054 at 0, 1, and 2 hours post-injection,
respectively. Pairwise comparisons using Tukey’s method
found differences when comparing 0 and 2 hours post-
injection only (P=0.03). Chronic handling stress was likely
causing the elevations in H:L ratios at 2 hours post-injection
and the dip in H:L ratios at 17 WOA is likely due to
hormonal and physiological changes as the pullet reaches
sexual maturity. This illustrates caveats to evaluation of
stress during the critically important pullet phase. H:L ratios
were not affected by short-term HPA axis activation, using
ACTH, within 2 hours of a stressor. H:L ratios were not an
accurate measure of acute stress in pullets.

Key Words: Stress; Welfare; Heterophil, Lymphocyte;
Pullet

26 Characterizing age-related changes in walking
ability and welfare of individual broiler chickens with
sound and poor gait and the effects of stocking density
in commercial barns. Hailee Yoder'*, Anja Riber?, Tomas
Norton’, Marisa Erasmus', ‘Purdue University, West
Lafayette, Indiana, United States, Aarhus University,
Aarhus, Denmark, Katholieke Universiteit Leuven, Leuven,
Belgium.

Lameness is a costly welfare concern of broilers which can
lead to additional welfare concerns and lost productivity.
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While it is known that walking ability declines with age and
increasing stocking density, little is known about whether
individual birds initially classified as having sound or poor
gait experience similar declines in walking ability. This
study examined 1) how walking ability (gait) and welfare
measures of individual broiler chickens that were originally
classified as having poor or sound gait changed with age,
and 2) the influence of stocking density on changes in gait
and welfare measures. Four pens (4ft x 10 ft), representing
4 groups were constructed in each of 4 commercial barns (2
barns/farm; n=4 pens/group). Broilers (Ross 708, 196
birds/barn) were randomly assigned to pens based on their
gait at 33d. The four groups were: S, birds with sound gait
housed at farm stocking density (61b/ft?, 56 birds); P, birds
with poor gait at farm density; MF, mixed (sound and poor)
gait at farm density; and ML, mixed gait at low stocking
density (3Ib/ft, 28 birds). Sound gait was classified as a
score of 0-1 on the Bristol Scale (Kestin et al., 1992), while
poor gait was classified as a score of 2+. Completely lame
birds were excluded. In addition, welfare measures (hock
burn, footpad dermatitis, and feather cleanliness) were
scored at 33d, prior to moving birds into pens. Gait and
welfare measures were again scored at 37d. Welfare
measures were compared among conditions and time points
using PROC LOGISTIC (SAS 9.4) to calculate odds ratios.
Odds ratios determine the likelihood of one group/age
having a score of 0 vs. the other group/age. Walking ability
decreased in all groups from 33d-37d. At 37 d, 78% of S
birds, 17% of P birds, 49% of MF birds and 29% of ML
birds experienced decreased walking ability. All groups
experienced a decrease in other welfare measures; odds
ratios indicated that all groups had low odds of having no
hock burn, no footpad dermatitis, and clean feathers at 37d
(p<0.0001). The P, ML, and MF birds had lower odds of
having a 0 gait score at 37d vs. 33 d (p<0.0001). By 37d,
ML birds were more likely to have clean feathers compared
to all other groups (p< 0.0001), and S birds were more likely
to have clean feathers compared to P (p<0.0001) and MF
(p<0.0001) birds. In addition, P birds were less likely to
have no hock burn compared to S birds (p<0.0001), MF
birds (p< 0.0001), and ML birds (p<0.0001). These results
indicated that gait of all birds declined with age, but less so
in birds housed at the lower stocking density. Therefore,
walking ability, stocking density, and age influence the
welfare of broiler chickens.

Key Words: Broiler; Welfare ; Gait; Stocking Density

27  Effect of pasture type on range use in fast-
growing broiler chickens. Bidur Paneru'*, Gabriel Pent',
Shawna Nastasi!, Adam Downing!, John Munsell!, John
Fike!, Leonie Jacobs!, 'Virginia Tech, Blacksburg, Virginia,
United States.

Access to an outdoor range provides opportunities for
exercise in broiler chickens and has been positively
associated with animal welfare outcomes such as improved
leg strength and gait compared to broilers housed solely



indoors. USDA-certified organic production requires
outdoor access for chickens but provides no or limited
natural vegetation other than grass. These conditions do not
provide opportunities to seek cover from predators or avoid
extreme weather conditions, contributing to limited range
use. Providing access to silvopasture, an area with larger
vegetation for shelter that may also serve as an additional
source of income (fiber, fruit, nuts, woody decoratives, etc.)
for the producer, may benefit ranging behavior. The study
objective was to evaluate the effect of pasture type
(silvopasture; SP or open pasture; OP) on range use in fast-
growing broiler chickens. Day-old mixed-sex Ross 708
chicks (n=864) were housed in 12 pens (53/54 birds per pen)
until day (d) 22 and were provided access to range (six
125m? SP plots; average mean=32% canopy cover or six OP
plots; without canopy cover) from d23. Plot-level range use
(% of the flock outside) was assessed hourly from
photographs (wildlife cameras) from d24-41 (890-899
photos per treatment) between 8 AM and 5 PM. Range use
data were analyzed with mixed models in JMP Pro 16 with
treatment, age (week), and their interactions as fixed factors,
tested by time of day (morning, midday, afternoon), with
plot ID as a random factor. Non-significant interactions
(P<0.1) were removed from the model. Data are presented
as LSMEAN=SE. The SP and OP ranges were equally used
in the mornings regardless of treatment (SP:12.5+0.9% vs.
OP:12.8+1.0%; p=0.926), yet fewer birds were ranging in
the mornings in week 3 (1.6+2.7%) compared to week 5
(17.0£1.0%) and 6 (17.7£1.5%), in week 4 (7.4+1.0%)
compared to week 5 and 6, and in week 5 compared to week
6 (all Tukey HSD p<0.001). At midday, more birds ranged
in SP than in OP treatments (SP:1.0+£0.4% vs.
OP:0.0+0.4%; p=0.034). Midday range use was not
impacted by age (p=0.575). In the afternoon, range use was
impacted by a treatment by age interaction (p=0.010), with
most birds ranging in SP in week 5 (7.2+0.9%) compared to
all other treatment and age combinations (all p<0.006). Our
findings show a preference for morning range use regardless
of range type. In addition, providing fast-growing broiler
chickens access to a silvopasture will improve range use
compared to an open grass pasture, especially in the
afternoon, with range use peaking at 5 weeks of age.

Key Words: animal welfare;
outdoor access; time of day

behavior; silvopasture;

28 Effects of environmental enrichment on turkey
welfare and walking ability. Yiru Dong'*, Gregory
Fraley!, Janice Siegford?, Fengqing Zhu!, Marisa Erasmus',
'Purdue University, West Lafayette, Indiana, United States,
’Michigan State University, East Lansing, Michigan, United
States.

Environmental enrichment (EE) is one effective way to
reduce injurious pecking and improve poultry welfare.
However, little is known about the age-related benefits of
EE to improve the walking ability and welfare of
commercial tom turkeys. This study investigated age-
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related changes in turkey welfare measures (wounds,
feather quality (FQ), feather cleanliness and footpad
condition) and walking ability (gait) as influenced by five
different types of EE. Turkeys (n = 420) were randomly
assigned to one of six treatment groups: a straw bale (S),
platform (P), platform + straw bale (PS), pecking block (B),
or tunnel (T) as enrichment or to a control group (C; no
enrichment). Welfare measures and gait were assessed at 8,
12, 16 and 19 wk and analyzed using PROC LOGISTIC
with Firth’s bias-correction (SAS 9.4). Age significantly
affected most welfare measures and gait, while minimal
overall treatment effects were observed. Better wing FQ
with age was observed in turkeys in S and T groups.
Compared to 8 wk of age, turkeys in the S group had better
wing FQ at 16 (P =0.028) and 19 wk (P =0.011). Similarly,
wing FQ (P = 0.008) was better at 19 wk vs. 8 wk for T
turkeys. Unlike FQ that improved with age in some cases,
footpad condition worsened over time for turkeys in all
treatment groups except for the S group. Footpad condition
was worse at 19 wk than at 8 wk for turkeys in P (P =0.024),
PS (P =0.039), B (P =0.011), T (P = 0.004) and C (P =
0.014) groups and was worse at 19 than at 12 wk for turkeys
in B (P=0.038), T (P=0.015) and C (P = 0.045) groups.
Footpad condition was worse at 19 than at 16 wk for turkeys
in the T (P = 0.007) and C (P = 0.048) groups. Footpad
condition was also worse at 16 wk than at 8 wk for turkeys
in the B (P = 0.046) group. Gait also worsened with
increasing age in all treatment groups. Gait was worse at 19
wk for S (P <0.001), P (P <0.001), PS (P <0.001) and B
turkeys (P <0.001) compared to 8, 12 and 16 wk, while gait
inT (P<0.001) and C turkeys (P <0.001) worsened starting
at 16 wk. In conclusion, providing turkeys with a straw bale
and tunnel can help improve wing feather quality with age,
and providing straw bales can reduce the development of
footpad dermatitis. Providing elevated structures (bale or
platform) and EE that satisfies turkeys’ pecking and
foraging needs (straw bale or pecking block) can potentially
delay the onset of gait problems compared to turkeys not
provided with enrichment or provided with a tunnel.

Key Words: gait; turkey; welfare; environmental
enrichment; walking ability
29 Two are better than one?: Effects of

Environmental Enrichments Combinations on Well-
being measures in colony caged Japanese Quail
(Coturnix japonica). Chirantana Mathkari'*, Rachel
Dennis', ' University of Maryland, College Park, Hyattsville,
Maryland, United States.

Breeding purpose Japanese quail (Coturnix japonica) are
often maintained in barren cages with little stimulation.
These conditions commonly show stress-related behaviors
that can cause serious injury and mortality. Environmental
enrichments (EEs) that can provide protection from
unwanted interactions (e.g. protective hut), or that can
provide mental stimulation (e.g. mirror) are potential
solutions to this welfare issue. Our previous research



showed that adding either type of EE to the birds’ cage
reduces stress-related behaviors and injuries, without
impacting their productivity. The current study aimed at
evaluating the effectiveness of simultaneous exposure to 2
such EEs on breeding quail well-being. 29 breeding colony
cages of quail (1 male, 2 females/cage) were used. The
treatments consisted of: protective hut with octagonal
mirror (H+OM), protective hut with rubber mat (H+RM),
and protective hut with feeder toy (H+FT). Using an
incomplete Latin square design, each cage received one of
the 3 EE combinations or a control (protective hut) for a
period of four weeks (n=13/trt). Behaviors and production
parameters were analyzed using a one-way ANOVA; and
body scores were analyzed using a Chi-square in SAS 9.4.
H+RM was the most interacted EE combination (P<0.001).
No notable interaction differences were seen between H+FT
and H+OM (P>0.05). Interactions with the hut were
significantly more in the H+OM birds than those in the
H+RM, H+FT and control groups (P<0.0001, P=0.007 and
P=0.027). Compared to the control, cage pecking reduced
significantly in H+RM and H+FT (P<0.0001 and P=0.049).
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Vigilant behavior was significantly decreased in H+OM
than in the control (P=0.018). Sexual mounting in the
treatments did not differ from the control (P>0.05). The
treatments did not impact bird pecking or preening
frequencies (P>0.05). Compared to the control, H+OM
exhibited a trend of reduced walking and increased standing
(P=0.050 and P=0.066). Birds in the H+RM group sat
notably more than those in the control (P=0.024). The
treatments did not impact eating and drinking behaviors
(P>0.05). Birds’ body weight, egg production, injury scores
and footpad scores remained unaffected by the treatments
(P>0.05). Compared to control, H+OM and H+FT showed
a trend of improved feather score (P=0.067). Overall,
exposure to hut along with another EE reduced more stress-
related behaviors than exposure to only hut. Our results
suggest that compared to a single EE, the use of optimal EE
combinations in breeding quail can mitigate a larger variety
of stress-related behaviors and improve well-being.

Key Words: Quail; Welfare;
Environmental enrichment

Behavior; Housing;
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30 Evaluation of forming agent inclusion on textural
profile analysis of dehydrated pet treats with different
thickness manufactured from broiler chicken wing tips.
Juan Barberena'*, Jorge Romero', Justin Dunavant!,
Cristopher Almendares', Diego Ventura Urbina', Josue Cerritos’,
Alexandra Caballero!, Hilary Carrera!, Hector Fajardo
Menjivar!, Ileana Berganza!, Luis Guzman!, Francisco
Castilblanco!, Eric Altom?, Jessica Starkey', Charles Starkey’,
"Auburn University, Auburn, Alabama, United States, *Balchem
Corp., New Hampton, New York, United States.

Wingtips (WT) are co-products resulting from broiler
chicken processing. Due to their low consumer acceptance
and market price, WT may be used by pet treats
manufacturers as an alternative protein source. Inclusion of
a structure forming agent (ALGIN) containing sodium
alginate (SA) and encapsulated calcium lactate (ECL) can
aid in the formation of pet treats derived from broiler
processing co-products. The purpose of this study was to
evaluate texture profile analysis (TPA) of pet treats
generated from WT with 4 ALGIN inclusions sliced to 2
different thicknesses. Previously frozen WT were ground
through a 4.8-mm grinder plate and mixed with 1 of 4
ALGIN concentrations: a control (0X) with no added
ALGIN, 0.5X (0.425% ECL + 0.5% SA), 1X represents the
manufacturers recommended inclusion (0.85% ECL + 1%
SA), and 2X (1.7% ECL + 2.0% SA). Mixtures were
extruded into 63.5-mm-diameter casings and covered with
plastic wrap. Chubs were refrigerated at 4 °C for 12 h to
allow gelation and then frozen at -20 °C for 3 h to facilitate
slicing into 5 and 10-mm-thick slices to produce 8§
treatments. Treats were dehydrated at 93.3 °C until an
internal temperature of 73.8 °C was reached and then at 65.6
°C until water activity reached 0.8. A TA-HDplusC texture
analyzer with a TA-30-cylinder probe was used to evaluate
hardness, resilience, cohesiveness, chewiness, and
springiness on 10 samples per variable per treatment of
dehydrated slices using 2-cycle compression. Data were
analyzed as a 2-way ANOVA using the GLIMMIX
procedure of SAS and means were separated at P <0.05. No
ALGIN x slice thickness interactions were observed for
hardness (force required to deform), resilience (ability to
regain original form after compression), cohesiveness
(structural integrity under compression), and chewiness
(energy required to masticate; P> 0.1391). No differences
were observed for hardness (P > 0.3657). The 10-mm-thick
slices had greater ability to regain their original form after
compression (P < 0.0001), kept major structural integrity
under compression (P < 0.0001), and more energy was
required to masticate (P = 0.0002). An ALGIN x slice
thickness interaction was observed for springiness and 10-
mm-thick treats containing 0.5X ALGIN recovered the
most height after compression among all treatments (P =
0.0308). In conclusion, increasing slice thickness resulted in
treats with greater resilience, cohesiveness, and chewiness.
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Further characterization will be required to determine the
acceptability by pets and pet owners of these treats
manufactured using structure forming technology and low-
value WT.

Key Words: Dehydration; Texture; Co-product; Sodium
alginate

31 Evaluation of forming agent inclusion and slice
thickness on textural profile analysis of raw pet treats
generated from broiler wing tips. Cristopher
Almendares'*, Jorge Romero!, Justin Dunavant!, Diego
Ventura Urbina!, Josue Cerritos!, Alexandra Caballero!,
Hilary Carrera!, Hector Fajardo Menjivar', Ileana Berganza!,
Juan Barberena!, Luis Guzman', Francisco Castilblanco’,
Eric Altom?, Jessica Starkey!, Charles Starkey', 'Auburn
University, Auburn, Alabama, United States, *Balchem Corp.,
New Hampton, New York, United States.

Poultry processing generates co-products with reduced
commercial value. Wing tips (WT) are the most distal
portion of the wing. Forming agents are often used in
ground meat-containing products to provide structure.
ALGIN is the combination of sodium alginate (SA) and
encapsulated calcium lactate (ECL). Characteristics, such as
texture, can determine the quality of a meat product. The
objective was to evaluate the effect of different ALGIN
inclusions and slice thickness on texture profile analysis
(TPA) of raw pet treats. Previously frozen WT were ground
through a 4.8-mm diameter grinder plate and mixed with 1
of 4 different ALGIN inclusions: 0X (no ALGIN inclusion),
0.5X (0.425% ECL + 0.50% SA), 1X (0.85% ECL + 1.00%
SA; manufacturer’s recommended inclusion), and 2X
(1.70% ECL + 2.00% SA). After mixing, each treatment
was extruded into 63.5-mm diameter casings, covered with
plastic wrap, refrigerated at 4 °C for 12 h, and frozen at -20
°C for 3 h prior slicing. Chubs were cut into 5 and 10-mm-
thick slices for texture analysis. Hardness (maximum force
required to deform), adhesiveness (adhesion of sample to
the probe), resilience (ability of sample to regain original
form), cohesiveness (represents structural integrity under
compression), springiness (height the food recovers
between compressions), and chewiness (energy required to
masticate) were measured on 10 samples per treatment
using a TA-30-cylinder probe and 2-cycle compression.
Data were analyzed as a 2-way ANOVA using the
GLIMMIX procedure of SAS and least square means were
separated using the PDIFF option at P < 0.05. No ALGIN x
slice thickness interactions were observed (P > 0.0924). As
ALGIN inclusion increased from 0X to 1X, raw treats
required greater force to be deformed (hardness; P =
0.0006). Neither ALGIN or slice thickness affected raw
treat adhesiveness or resilience (P > 0.0556). Raw treats
with 0.5X ALGIN exhibited the greatest structural integrity
under compression (cohesiveness; P = 0.0336). Raw
samples containing 0.5X and 2X ALGIN recovered more



height between compressions (springiness; P = 0.0208) and
required more energy to masticate (chewiness; P < 0.0001)
compared with those containing 0X and 1X ALGIN. Raw
treats cut to 10-mm had greater cohesiveness, springiness,
and chewiness but lower hardness values compared with
those cut to 5S-mm-thick (P < 0.0001). In conclusion, slice
thickness did not interact with ALGIN inclusion to alter
TPA characteristics of raw pet treats derived from upcycled
broiler WT. Further investigation will be required to
understand the impact of these changes in raw treat TPA
characteristics on pet and pet owner acceptance and
purchasing decisions.

Key Words: textural characteristics; pet treats; sodium
alginate; encapsulated calcium lactate; wing tip upcycling

32 Effect of slice thickness and forming agent
inclusion on textural characteristics of raw pet treats
derived from broiler wing tips. Hilary Carrera'*, Jorge
Romero!, Justin Dunavant', Diego Ventura Urbina!, Josue
Cerritos', Alexandra Caballero', Cristopher Almendares’,
Hector Fajardo Menjivar', lleana Berganza!', Juan Barberena',
Luis Guzman', Francisco Castilblanco!, Eric Altom?,
Jessica Starkey!, Charles Starkey!, ‘Auburn University,
Auburn, Alabama, United States, *Balchem Corp., New
Hampton, New York, United States.

The broiler chicken industry generates many low-value co-
products. Chicken wing tips (WT) are the most distal
section of the wing and are not commonly desirable for
human consumption. Broiler processing co-products, such
as WT, may be upcycled by the pet food industry as they
may be useful in the design of pet treats. The gelling of meat
products can be improved by inclusion of a structure agent
forming ALGIN, which is the combination of sodium
alginate (SA) and encapsulated calcium lactate (ECL). The
objective of the experiment was to evaluate the effect of
different ALGIN inclusions and slice thickness on textural
characteristics of raw pet treats. Previously frozen, WT
were ground through a 4.8-mm grinder plate and mixed with
1 of 4 different ALGIN inclusions: 0X (no ALGIN
inclusion), 0.5X (0.425% ECL + 0.50% SA), 1X (0.85%
ECL + 1.00% SA; manufacturer’s recommended inclusion),
and 2X (2.00% ECL + 1.70% SA). After mixing, product
was extruded into 63.5-mm-diameter casings, wrapped in
plastic wrap, refrigerated at 4 °C for 12 h, and frozen at -20
°C for 3 h prior to slicing. Chubs were sliced into 5 and 10-
mm thick slices to simulate commercially available
products. The 3-point-bend (3PB) and shear force tests were
conducted on samples (n = 10 samples per treatment per
analysis) using a TA-HDplusC texture analyzer with a TA-
43R and TA-42 probe, respectively. The 3PB test assesses
hardness (force to break), flexibility (distance to break), and
stiffness (force/distance). Shear force evaluates firmness
(peak force to break) and toughness (total force over
distance). Data were analyzed as a 2-way ANOVA using the
GLIMMIX procedure of SAS with mean separation at P <
0.05 using the PDIFF option. Raw 5-mm-thick treats with
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0X ALGIN were the stiffest compared with those from all
other treatments (P = 0.003). No ALGIN x slice thickness
interaction was observed for hardness, flexibility, and
firmness (P> 0.0517). Raw treats sliced to 10-mm were
able to bend further before breaking (P < 0.0001) and treats
with 0X ALGIN were the least flexible (P < 0.0001).
Thinner raw slices (5-mm-thick) were firmer (P = 0.0417),
but similar in hardness (P = 0.3305) compared with 10-mm-
thick slices. Finally, 10-mm-thick raw treats containing 2X
ALGIN were the toughest when compared to all other
treatments (P = 0.0011). In conclusion, ALGIN inclusion
and treat slice thickness both impacted textural
characteristics of raw WT-derived pet treats. Though, it is
unclear how these alterations will impact pet and pet owner
acceptability and buying decisions.

Key Words: hydrocolloids; broiler chicken processing;
texture analysis; pet treats; wing tip

33  Effect of forming agent inclusion and slice
thickness on textural characteristics of dehydrated pet
treats derived from broiler chicken wing tips. Ileana
Berganza'*, Jorge Romero!, Justin Dunavant!, Cristopher
Almendares', Diego Ventura Urbina', Josue Cerritos!,
Alexandra Caballero!, Hector Fajardo Menjivar!, Juan
Barberena!, Hilary Carrera!, Luis Guzman', Francisco
Castilblanco', Eric Altom?, Jessica Starkey', Charles
Starkey!, ‘Auburn University, Auburn, Alabama, United
States, ’Balchem Corp., New Hampton, New York, United
States.

Broiler chicken processing results in the generation of
various low-value co-products that are high quality protein
sources. Chicken wing tips (WT) are the most distal part of
the wing and may be useful in the design of pet treats to
improve value. Addition of structure forming technologies
such as ALGIN which is composed of sodium alginate
(SA) and encapsulated calcium lactate (ECL) can aid in
structural stability of meat products. The objective of this
study was to assess the effect of different ALGIN inclusions
on textural characteristics of dehydrated WT derived pet
treats cut to 1 of 2 different commercially available
thicknesses. Previously frozen WT were ground with a 4.8-
mm diameter grinder plate. ALGIN was added and mixed
with ground WT at | of 4 concentrations: 0.5X (0.50% SL
+ 0.425% ECL), 1X (1.00% SL + 0.85% ECL), and 2X
(2.00% SL + 1.70% ECL) the manufacturer’s recommended
inclusion plus a control group with no ALGIN inclusion
(0X). Product was then extruded into 63.5-mm diameter
casings, wrapped with plastic film, refrigerated at 4°C for
12 h, and frozen at -20°C for 3 h prior to slicing. Chubs were
sliced into 5 and 10-mm-thick discs, dehydrated at 93.3 °C
until an internal temperature of 73.8 °C was reached, and
then at 65.6 °C until the samples reached 0.8 aW (n = 10
samples from each treatment per analysis). A TA-43R probe
on a TA-HDplusC texture analyzer was used for the 3-point
bend test to assess: hardness (force to break), flexibility
(distance to break), and stiffness (force over distance), while



a TA-42 probe was used for the shear force test to evaluate
firmness (peak force) and toughness (total force over
distance). Data were analyzed as a 2-way ANOV A using the
GLIMMIX procedure of SAS with mean separation at P <
0.05. Flexibility and firmness values of 5-mm-thick treats
were lower compared with 10-mm-thick treats without
ALGIN (P = 0.0034) but treats with 2X ALGIN had similar
flexibility among thickness. Ten-mm-thick treats with 0.5X,
1X, and 2X ALGIN inclusion were the stiffest among all
samples (P = 0.0005). No ALGIN x slice thickness
interaction was observed for toughness (P = 0.1068).
However, 10-mm treats were tougher than 5-mm treats (P <
0.0001) and treats with 2X ALGIN inclusion required the
greatest force over the distance to slice the sample (P <
0.0001). Force required to break 10-mm treats with 2X
ALGIN inclusion was greater compared with 5-mm treats
with 0.5X, 1X, and 2X ALGIN (P < 0.0001). Increasing
ALGIN inclusion above 1X and slice thickness to 10-mm
produced less flexible, tougher, and harder WT-derived pet
treats, though it is unclear how this might affect pet owner
buying decisions.

Key Words: alginate; texture analysis; broiler processing
co-products; chicken wing tips

34 Comparison of textural profile analysis of raw pet
treats manufactured with wing tips and structure
forming technology with increasing degrees of probe
strain. Said Herrera'*, Jorge Romero!, Justin Dunavant!, J.
Wesley Rogers!, Diego Ventura Urbina!, Haisten Smith!,
Joshua Renew!, Jorge Banegas!, Hilary Carrera!, Cristopher
Almendares', Luis Guzman!', Clauber Polese!, Alexandra
Caballero!, Eric Altom?, Jessica Starkey!, Charles Starkey!,
Auburn  University, Auburn, Alabama, United States,
’Balchem Corp., New Hampton, New York, United States.

Broiler chicken wing tips (WT) are broiler processing co-
products that are often undervalued and used for proposes
others than human consumption like being incorporated into
pet food. Structuring forming agents have the potential to
transform WT into pet treats. Textural characteristics of pet
treats may influence a purchasing decision. The objective
was to compare texture profile analysis (TPA) of raw pet
treats generated from WT blends with a structure forming
agent inclusion (ALGIN = sodium alginate (SA) and
encapsulated calcium lactate (ECL)) using 1 of 3 different
degrees of probe strain: 20, 35, or 50% compression relative
to the treat's original thickness. Previously frozen WT were
ground through a 4.8-mm grinder plate and mixed with
either ALGIN (2.0% SA + 1.70% ECL) or without ALGIN
to produce treats with different texture profiles. Mixtures
were extruded into 63.5-mm-diameter casings, stored
overnight at 4 °C, frozen at -20 °C for 3 h to allow gelation
and facilitate slicing into 5-mm-thick discs for TPA to
simulate commercially available products. Thirty samples
per treatment per probe strain setting were evaluated using
a TA-HDplusC texture analyzer with 2-cycle compression
to obtain values for hardness (maximum force required to
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deform), adhesiveness (force to separate from probe),
resilience (ability of sample to regain original form),
cohesiveness (structural integrity under compression),
springiness (proportion of height the sample recovers after
mastication), and chewiness (energy required to masticate).
Data were analyzed as a 2-way ANOVA with the
GLIMMIX procedure of SAS and means were separated at
P <0.05 using the PDIFF option. An ALGIN X probe strain
interaction was observed for all variables measured (P <
0.0046). Hardness increased as probe strain and ALGIN
increased (P = 0.0005). The adhesion of the sample to the
probe decreased with ALGIN inclusion when probe strain
was 35 and 50% of the original sample thickness (P <
0.0001). Treat resilience increased with ALGIN inclusion
and when raw treats were compressed 20 and 35% of their
original thickness (P = 0.0046). As expected, the hardness,
resilience, cohesiveness, springiness, and chewiness of raw
treats derived from WT increased with ALGIN inclusion (P
< 0.0001). Differences in adhesiveness (P = 0.0561) and
resilience (P = 0.1859) among treats with and without
ALGIN were not detected with probe strain settings of 20%
and 50%, respectively. Therefore, based on the ability to
detect differences in all TPA textural characteristics among
treats with different ALGIN inclusions, using a probe strain
setting of 35% for TPA appears to be most appropriate for
raw, bone-in, WT-derived pet treats.

Key Words: textural characteristics; sodium alginate;
Encapsulated calcium lactate; chicken wing tips, pet treats

35 Effect of structure forming agent concentration
and thickness of raw pet treats derived from broiler
chicken wing tips on instrumental color over time post-
production. Hector Fajardo Menjivar'*, Cristopher
Almendares!, Justin Dunavant!, Jorge Romero', J. Wesley
Rogers!, Marc Presume', Said Herrera!, Joshua Renew!,
Jorge Banegas', Gerardo Abascal-Ponciano', Diego Ventura
Urbina', Luis Guzman', Tristan Reyes', Madison Wagoner!,
Robert Mason?, Eric Altom?, Jason Sawyer!, Jessica
Starkey!, Charles Starkey?, ‘Auburn University, Auburn,
Alabama, United States, >Balchem Corp., New Hampton, New
York, United States.

Broiler chicken wing tips (WT) are a low-value broiler
processing co-product with potential for conversion into pet
treats. Pet owner purchasing decisions can be influenced by
product color and changes in color post-production. The
objective was to evaluate instrumental color over time of pet
treats generated from raw, ground WT containing different
inclusions of a structure forming agent (ALGIN) composed
of sodium alginate (SA) and encapsulated calcium lactate
(ECL) and being sliced at 2 different commercially
available thicknesses. Previously frozen, chicken WT were
ground through a 4.8-mm grinder plate and mixed with 1 of
4 ALGIN concentrations: a control (0X) without
ALGIN, 0.5X (0.5% SA and 0.425 ECL), 1X (1% SA and
0.85% ECL; manufacturer’s recommended inclusion),
and 2X (2% SA and 1.70% ECL). Product was extruded



into 63.5-mm-diameter casings, stored overnight at 4 °C,
and frozen at -20 °C prior to slicing into either 5 or 10-mm-
thick samples. A Hunter Lab Miniscan XE Plus colorimeter
was used on a white background to measure surface color
(CIE L* (lightness), a* (redness), b* (yellowness)) in
triplicate on each treat (n = 10 samples per treatment) after
0, 3, 5, and 7 d of storage post-slicing at 4 °C. Data were
analyzed as a 3-way ANOVA with the GLIMMIX
procedure of SAS and means were separated at P < 0.05
using PDIFF. Regardless of ALGIN inclusion or slice
thickness, raw treats were lighter on d 7 compared with d 0,
3, and 5 post-production (P < 0.0001). On d 7, raw treats
sliced to 10-mm containing 0X and 0.5X ALGIN had the
highest L* values, whereas on d 0, 10-mm-thick treats
containing 1X and 2X ALGIN had the lowest L* values
(P < 0.0001). Regardless of ALGIN inclusion or slice
thickness, raw treats had greater a* values on d 0 than on d
3,5,and 7 (P <0.0001). Treats sliced to 10-mm containing
1X and 2X ALGIN had the highest a* values (P < 0.0001).
After d 0, regardless of ALGIN inclusion or slice thickness,
b* values decreased except for 10-mm-thick treats without
ALGIN (P < 0.0001). Regardless of ALGIN inclusion or
slice thickness, raw treat b* values increased on d 7 except
for 5 and 10-mm-thick treats containing 2X ALGIN (P <
0.0001). In conclusion, the instrumental color of raw, WT-
derived, pet treats was differentially affected by ALGIN
inclusion, slice thickness, and refrigerated storage time
post-production. However, it is unclear how this may
influence pet owner buying preferences or if the pet owner
can visually detect the differences in color observed in this
study with WT-derived raw pet treats.

Key Words: broiler chicken processing; pet treats; color
variation post-production; instrumental color; structure
forming technology

36 Evaluation of stress hormone indicators in broiler
chickens stunned by either electrical or controlled
atmosphere stunning methods under commercial
conditions. Montana Riggs'*, Ruediger Hauck!, Bethany
Baker-Cook!, Rachel Osborne!', Amrit Pal!, Maria Tereza
Bethonico Terra!, Gracie Sims!, Andrea Urrutia!, Leticia
Orellana Galindo!, Marco Reina Antillon', Dianna Bourassa',
TAuburn University, Auburn, Alabama, United States.

Increased consumer concern of animal welfare has led some
poultry producers to alter their stunning methods from
electrical to controlled atmosphere stunning. Controlled
atmosphere stunning has been suggested to be more humane
than electrical stunning, which should lead to a lower level
of hormonal indicators of a stress response. The objective
of this study was to assess the impact of electrical stunning
(ES) or controlled atmosphere stunning (CAS) on the levels
of physiological stress hormones of broilers at a commercial
facility . Broilers were processes at a body weight averaging
2.04 kg per bird. Blood was collected from 30 broilers (15
ES, 15 CAS) at lairage, 60 broilers (30 ES and 30 CAS)
immediately pre-stun and 60 broilers (30 ES and 30 CAS)
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post-stun. For pre-stun, each bird was removed from the
process immediately prior to entering the waterbath or
stunning chamber. Post-stun broilers were removed from
the process within 15 s following stunner exit. Blood was
collected for each bird immediately upon removal from the
process. Corticosterone (CORT), adrenocorticotropic
hormone (ACTH), epinephrine (EPI), and norepinephrine
(NORE) were measured by ELISA. Data were analyzed
using generalized linear models with a significance at P <
0.05. Means were separated by Tukey’s HSD. CORT
concentrations (pg/mL) were not changed over time for
either ES (73 at lairage, 84 pre-stun, 63 post-stun,
P=0.1607) or CAS (66 at lairage, 51 pre-stun, 51 post-stun,
P=0.2113). ACTH concentrations (ng/mL) were not
changed over time for either ES (719 at lairage, 538 pre-
stun, 613 post-stun, P=0.1240) or CAS (176 at lairage, 127
pre-stun, 109 post-stun, P=0.0556) EPI concentrations
(pg/mL) for ES post-stun (1.55) were higher than
immediately pre-stun (1.09), but not different than at lairage
(1.28, P=0.0317). For CAS broilers EPI concentrations
were not different over time (2.04 at lairage, 1.98 pre-stun,
1.88 post-stun, P=0.5262). NORE concentrations (pg/mL)
were not changed over time for either ES (20.50 at lairage,
25.57 pre-stun, 25.60 post-stun, P=0.7976) or CAS (24.10
at lairage, 21.92 pre-stun, 17.10 post-stun, P=0.1686).
These results indicate that stunning broilers using either ES
or CAS in a commercial facility does not lead to increases
in CORT, ACTH, EPI, or NORE. Based on the blood
hormone indicators that were measured, both ES and CAS
were equally acceptable.

Key Words: corticosterone;  poultry;
adrenocorticotropic hormone; epinephrine

stunning;

37  Rate of blood loss and total blood loss varies in
broilers based on exsanguination method. Rachel
Osborne'*, Caitlin Harris', R. Buhr?, Brian Kiepper,
!University of Georgia, Athens, Georgia, United States,
2USDA ARS, Athens, Georgia, United States.

With over 9 billion broilers processed each year in the U.S.,
blood is a significant and valuable by-product of poultry
processing. Yet, there is relatively little research into the
effect of exsanguination method on overall blood loss and
blood loss rate, particularly on modern high breast meat
yield broilers. It has been assumed that decapitation may
result in a less effective bleed-out than conventional neck-
bleed cuts. However, there are no definitive studies
available examining this issue with modern-day, feed
withdrawn broilers. Without access to accurate bleed-out
data, processors may have difficulty deciding on an
appropriate bleed-out time and corresponding blood
collection tunnel length. The aim of this study was to
determine percentage of blood loss and rate of blood loss
for 4 exsanguination methods. To accomplish this, 4 trials
were conducted using male broilers at 51d (N=88; BW
3896g), 45d (N=96; BW 3923¢), 44d (N=88; BW 3681g),
and 36d (N=80; BW 2480g) of age. Broilers underwent an



8-hour feed withdrawal before being shackled, then
electrically stunned (25V pulsed DC for 15s, mouth to vent)
and randomly assigned to be exsanguinated in one of 4
ways: neck cut (carotid artery and jugular vein) on one side
(1S), neck cut on both sides (2S), decapitated at the base of
the head (DH), or decapitated at the base of the neck (DN)
using a hand-held knife. Post exsanguination, BW were
recorded at 15s intervals until 3 minutes had elapsed. Rate
of blood loss and percentage total blood loss were calculated
based on BW loss, and data were analyzed by ANOVA in
SAS JMP using Student's t-test for means separation. 1S
treatment consistently resulted in the highest percentage
total blood loss across all trials (3.01%, 51d; 3.80%, 45d;
3.44%, 44d; 3.89%, 36d), while DN resulted in the lowest
percentage total blood loss in all trials (2.69%, 51d; 3.47%,
45d; and 3.53%, 36d), except for birds 44d of age (2.99%).
As bird age and BW increased, blood lost as a percentage
BW over 180s tended to decrease. Regardless of bird age,
the highest rate of blood loss occurred in the first 15s after
exsanguination and significant differences in blood loss rate
were greatly reduced after 75s of bleed-out time. 1S had a
significantly lower rate of blood loss in the first 15s in birds
51d of age (P<0.0001), 45d of age (P=0.0011), and 36d of
age (P<0.0001). 73% (51d) to 77% (44d) of all blood lost
during bleed-out occurred in the first 30s. After 90s, only
5% (36d) to 7% (51d) of total blood loss was recorded. This
indicates that while overall blood loss may vary based on
exsanguination method, a sufficient bleed-out can be
achieved within 90s (current industry standard) regardless
of broiler age or BW.

Key Words: poultry processing; poultry by-products; blood
loss; exsanguination; bleed-out time;

38 Performance and processing characteristics of
male Ross 708 broilers supplemented
with guanidinoacetic acid. Clay Maynard'*, David
Nelson?, Samuel Rochell', Casey Owens', 'University of
Arkansas, Fayetteville, Arkansas, United States, *Alzchem,
LLC, Trostberg, Germany.

Performance advantages have been noted in meat animal
production when excess creatine is supplied in the diet. In
the current experiment, 750 male day of hatch Ross 708
broilers were placed 25 per pen and reared for 56 days over
10 replicate pens per treatment. Dietary treatments were
established using a control basal diet fed over four feeding
phases with 1.32,1.21, 1.10, and 1.06% digestible lysine for
each phase, respectively. Treatments 1 and 2 were then
allocated as an additional supplementation of 0.06% (T1)
and 0.12% (T») guanidinoacetic acid (GAA) in the form of
CreAMINO (Alzchem Group, Trostberg, Germany). Bi-
weekly BW, BWG, FI, and mortality corrected FCR were
calculated throughout the duration of the growing phase.
Eighteen birds per pen were processed and cut up into
boneless breast and tender, wing, and whole leg parts to
calculate yields. Breast and tenders were assessed for
myopathies including woody breast, white striping, woody-
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like tender, and tender feathering (fraying of the Pectoralis
minor). Data were analyzed as a one-way ANOVA testing
the main effect of GAA supplementation. For the overall
growout period, broilers fed either T; or T» consumed less
feed than the control diet (lower feed intake; P < 0.05).
Treatment 1 and 2 improved FCR (P < 0.05) when
compared to the control diet at 55d. No differences (P >
0.05) were observed for BW or BWG throughout the
growout period. At day of processing, control broilers
expressed heavier live weights than Ty and T (P < 0.05;
4808g vs 4684g and 4657g, respectively), but no differences
were observed in yields (P > 0.05). For woody breast and
woody-like tender, the control produced a higher degree of
severity (P <0.05) when compared to T». For white striping,
the control and T; expressed a higher severity (P < 0.05)
over that observed in T». No differences were observed in
tender feathering (P > 0.05). The results of this experiment
indicate that GAA supplementation in broiler diets may be
an effective tool for improving meat quality by reducing
myopathy severity, without negatively affecting growth
performance.

Key Words: broiler; guanidinoacetic acid; performance;
white striping; woody breast

39 Effect of Dietary Micro Algae Supplementation
on Broiler Chicken Carcass and Meat Quality. Jasmine
Moallem'*, California Polytechnic State University-San
Luis Obispo, San Luis Obispo, California, United States.

The study was performed to evaluate the effect of dietary
microalgae on broiler feeding for carcass weight and meat
quality. A total of 360 chicks were randomly allocated to 24
floor pens (15 birds/pen, 8 pens /treatment) and fed up to 58
days with one of three dietary treatments of 0% (control),
2.5%, and 5% microalgae (Uronema spp.) meals. Dietary
treatments were prepared with isonitrogenous and
isoenergetic practices for the corn-SBM diet and the three
microalgae (Uronema sp.) diets. On day 59, 24 chickens
were randomly selected from 24 pens (one chicken/pen) and
conventionally processed. After chilling, breast fillets were
harvested to measure pH, sarcomere length, and meat
tenderness using the method of the Meullenet Owens Razor
Shear (MORS). Instrumental color (L*, a*, and b*) on
broiler breasts was measured with/without skin. The
experiment was completely randomized, and all data were
analyzed using the PROC MIXED procedure of SAS.
Broilers treated with 5% algae showed heavier carcass
weight than control (P < 0.05). Algae supplement level did
not affect carcass chilling yield, meat pH, and cooking yield
(P >0.05). However, breast fillets from the broilers with 5%
algae had lower shear than those of control and 2.5 % algae
(P < 0.05), with no sarcomere length difference regardless
of treatment. A stepwise increase of yellowness was found
in the breast muscles from 0% to 5% algae although no
difference was observed for lightness and redness regardless
of skin presence. Based on these results, feeding broiler
chickens with 5% algae may result in positive effects on



broiler live weight, carcass weight, and meat tenderness
with no other meat quality loss.

Key Words: Carcass quality; Algae feeding; Broiler
processing; Carcass color; Meat tenderness

40  Reducing processing metric variation for
nutrition research. Caleb Marshall'*, Nickki Tillman?,
Kelley Wamsley!, ‘Mississippi State University, Mississippi
State, Mississippi, United States, *Nutritional Statistics LLC,
Buford, Georgia, United States.

Experimental designs are carefully considered to control for
variables outside of the scope of a given study; however, the
focus to reduce variation for nutrition research is often given
to live performance metrics before processing metrics.
Nutrition research notoriously relies on being able to
determine small differences between dietary treatments
(TRT) effects, which can be masked by variation. Since
processing data are a vital component to determine if certain
nutrition interventions that add costs to the overall diet are
worth the investment, the objective of the current study was
to evaluate processing personnel (PP) variation and use PP
as a covariant for analysis of nutrition TRT effect from 3
nutrition experiments (EXP) on processing cut-up metrics
(EXP 1, 2- 6 PP; EXP 3- 5 PP). All EXP utilized Ross x
Ross 708 male broilers and processed 5 birds/pen of average
weight (£100g or closest to that); 5 birds/pen were chosen
as it is a common number for nutrition research. Processing
and cut-up occurred for each EXP (1- d 43, n=320; 2- d 57,
n=320; 3- d 56, n=240). Tagged carcasses were randomly
assigned to PP, and each PP was assigned a basket color;
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parts (with tag) were placed in corresponding baskets for
both part weights and PP to be recorded for each carcass.
The same PP were utilized for each EXP. Data from each
EXP were analyzed using Proc MIXED, with and without
PP as a covariant; significant differences (P<0.05) were
separated using Tukey HSD. For all EXP, PP influenced
each processing variable (P<0.05) except for EXP 3,
whereas PP had no effect on drum weight (WT) and drum
yield (YD; P>0.05). In EXP 1, before utilizing PP, drum
WT and YD, and leg WT were significantly affected by
TRT (P<0.05). Accounting for PP as a covariant maintained
the significance for drum WT and YD and leg WT and led
to the significance of wing WT and leg YD (P<0.05). In
EXP 2, none of the processing metrics were found to be
significant due to TRT effect (P>0.05). Utilizing PP as a
covariant, reduced P-values obtained for breast, total breast,
and wing (WT and YD), but did not result in significant
TRT differences. In EXP 3, breast WT and YD, total breast
WT, drum YD, and leg YD were found to be significantly
affected by TRT (P<0.05). When PP was applied as a
covariant, P-values for these variables decreased further,
with the exception of leg YD, whereas the TRT effect was
reduced (P>0.05). Notably, use of PP also resulted in a TRT
effect for total breast YD (P<0.05). These data demonstrate
that use of PP as a covariant can help reduce variation,
especially in parts that are highly variable due to cutting
technique (i.e., breast, wings), thereby more accurately
representing the TRT effect on processing variables.

Key Words: processing; yield; statistical analysis; nutrition
research; covariant
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41 The effects of possible alternative treatments
against Ascaridia galli on nutrient digestibility in
infected laying hens. Maria Tereza Bethonico Terra'*,
Joseph Gulizia!, Patricia Carvalho!, Leopoldo Almeida?, Jose
Hernandez!, Sureerat Thuekeaw?, Brigid McCrea!, Wilmer
Pacheco!, Ruediger Hauck!, ‘Auburn University, Auburn,
Alabama, United States, 2UFPR, Curitiba, Paranad, Brazil,
3Chulalongkorn University, Pathumwan District, Bangkok,
Thailand.

Prevalence of endoparasites is higher in alternative poultry
rearing systems than conventional, especially of nematodes
such as Ascaridia galli. Infections with 4. galli can depress
egg production in laying hens, possible mechanisms are
negative influences on intestinal microbiota, increased
energy use by the immune system, competition with the host
for nutrients, or decreased nutrient digestibility. Natural
products could be an alternative to treat nematodes.
Pumpkin seeds and artemisia have shown efficacy against
worms in other types of hosts. The aim of this study was to
evaluate the influence of an A. galli infection on nutrient
digestibility and to test if these treatments alleviated
negative influences caused from the infection. A total of 72
Day-old layer-type birds were raised on the floor until 12
weeks of age when they were moved to cages. At 16 weeks,
birds were divided into 3 groups: untreated control, treated
with pumpkin seeds (1%) or Artemisia absinthium (0.02%).
At 25 weeks, half of the birds were challenged with 4. galli,
resulting in six subgroups. Fecal exams were conducted
weekly to check for worm eggs. At 34 weeks, titanium
dioxide was added (0.5%) to the feed. At 35 weeks, birds
were cuthanized, and the intestines were checked for
worms. Pools of ileal digesta (n = 4/subgroup) were
collected for evaluation of digestibility of crude protein
(CP) (%), calcium (%), phosphorus (%) and apparent ileal
digestible energy (AIDE, kcal/kg). Data was tested by a
two-way ANOVA. Means were compared using Tukey
HSD. Differences were considered significant if p < 0.05.
Birds started shedding worm eggs on week 4 and 5 post-
infection (P.I.). There were numerically differences
between groups and birds treated with artemisia had the
highest average number of eggs per gram with 596 eggs per
gram (epg), followed by pumpkin seed-treated birds with
521 epg and the controls with 364 epg. There were no
differences between groups for the average worm count. On
the other hand, for all nutrients, the apparent ileal
digestibility was significantly lower in birds challenged
with 4. galli when compared to the unchallenged birds. An
interaction effect between challenge status and different
treatments was also observed for the digestibility of CP,
calcium, and AIDE. Regarding the different treatments,
challenged birds fed with the control had lower calcium
digestibility than birds fed with either pumpkin seeds or
artemisia (p < 0.05). Our findings suggest that 4. galli can
reduce the digestibility of nutrients and the use of pumpkin
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seeds and artemisia might contribute to reduction of
negative effects even though an impact on worm egg
shedding and worm count was not observed.

Key Words: Digestibility; Laying hens; Roundworms;
Artemisia absinthium; Pumpkin seeds

42 Antimicrobial and immunomodulatory effects of
tannic acid supplementation in broilers infected
with Salmonella Typhimurium. Janghan Choi'*, Brett
Marshall!, Hanseco Ko!, Hanyi Shi!, Amit Singh!,
Harshavardhan Thippareddi!, Steven Hollday!, Robert
Gogal', Woo Kim!, 'University of Georgia, Athens, Georgia.

Infection by Salmonella Typhimurium, a food-borne
pathogen, can reduce the poultry production efficiency. The
objective of this study was to investigate the effects of
tannic acid (TA) supplementation on  growth
performance, Salmonella colonization, gut barrier integrity,
serum endotoxin levels, antioxidant capacity, gut health,
and immune function in broilers infected with
the Salmonella enterica serovar Typhimurium nalidixic
acid resistant strain (ST™R). A total of 546 one-day-old
broilers were arbitrarily allocated into 6 treatments
including 1) Sham-challenged control (SCC; birds fed a
basal diet and administrated peptone water); 2) Challenged
control (CC; birds fed a basal diet and inoculated with
108 STN®); 3) Tannic acid 0.25 (TA0.25; CC + 0.25 g/kg
TA); 4) TA0.5 (CC + 0.5 g/kg TA); 5) TA1 (CC + 1 g/kg
TA); and 6) TA2 (CC + 2 g/kg TA). On D 7, supplemental
TA linearly reduced ST™® colonization in the ceca (P <
0.01). On D 7 to 21, average daily gain tended to be linearly
increased due to supplemental TA (P = 0.1). The serum
endotoxin levels were quadratically decreased due to
supplemental TA on D 21 (P < 0.05). Supplemental TA
quadratically increased ileal villus height (VH; P < 0.05),
and the TA0.25 group had higher ileal VH compared to the
CC group (P < 0.05). Supplemental TA linearly increased
percentage of peripheral blood CD8" T cells on D 18 (P <
0.01). The TAO.5 group had significantly lower lymphocyte
numbers compared to the CC groups (P < 0.05). The
abundance of monocytes linearly increased with TA
supplementation (P < 0.01). Broilers supplemented with TA
had reduced ST™Rcolonization, increased growth
performance, decreased serum endotoxin levels, enhanced
gut health in the broilers, and stimulated the immune system
in broilers infected with STNR,

Key Words: broilers; immunity; Salmonella Typhimurium;
Tannic acid; Antimicrobials

43  Effects of synbiotic supplementation as an
antibiotic = growth  promoter replacement on
cecal Campylobacter jejuniload in broilers challenged
with C. jejuni. Emily Cason'*, Walid Al Hakeem', Daniel
Adams!, Revathi Shanmugasundaram?, Ramesh Selvaraj',



!University of Georgia, Athens, Georgia, United States,
2USDA, Athens, Georgia, United States.

Synbiotic supplementation alters the gut microbiota to
increase beneficial bacteria and decrease pathogenic
bacteria. Synbiotics can improve production performance,
decrease cecal Campylobacter jejuni load and colonization,
and improve modifying immunological responses and can
be used as an alternative to antibiotic growth promoters in
poultry production. This study aimed to determine the
effects of synbiotic supplementation as an antibiotic
replacement in broilers challenged with C. jejuni. A total of
336 day old broiler chicks were distributed into four
treatment groups: Control, Synbiotic, Antibiotic +
Challenge, and Synbiotic + Challenge. There were six
replicate pens per treatment, with 14 birds per pen. At 21
days of age, birds were orally inoculated with PBS or 1 X
108 CFU/bird of C. jejuni. Antibiotics (Virginiamycin) and
synbiotics (Poultrystar, DSM) were supplemented in feed at
20 mg/kg and 20 g/1000 birds/day respectively. Feed intake
and body weight were measured weekly. On 3, 7, and 14
dpi, gut permeability was measured by FITC-dextran
assay, C. jejuni loads in cecal content, ileal tissue, and livers
were quantified by plating, splenocyte nitric oxide
production was quantified using Ricca reagent, and cecal
tonsil CD4":CD8"and CD4":CD25" percentage were
measured by flow cytometry. Data were statistically
analyzed using JMP Pro 15, by One Way ANOVA,
followed by Tukey’s test, non-parametric Kruskal-Wallis
test, and by Dunn’s test, when appropriate. There were no
significant differences (P > 0.05) in BWG, FCR, or gut
permeability between the treatment groups at the time
points studied between any of the treatment groups. At 7 and
14 dpi, birds in the Synbiotic + Challenge group had 0.70
and 0.67 logio decrease (P < 0.05) in cecal C. jejuni load
compared to the Antibiotic + Challenge groups. At 7 dpi,
cecal tonsil CD4":CD8" was significantly higher (P < 0.05)
in the Synbiotic + Challenge and Antibiotic + Challenge
groups by 0.19 and 0.29 points than in the Synbiotic and
Control groups, respectively. At 3 dpi, cecal tonsil
CD4":CD25" was significantly higher (P < 0.05) in the
Synbiotic + Challenge than in the Synbiotic group by 7.16
points. It can be concluded that synbiotic supplementation
decreases C. jejuni loads in broilers compared to antibiotic
supplementation and synbiotics can be applied to replace
antibiotics during C. jejuni infections of poultry.

Key Words: Campylobacter jejuni; Broiler; Antibiotic;
Immunology; Synbiotic

44 Effect of different doses of Salmonella Reading on
mRNA abundance of immune response related genes in
turkey poults. Davis Fenster'*, Candice Blue', Laney
Froebel!, Rami Dalloul!, 'University of Georgia, Athens,
Georgia, United States.

Recent outbreaks of salmonellosis linked to poultry meat
and meat products are of serious concern regarding the
potential risk of foodborne illnesses. Sa/monella Reading
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has recently emerged in turkey production as a major cause
of foodborne outbreaks associated with turkey meat and
meat products. The main objective of this study was to
determine the effect of different doses of S. Reading on
mRNA abundance of immune response related genes in
turkey poults. Day (d)-old male Nicholas poults (n=487)
were weighed and separated into four groups (n=112/group)
based on the S. Reading inoculation dose: (1) 1x102, (2)
1x10%, (3) 1x10°, or (4) 1x10%. Additional poults (n=39)
were assigned to a control group and did not receive S.
Reading. Each treatment group had four replicate pens
(n=28/pen). On d 7, poults in the treatment groups were
orally gavaged with novobiocin- and nalidixic acid-
resistant S. Reading. Poults in the control group were orally
gavaged with sterile PBS. On d 9 and d 21, spleen and cecal
tonsil samples were collected from four birds per treatment
to measure mRNA abundance of interleukin (IL)-1p, IL-10,
interferon (IFN)-y, inducible nitric oxide synthase (iNOS),
and Toll-like receptors (TLR)-2A, TLR-2B, TLR-4, TLR-
5, and TLR-15. Data were analyzed using ANOVA
procedure of JMP (Pro 16) and significance (P<0.05)
between groups were determined by LSD test. On d 9, group
4 (highest dose) had significantly greater mRNA abundance
of TLR-2A, TLR-5, TLR-15, IL-10, and IFN-y compared to
all other groups, and significantly greater mnRNA abundance
of TLR-4 compared to the control and group 1 in the cecal
tonsils (P<0.05). Additionally, groups 2, 3, and 4 had
significantly greater mRNA abundance of TLR-2B, IL-1p,
and iNOS in the cecal tonsils compared to the control group.
No significant differences (P>0.05) in mRNA abundance
for any of the genes measured were observed in the cecal
tonsils on d 21 or in the spleen on d 9 and d 21. However,
mRNA abundance of TLR-5, TLR-15, IFN-y, and iNOS
was numerically greater for group 1 (lowest dose) in the
spleen on d 21. Overall, increasing doses of S. Reading
differentially affected the mRNA abundance of immune
response genes in the cecal tonsils 2 days post inoculation.
These data indicate that higher doses of S. Reading induced
a stronger initial immune response in turkey poults. The
present findings may be useful in developing targeted
products that enhance specific host immune responses to
mitigate S. Reading prevalence at the flock level, and
ultimately reduce the incidence of foodborne outbreaks
associated with turkey meat products.

Key Words: dose; mRNA; turkey; immunity; Salmonella
Reading

45  Local mRNA expression of cytokines during the
first seven days following the intradermal
administration of autogenous Salmonella vaccines in
previously vaccinated Light-brown Leghorn pullets.
Chrysta Beck'*, Jossie Santamaria!, Marites Sales!, Gisela
Erf', University of Arkansas System, Division of Agriculture,
Fayetteville, Arkansas, United States.

Salmonella vaccines are administered to lower chick
morbidity and prevent human salmonellosis from poultry



products. Few studies have investigated cellular responses
to Salmonella vaccines at the site of administration. Using
the growing feather (GF) pulpin vivo test-system, the
objective was to analyze the mRNA expression of various
cytokines in the GF pulp (a skin derivative) after an
intradermal (i.d) secondary injection
with Salmonella vaccines or vaccine components. Light-
brown Leghorn pullets (14-wk-old) were subcutaneously
injected with autogenous Salmonella vaccines (SV1 or
SV2, proprietary formulations), S. Enteritidis
lipopolysaccharide, or vaccine vehicle for the primary
response. Four weeks later, GF pulps were i.d. injected with
the respective primary treatment to examine local immune
activities in response to the secondary administrations (n=4
pullets/treatment). Injected GFs were collected before (0 d)
andat6h,1d,2d,3d,5d,and 7 d post-GF injection (21
GF/bird) to monitor leukocyte infiltration profiles and
quantify cytokine mRNA expression (IL-1p, IL-6, IFN-y,
IL-12a, TNF-a, IL-8, IL-4, IL-13, IL-17a, IL-10, TGF-B1)
by qRT-PCR. Data were analyzed by two-way ANOVA
(time vs. treatment) with significance established at P <
0.05. Secondary i.d. injection with SV1 or SV2 initiated
leukocyte infiltration profiles dominated by heterophils
followed by macrophages and CD4+ T cells (P < 0.05).
Cytokine mRNA expression revealed that the secondary i.d.
injection with SV1 or SV2 stimulated inflammatory
responses with IL-1B, IL-6, IL-12a, and IL-8 expression
reaching maximal levels by 2 d post-GF injection (P < 0.05).
There were marginally significant (P = 0.10) increases in
anti-inflammatory cytokines expression (IL-10 and TGF-
B1) over time. IFN-y expression (the signature Thl
cytokine) was not influenced by treatment or time (P >
0.05). IL-13 expression (a Th2 cytokine) was elevated in
SV1-injected GFs by 2 d-post injection, whereas IL-17a
expression (a Th17 cytokine) was elevated (P < 0.05) with
both SV1 and SV2 at 6 h-, 2 d-, and 3 d-post injection. In
summary, local immune activities initiated by a secondary
i.d. Salmonella administration included mRNA expression
of pro-inflammatory cytokines accompanied by increased
expression of Th17- and Th2-, but not Th1-cytokines. New
knowledge gained from studies that investigate cellular
responses to killed- as well as live-Salmonella vaccines may
find applications in the development and optimization of
effective Salmonella vaccines in poultry production.

Key Words: Cytokine;
Vaccine; Leukocyte

Salmonella; Inflammation;

46 Immunological profile of broiler chicks infected
with Salmonella Typhimurium. Allison Milby'*?, Yuhua
Farnell!, Dan Zhao!, Luc Berghman!, Craig Lanio?, Melissa
Muller?, Morgan Farnell!, ‘Texas A&M University, College
Station, Texas, United States, *Millipore Sigma, Saint Louis,
Missouri, United States.

Salmonellosis is a zoonotic disease caused by Salmonella
enterica serovars resulting in an estimated 1.4 million cases
of foodborne illness and 400 deaths in the United States
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annually. Poultry infected with Salmonella Typhimurium
(ST) are asymptomatic but can continually shed into the
environment causing cross contamination of carcasses. The
avian immune system responds to Sa/monella colonization
by expression of cytokines, chemokines, and other soluble
factors. We hypothesized that the immune status of ST
challenged chicks would differ from uninfected neonatal
broilers. The objective of this experiment was to evaluate
12 analytes by a commercially available multiplex ELISA
in ST challenged broilers. Day of hatch male broiler chicks
were randomly allocated into two treatment groups (control
and ST). After three days of acclimation, a %2 mL oral
gavage of sterile diluent or 10° cfu/mL of ST was given to
each chick. All chicks were euthanized 24 h post infection.
Blood was obtained immediately after death by cardiac
puncture, and serum separated for later analysis (n = 30
chicks per treatment). Data were analyzed via a Student’s #-
test with significant differences found at p <0.05. Increased
expression of pro-inflammatory cytokines- interleukin-6
(IL-6; p = 0.0025), IL-16 (p= 0.0196), and IL-21 (p=
0.0060); anti-inflammatory  cytokines- 1L-10 (p=
0.0047); chemokines- regulated on activation, normal T-
cell expressed and secreted (RANTES/CCLS; p = 0.0002),
macrophage inflammatory protein-1p  (MIP-18; p =
0.0019), and MIP-3a (p= 0.0050); colony stimulating
factors- macrophage colony-stimulating factor (M-
CSF; p = 0.0239); and growth factors- vascular endothelial
growth factor (VEGF; p = 0.0022) were observed in the
serum of the ST group when compared to the control. No
significant differences were observed in IL-2 (p = 0.1778),
IFNg (p = 0.1316), and IFNa (p = 0.5044). These data
suggest that an innate mucosal immune response to ST
infection in broiler chicks was detected. The increased pro-
inflammatory  cytokines, chemokines, and colony
stimulating factors correspond to inflammatory processes
that have been previously reported with similar studies.
However, upregulation of the anti-inflammatory cytokine
IL-10 was unexpected and seems to contradict the
upregulation of other cytokines observed. We find the
increase in VEGF compelling, as this indicates potential
tissue repair and angiogenesis in birds infected with ST.
These data may continue to improve our understanding of
ST colonization in broiler chickens.

Key Words: cytokine; immune response; Salmonella
Typhimurium; poultry; multiplex immunoassay

47 Bird age did not significantly influence glycolytic
metabolic response of peripheral blood mononuclear
cells isolated from LPS-challenged Leghorn roosters.
Kayla Elmore'*, Elizabeth Bobeck!, ‘lowa State University,
Ames, lowa, United States.

Endotoxins including lipopolysaccharide (LPS) induce
inflammatory responses in poultry. Prior work using
cultured macrophages has reported that LPS tolerance may
reduce glycolytic respiration, but in vivo studies are lacking.
The objectives were to compare baseline and stressed



metabolic phenotypes of isolated peripheral blood
mononuclear cells (PBMCs) from leghorn strains and
identify the fuel preference of cells under stressed
conditions. Four treatments were used under a 2x2 factorial
arrangement with 2 age groups (1 yr or 2.5+ yrs) and 2
challenges (saline or LPS). A total of 20 white leghorn
roosters were randomly assigned treatments and were
inoculated intramuscularly across 4 sites with either saline
(CON) or LPS (Escherichia coli O55:B5, LPS) at 1 mg/kg
BW on dl. Blood was collected at baseline before
inoculation, 6 hr post-inoculation (pi), and 24 hrpi. Cloacal
temperature was recorded at each time point, with
bodyweight recorded at baseline and 24 hrpi. Peripheral
blood mononuclear cells (PBMC) were isolated from whole
blood and Seahorse metabolic analysis was conducted using
Real-Time ATP Rate Assay and Glycolytic Rate Assay kits
(Agilent). The Real-Time ATP Rate Assay measures the
rate of adenosine triphosphate (ATP) production from
mitochondrial oxidative phosphorylation and glycolysis,
while the Glycolytic Rate Assay measures glycolysis
through proton efflux rate quantification. Assays report
oxygen consumption rate (OCR) as a measure of glycolysis
and extracellular acidification rate (ECAR) measuring
mitochondrial respiration. Statistical analysis was
performed using the MIXED procedure with fixed effects
of age followed by Tukey-Kramer adjustment (SAS 9.4,
significance denoted at P < 0.05). Younger birds weighed
0.523 kg more (P<0.0001) before inoculation and had
increased body temperatures at 6hrpi when compared to the
older group (P=0.0285 and P=0.0024, respectively). No
bodyweight or temperature differences were observed at 24
hrpi compared to initial baseline weights. Despite evidence
of a hyperthermic response in the younger group, the
metabolic results show that the effect of treatment (P =
0.8193) nor age (P = 0.1135) did not significantly influence
cellular metabolic preference. Timepoint (baseline, 6, or
24hpi) had a significant effect on response (P < 0.01), as did
challenge within the assay (P < 0.01), showing the PBMC
were able to respond to a challenge within the metabolic
assays. These results suggest that adult birds with previous
exposure to chronic environmental LPS may respond
similarly to an acute LPS challenge despite age differences.

Key Words: immunometabolism; roosters; LPS; Seahorse
metabolic assay

48  Dietary resistant starch prevents post-antibiotic
intestinal impairment by reducing gut dysbiosis and
preventing intestinal inflammation in meat ducks.
Simeng Qin'*, Keying Zhang!, Xuemei Ding', Jianping
Wang!, Shiping Bai', Qiufeng Zeng!, 'Sichuan Agricultural
University, Chengdu, Sichuan, China.

Antibiotic treatment, commonly prescribed for bacterial
infections, depletes and subsequently causes long-term
alterations in intestinal microbiota composition. Knowing
the importance of the microbiome in the regulation of
intestinal barrier, in this study thus was conducted to
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investigate the effect of post-antibiotic treatment on gut
health and the protective effect of resistant starch (RS),
which has been indicated that RS could improve gut
microbiota and alleviate inflammation as a functional
ingredient. 7-d-old ducks (367.3 + 10.38 g) were allocated
to control or antibiotic groups, which was treated with
broad-spectrum antibiotics (ampicillin 1.0 g/L and
neomycin 0.8 g/L) via sterile drinking water. After 7 d,
antibiotic treatment was stopped, and the ducks were treated
for 7 d with the basic diet alone or containing 12% raw
potato starch (RPS) as the resource of RS. At 21 d of age,
one bird per cage was selected and sampled. One-way
analysis of variance followed by Tukey’s post hoc test was
conducted to examine statistical significance. Compared to
control group, the antibiotic treatment did not affect body
weight, ileal length and weight of ducks, whereas it
significantly increased the concentrations of interleukin
(IL)-1pB and interferon (IFN)-y (P =0.071) in serum, as well
as the gene expression of tumor necrosis factor alpha (TVF-
a), [L-1(P= 0.068) and/L-6in ileum. Intestinal
microbiome repopulation at 1-weeks post-antibiotic
treatment resulted in the decrease in the alpha and beta
diversity, along with decreased Firmicutes: Bacteroidetes
ratio and increased the abundance of Proteobacteria (all P <
0.05). Supplementation with 12% RPS prevented the post
antibiotic-induced inflammatory response by suppressing
the concentration of TNF-a and IL-1f in serum, as well as
the gene expression of TNF-a, IL-15 (P = 0.061) and /L-
6 in ileum (P < 0.05). Furthermore, dietary 12% RPS
administration could increase the post-antibiotic elevation
of the Firmicutes: Bacteroidetes ratio and prevent the
decline in microbial diversity. At the genus levels, diets with
12% RPS induced higher relative abundances
of Sellimonas and Ruminococcaceae UCG-014 (P < 0.05).
These data underscore the importance of microbial
dysbiosis in the regulation of intestinal health of meat ducks
such as triggering inflammation, as well as identify 12%
RPS as novel therapies for preventing these adverse effects.

Key Words: antibiotic; gut microbiota; Inflammation; meat
ducks; Resistant starch

49 Phenotypic virulence characterization of avian
pathogenic Escherichia  coli isolates from  broiler
breeders with colibacillosis. Jiddu Joseph!*, Christopher
Magee?, Linan Jia!, Li Zhang', Pratima Adhikari', Reshma
Ramachandran', 'Mississippi State University, Starkville,
Mississippi, United States, Poultry Research Unit,
Starkville, Mississippi, United States.

Avian pathogenic Escherichia coli (APEC) is the organism
responsible for colibacillosis, a disease which causes severe
economic loss to the poultry industry worldwide. Vertical
transmission of APEC from broiler breeders through
contaminated eggs to offspring is a major route for its
transmission and thus, necessitates its control in breeders.
However, there is only limited information on the virulence
characteristics of APEC isolates from broiler breeders.



Hence, the objective of this study was to assess the
phenotypic virulence characteristics of 28 APEC isolates
collected from broiler breeders with colibacillosis obtained
from the Mississippi Poultry Research and Diagnostic
Laboratory. Two hundred and fifty-six one-day-old
Ross708 x YPM female broiler chicks were divided into 32
groups (n=8 chicks/group) for 28 isolates and 4 controls (2
sham-PBS injected and 2 non-injected groups). Each chick
was subcutaneously injected in the neck region with 0.1 mL
of an overnight culture of APEC isolate reconstituted in
PBS to a final concentration of 1 X 108 CFU/mL. The chicks
were monitored 4 times daily for 7 days post-challenge;
mortality and postmortem lesions were recorded and liver,
heart, and reproductive organs were collected from 4
chicks/group to identify E. coli colonization. To evaluate
the virulence of APEC isolates and to classify them, a
pathogenicity score (PS) was assigned to each isolate based
on the day of chick death and lesions during necropsy.
Further, Pearson correlation analysis was performed using
SAS 9.4 to examine the relationship of PS with various
virulence-associated genes. Results showed that 4 isolates
(14.30%) caused 100% mortality and 8 isolates (28.60%)
caused 0% mortality within 7 days post-challenge. Based on
PS, among the 28 isolates, 11 (39.30%) were classified as
highly pathogenic, 6 (21.40%) as intermediate and 11
(39.30%) as low pathogenic. Positive correlations were

observed for PS with genes for iron
acquisition, iroN (R=0.50, P=0.01) and iut4 (R=0.40,
P=0.05), and the gene for increased serum

survival, iss (R=0.50, P=0.01). In conclusion, this study
enabled us to differentiate the APEC strains isolated from
broiler breeders with colibacillosis based on their virulence
potential in day-old chicks and establish a relationship
between pathogenicity and the presence of certain
virulence-associated genes that are part of APEC minimal
predictors. Our findings provide insight to further research
on the virulence characteristics of APEC causing infections
in broiler breeders to develop an APEC challenge model as
well as an effective vaccine.

Key Words: avian pathogenic Escherichia coli; broiler
breeder;  colibacillosis;  virulence  characterization;
pathogenicity score

50 Effects of in ovo injection of an Escherichia
coli vaccine on the posthatch growth of commercial
layer chicks. Lauren Lindsey'*, Jeff Evans?, Katie Elliott?,
Saman Fatemi', Ayoub Mousstaaid!, Patrick Gerard?®, David
Peebles', Mississippi  State  University, Starkville,
Mississippi, United States, 2USDA-ARS, Starkville,
Mississippi, United States, 3School of Mathematical and
Statistical Sciences, Clemson, South Carolina, United
States.

In the commercial layer industry, avian
pathogenic Escherichia coli (APEC) infections can lead to
significant financial loss. The Poulvac® E. coli vaccine
(PECV; Zoetis, Parsippany, NJ) is currently the
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recommended vaccine to combat APEC. The effect of in
ovo administration of PECV on the hatchability of layer
hatching eggs has been tested in a previous companion trial.
The purpose of this experiment was to examine the effects
of the in ovo administration of different doses of the PECV
in fertile Hy-Line W-36 layer hatching eggs on chick
posthatch growth and development. Vaccine treatments
included non-injected and diluent-injected controls, and the
injection of diluent containing a full dose, or 1x1072, 1x10*,
1x10°¢ dilutions of the full dose of the vaccine. Injections
(50 pL) targeted the amnion on day 18 of incubation. A full
dose was calculated to contain 2.65 x 10" CFU of E.
coli bacteria. Cumulative mortality through 3 wk posthatch
was 5.41 % in the full dose treatment, with no mortalities
observed in the other 5 treatments. On day of hatch, as well
asat 1, 2, and 3 wk posthatch, mean chick BW per treatment
was calculated. Chick length was calculated at 3 wk
posthatch. Mean chick BW did not differ significantly (P =
0.308) between treatments at hatch, but differed
significantly (P < 0.0001) between treatments at 1, 2, and 3
wk of age. At all 3 posthatch ages, chicks that had been
injected with diluent alone had the highest mean chick BW,
with chicks that had been injected with a full dose of vaccine
having the lowest mean chick BW. By the third week, the
chicks injected with a full dose of vaccine weighed nearly
20 g less than the diluent-injected chicks. Chick length was
significantly (P = 0.045) different between treatments, with
the body length of chicks in the full dose treatment being
shorter than in the 2 control groups. Overall, layer chicken
embryos were able to survive through 3 wk posthatch after
having received the PECV by in ovo injection. However,
the full dose of the PECV increased cumulative chick
mortality, and chick BW decreased with an increase in
PECV concentration through 3 wk posthatch.

Key Words: body weight; in ovo; layers; E. coli; posthatch

51 Influence of Dietary Ginger Root Extract on the
Expression Levels of Antioxidant Defense Enzymes and
Mucin Genes in the Intestine of Broiler Chicks. Olubunmi
Apalowo'*, Adedeji Adetunji!, Md Maruf Khan!, Yewande
Fasina!, ‘North Carolina A&T State University, Greensboro,
North Carolina, United States.

The intestinal epithelium of poultry is continuously exposed
to oxidative stressors associated with feed and
environmental conditions. Ginger rhizome (Zingiber
officinale; ginger root) contain bioactive compounds such
as gingerols and gingerdiols that possess strong antioxidant
activity. A total of 432 day-old chicks (Ross 708 strain)
were obtained from a commercial hatchery and subjected to
a 21-day experiment to investigate the effect of ginger root
extract (GRE) on the expression of genes coding for
antioxidant defense enzymes [Superoxide dismutase
(SOD), Catalase (CAT), Glutathione peroxidase (GPX)]
and mucin (MUC2). Chicks were weighed and randomly
assigned to six dietary treatments of varying ginger
concentrations in a completely randomized design as



follows: Treatment CON (fed corn-soybean meal (SBM)
basal), Treatment MX (fed basal diet containing bacitracin
methylene disalicylate (BMD) antibiotic at 0.055 g/kg diet),
Treatment GRE1 (fed basal diet containing 0.37% GRE),
Treatment GRE2 (fed basal diet containing 0.75% GRE),
Treatment GRE3 (fed basal diet containing 1.5% GRE),
and Treatment GRE4 (fed basal diet containing 3% GRE).
Each treatment consisted of 6 replicate pens, with each pen
housing 12 chicks. Body weight (BW), body weight gain
(BWG), feed intake (FI), and feed conversion ratio (FCR)
was monitored throughout the experiment. On d 6 and 13 of
experiment, intestinal ileal tissue segments were collected
and subjected to RNA isolation procedures. Resulting RNA
samples were reverse transcribed to cDNA that were
subjected to Quantitative Reverse Transcription Polymerase
Chain Reaction (qQRT-PCR) to determine the expression
levels of SOD, CAT, GPX, and mucin (MUC2) genes.
Results showed that with the exception of GRE4 treatment,
growth performance parameters were similar (P > 0.05) for
all treatments. Ileal gene expression results on d 6 showed
that SOD was upregulated (P < 0.05) in GRE3 chicks (2.43
folds) compared to CON and MX chicks. The CAT gene
was downregulated in MX and GRE treatments (P < 0.05;
0.32 to 0.71) compared to CON, while no difference (P <
0.05) was observed in the expression of GPX gene among
treatments. Expression of MUC2 gene in the ileum of GRE2
(1.83 fold) and GRE3 (1.93 fold) was upregulated (P <
0.05) compared to CON and MX. It was concluded that
GRE may mitigate intestinal oxidative stress through
upregulation of SOD enzyme (antioxidant defense) and
MUC?2 genes.

Key Words: Mucin; Ginger root extract; Intestinal
oxidative stress; Superoxide dismutase; Broiler Chicks

52 Case report: high and rapid mortality associated
with anaerobic bacterial infections in a turkey research
trial. Chloe O'Brien'*, Catherine Fudge', Rocio Crespo!,
Chongxiao Chen!, Zohreh Mehdipour', Raveendra Kulkarni',
INorth Carolina State University, Raleigh, North Carolina,
United States.

This is a case report pertaining to unanticipated high and
rapid mortality in a turkey research trial, which might be
associated with Clostridium perfringens and E.coli
infection or their toxins. In case 1, day-old turkey poults
were placed in 36 battery cages with 10 birds/cage. At week
2, birds were cloacally inoculated with 1 ml of Histimonas
meleagridis culture and were held upside down for two
minutes to ensure successful infection. Within 48 h post-
inoculation, the mortality reached 16.7%, and in the
following 48 h, the mortality dropped dramatically to 1.4%.
6 birds were sent to Rollins Animal Disease Lab (Raleigh,
NC) for inspection, where results showed marked gizzard
koilin layer necrosis with a heavy growth ofC.
perfringens. Liver  surface  swaps were  positive
for E.coli and Streptococcus gallolyticus. Following case 1,
we did a complete clean out and disinfection to ensure there
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was no contamination for the next trial (case 2). However,
similar issues were observed. In case 2, 48 h post-
inoculation, mortality reached 51% and dropped to 2% for
the next 48h. Between these two cases, it is noticed that only
the birds being handled and inoculated were experiencing
accelerated mortality. We hypothesized it might be caused
by handling stress, inoculation stress, toxins in the media,
or potential contamination in the H. meleagridids cultures.
To determine the factors in rapid mortality, two pilot trials
were conducted. In trial 1: 50 poults were assigned to 5
cages with the treatments: 1. handling only (upside down
for 2 mins), 2. handling + 1 mL water (cloacal inoculation),
3. handling + 1 mL media (no parasites or bacteria), 4.
handling + 1 mL H. meleagridis parasite culture, and 5. 1
mL H. meleagridis parasite culture. Within 48h, only
treatments 4 and 5 had high mortality with 50% in both. To
further explore if the parasite culture was the issue, in trial
2, we inoculated birds with different amounts of culture (10
birds/level). Mortality results showed 70% in 1.5mL and
40% in 1ml and 0% in 0.25ml inoculation. Cultures were
also sent for C. perfringens identification, which showed
that the cultures used in the infection were positive. Further
genotyping, microbiome, and toxins analysis in the cultures
are under process. In summary, the cultures seem to play a
critical role in these cases. The H. meleagridis were
cultured anaerobically with bacteria and rice powder as
energy source, which may favor C. perfringens growth and
toxin production and accumulation. In the past, such a rapid
morality has rarely been seen. Other co-factors, such as
stresses, other bacteria, or potential colon damage during
inoculation, may have contributed to the rapid and high
mortality.

Key Words: Clostridium perfringens; E. coli; Histomonas
meleagridis; Co-infection; Cloacal inoculation

53 Detection of antimicrobial resistance genes
in Lactobacillus spp. from poultry probiotic products
and their horizontal transfer among Escherichia coli.
Md. Rokon-Uz-Zaman'*, Anica Bushra!, Tanjida Akter
Pospo!, Monika Akter Runa!, Sadia Tasnuva', Mst. Sonia
Parvin!, Md. Taohidul Islam!, ‘Bangladesh Agricultural
University, Mymensingh, Bangladesh.

Nowadays, the use of probiotics has been augmented in
poultry production. However, they should be free from any
transferable resistance genes. The study was conducted to
identify the antimicrobial resistance genes (ARGs)
in Lactobacillus spp. from commercially available poultry
probiotic products and their potential to spread
among Escherichia coli. A total of 35 probiotic products
from seven brands/companies (five from each brand)
commonly used in poultry were purchased from veterinary
pharmacies. Lactobacillus  spp. were isolated and
identified based on cultural, biochemical, and molecular
findings. All the isolates (n = 35) were screened for the
presence of some ARGs such as B-lactamase encoding
genes (blaTEM, blaCTXM-1, and blaCTXM-2), plasmid-



mediated quinolone resistance genes (gnrA, gnrB,
and gnrS), and tetracycline resistance genes (fetA and ferB).
The co-culture of Lactobacillus spp. and E. coli was
performed to evaluate the transfer of resistance genes. The
antimicrobial susceptibility test (AST) was also performed
by the disc diffusion method. Five Lactobacillus spp.
isolates from three brands were positive for one or more
ARGs. The gnrS was detected in four isolates. blaTEM
and ferfB were detected in two isolates. One isolate
contained blaCTX-M-1, blaCTX-M-2, and tetA genes.
Brand-wise analysis revealed that one isolate from Brand
4 was positive for blaTEM, blaCTX-M-1, blaCTX-M-
2, gnrS, and tetA genes; one isolate from Brand 2 was
positive for the blaTEM gene; and three isolates
from Brand 7 harbored the gnrS gene. The co-culture
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resulted in the transmission of gnrS, CTX-M-1, and tetA
from Lactobacillus spp. to E. coli. Results of AST revealed
that the highest resistance was observed to cefepime and
cefotaxime, followed by penicillin G, oxacillin, cefuroxime,
and ofloxacin. The least resistance was observed against
ciprofloxacin, nalidixic acid, vancomycin, and clindamycin.
The results of the present study indicate the potential risk of
horizontal spread of antimicrobial resistance through
probiotic bacteria among the poultry population. Therefore,
it is very necessary to check ARGs along with other
attributes of probiotic bacteria to avoid the inclusion of
resistant strains in probiotics.

Key Words: Probiotics; Lactobacillus;
Antimicrobial resistance gene; Horizontal transfer

Poultry;
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54 Epigenetic Regulation of Host Defense Peptide
Synthesis: Synergy between Histone Deacetylase
Inhibitors and DNA/Histone Methyltransferase

Inhibitors. Melanie Whitmore'*, Glenn Zhang', ‘Oklahoma
State University, Stillwater, Oklahoma, United States.

Host defense peptides (HDPs) are an integral part of the
innate immune system as the first line of defense against
infections. Modulation of HDP synthesis has emerged as a
promising host-directed approach to fight against infections.
Inhibition of histone deacetylation or DNA methylation has
been found to enhance HDP gene expression. In this study,
we explored a possible synergy in HDP gene induction
between histone deacetylase inhibitors (HDACi) and
DNA/histone methyltransferase inhibitors (DNMTi/HMTi).
Two chicken macrophage cell lines were treated with
structurally distinct HDACi, HMTi, or DNMTi individually
or in combination for 24 h, followed by total RNA
extraction and RT-qPCR analysis of HDP gene expression.
Statistical analysis was performed using ANOVA then
Tukey’s multiple comparisons test. Each epigenetic
compound was found to be capable of inducing HDP
expression (P < 0.05). To our surprise, a combination of
HDACi and HMTi or HDACi and DNMTi showed a strong
synergy to induce the expressions of most HDP genes. The
HDP-inducing synergy between butyrate, an HDACI, and
BIX01294, an HMTi, were further verified in chicken
peripheral blood mononuclear cells. Furthermore, tight
junction proteins such as claudin 1 were also synergistically
induced by HDACi and HMTi. Overall, we conclude that
HDP genes are regulated by epigenetic modifications.
Strategies to increase histone acetylation while reducing
DNA or histone methylation exert a synergistic effect on
HDP induction and, therefore, have potential for the control
and prevention of infectious diseases.

Key Words: host defense peptides; histone deacetylase
inhibitors; histone methyltransferase inhibitors; DNA
methyltransferase inhibitors; epigenetic modification

55 Heritability Estimates of Egg Quality Traits in
Pekin Ducks and Their Relationship with Other
Production Efficiency Traits. Carl Kroger'*, Luiz Brito!,
Gregory Fraley?, Bill Lee’, Darrin Karcher!, !Purdue
University, Westport, Indiana, United States, *Purdue
University, West Lafayette, Indiana, United States, ’Maple
Leaf Farms, Manchester, Indiana, United States.

Pekin duck (Anas platyrhynchos domesticus) is the most
widely consumed duck protein with nearly 35 million ducks
produced annually in the USA and exported worldwide.
Ducks are used not only for their meat production but also
feathers that are commonly found in winter jackets and
comforters. The duck meat market is expected to increase
by 3% from 2021 to 2025. Therefore, genetically improving
duck populations together with the implementation of more
efficient nutritional and management strategies is
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paramount for the long-term sustainability of the US duck
industry. In this context, the main objectives of this study
were to estimate heritability and variance components for
various egg quality traits on Pekin ducks and determine their
relationship to production efficiency traits. Egg quality
traits of 305 Pekin hens were measured through three time
points during their laying cyle [30, 32, and 35 weeks of age
(woa)]. The hen’s juvenile feed conversion ratio (FCR) and
body weights at two different time points (2 and 5 woa)
were measured to explore the relationship to the quality of
eggs produced. The average and standard deviations for
each egg quality trait are: egg volume (EV), 75.15 + 6.01ml
; egg weight (EW), 82.74 + 5.92g; shell thickness (ST), 0.41
+ 0.02mm; yolk weight (YW), 24.95 + 2.32g; shell strength
(SS), 4,823.18 £ 850.76N; and, vitelline membrane strength
(VMS), 172.13 £ 67.99N. A linear modeling approach was
implemented to evaluate the influence of different factors
on hen’s efficiency traits and eggs produced. We found that
FCR and age at lay influenced YW (0.0347, 2.73E-06; p-
value at 32 woa, p-value at 35 woa). Five week BW and age
at lay had an association with YW (p-value at 32 woa, p-
value at 35 woa; 0.0163, 2.19¢-05), EW (0.0044, 6.99¢-08),
ST (non-signifficant, 0.00171), and SS (0.0163, 2.19¢-05).
Variance components and heritability estimates were
calculated for all the traits using the BLUPF90 software, the
Restricted Maximum Likelihood (REML) method, and
9,418 individuals in the pedigree. The heritability estimates
were 0.357 £ 0.076 (EV), 0.594 £ 0.057 (EW), 0.722 + 0.04
(ST), 0.371£0.076 (YW), 0.167 = 0.079 (SS), and 0.186 +
0.075 (VMS). These findings indicate that all the egg
quality traits evaluated are moderately to highly heritable in
Pekin Ducks and can be improved through direct genetic or
genomic selection.

Key Words: Egg Quality; Poultry; Genetics; Genetic
Parameter; Feed Conversion Ratio

56  Primary Growth Plate Chondrocyte Isolation,
Culture, and Characterization from the Modern
Broiler. Alison Ramser'*, Elizabeth Greene!, Narayan Rath?,
Sami Dridi', ‘University of Arkansas, Fayetteville,
Arkansas, United States, "USDA/ARS, Fayetteville, Arkansas,
United States.

Poultry has made major improvements in the area of
performance and efficiency. In order to maintain this
upward trajectory, the modern broiler must be robust against
disease, infection, and injury. Therefore, the study of
common diseases in poultry needs relevant and appropriate
models. Bacterial chondronecrosis with osteomyelitis
(BCO) is a leading cause of lameness affecting the growth
plates of the long bones. A major limitation in studying
BCO is a lack of chicken immortalized chondrocyte cell.
Isolation of primary chondrocyte cells is a means of
studying diseases of the growth plate in vitro, but requires
validation and characterization, including well-defined



protocols, to be considered a physiologically relevant
model. In this study, isolation and high-density culturing of
primary chondrocytes from 10-day old chicks (1 leg
rendered approximately 1 x 10° cells) was followed by
confirmation of cell type, identification of optimal
phenotypic expression, and evaluation of cells functionality.
Cell lysate and media were collected at each time point for
analysis (n = 3). Relative expression of target genes was
determined using real-time qPCR and protein was
visualized and quantified via Western Blot and Alpha View
software. Data were analyzed by one-way ANOVA using
GraphPad. Live cell imaging was conducted using
Cytation3 plate reader. This study is the result of 1
experiment with 3 technical replicates per measurement and
based on previous pilot studies. Results showed a shift from
COLII dominant expression in early-culture to COLI
dominant expression by late-culture in conjunction with a
loss of other chondrocyte markers such as Sox9, ACAN,
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and COLXA1l (P< 0.05). Additionally, morphological
changes seen through live cell imaging coincide with the
shift of phenotype in mid- to late-culture periods indicating
a dedifferentiated phenotype. The functionality of the
cultured cells was confirmed using Brefeldin-A treatment
which significantly reduced secretion of COLII by day 7
(d7) (P <0.05). By evaluating mRNA abundances, protein
expression and secretion of chondrocyte-specific factors on
day d3, d7, d11, d14, d18, and d21 in culture, it was shown
that avian growth plate chondrocytes under these conditions
exhibit optimal phenotype between d3 to d7. These results
provide an accurate road map to isolation and utilization of
avian primary chondrocyte cells in the study of bone-related
infections and diseases as well as the foundation for future
work immortalizing or passaging.

Key Words: broiler; primary chondrocyte; growth plate
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57  Influence of light intensity, pre-harvest fasting,
and storage time on total protein, uric acid, and
creatinine in serum and plasma of broilers. Clauber
Polese'*?, Lucas Wachholz!, Nilton Rohloff Junior!, Cleison
De Souza!, Guilherme Silva Tesser', Lidiane Datch!, Cristine
Kaufmann', Cinthia Eyng', Charles Starkey?, Ricardo Nunes/,
Western Parand State University, Marechal Céndido Rondon,
Parana, Brazil, ?’Auburn University, Auburn, Alabama, United
States.

Analysis of blood metabolites is routinely included in
broiler research studies. However, there is little information
available related to the impact of rearing conditions, pre-
blood collection fasting times, which fraction is optimal for
which metabolites, or how long they can be stored.
Therefore, the objective of this completely randomized
design experiment with a 2 x 7 x 5 x 2 factorial treatment
structure was to evaluate the effect of 2 light intensities, 7
fasting and 5 storage times on total protein (TP), uric acid
(UA), and creatinine (CRE) concentrations in 2 blood
fractions (serum vs. plasma) of broilers. Male Cobb 500 (n
= 140) were grown to 42 d-of-age (BW =3.1£0.7 kg), then,
birds were redistributed into 7 replicate pens (10 birds per
pen) per light intensity (5 and 20 lux) and reared to 45-d-of-
age. Broilers were fasted for 1 h and then allowed to
consume feed for 30 min prior to the initial blood collection
(0 h). Blood was then collected from 1 of the 7 replicate
pens from each environment (5 and 20 lux) via ulnar
venipuncture using vacuum tubes with and without
anticoagulant (5 mg NaF + 4 mg EDTA-K3) at 2-h-intervals
during the 12 h fasting period (0, 2, 4, 6, 8, 10 and 12 h).
Serum and plasma fractions were collected following
centrifugation and analyzed after 0, 15, 30, 60, and 120 d of
storage in microtubes at -20 °C. Analysis was done using a
spectrophotometry biochemical autoanalyzer (Flexor EL
200) with specific kits (Elitech) calibrated with ELICAL
standards. Data were analyzed as a 1-way ANOVA by main
effect with SAS PROC GLM with mean separation at P <
0.05 and polynomial regression was performed for fasting
and storage time. Birds reared with 5 lux of light had greater
concentrations of TP in both fractions as well as serum UA
and plasma CRE compared with those at 20 lux (P<
0.0295). Fasting time did not alter TP in either fraction (P >
0.2947), but a cubic effect was observed on UA and CRE
(P < 0.0001). Total proteins and UA increased linearly as
storage time increased (P < 0.0006), while CRE decreased
after 42 d of storage (P < 0.0001). Based on the regression
analysis, fasting birds for no more than 5.3 h results in the
fewest changes in these blood chemistry parameters. For
analysis of TP, plasma can be stored for up to 120 d, while
for serum, storage for less than 60 d is recommended. For
UA and CRE, both fractions can be used, but immediate
analysis is recommended after sample collection. Overall,
these data shed light on the importance of sample collection

Poult. Sci. 102 (E-Suppl 1)

34

and storage strategies for biochemical analyses of blood
metabolites in broiler chickens.

Key Words: broiler chickens; fasting; storage; light
intensity; blood analysis

58 Impact of initial cell plating density of broiler
chicken Pectoralis major muscle satellite cells on
viability, proliferation, and heterogeneity. Caroline
Gregg'*, Brittany Wall!, Joshua Flees!, Charles Starkey',
Jessica Starkey!, ‘Auburn University, Auburn, Alabama,
United States.

Muscle stem cells- also called satellite cells (SC)- signal in
a contact-dependent manner making initial density of SC
important for proper in vitro evaluation. Culture conditions
for broiler chicken SC are not standardized in current
literature. The objective was to evaluate increasing initial
cell plating densities on proliferation, viability, and
myogenic regulatory factor (MRF) heterogeneity of SC
isolated from broiler chicken pectoralis major muscles
(PM). Primary SC cultures were isolated from the PM of 9,
15, and 17-d-old male Yield Plus x Ross 708 broilers. SC
were plated on triplicate, gelatin-coated, 1.8 cm?-wells at 4
initial densities (10,000, 20,000, 30,000, or 40,000 cells per
well). SC were cultured in low glucose Dulbecco’s
Modified Eagle’s Medium with 10% chicken serum, 5%
horse serum, 1% antibiotic/antimycotic, and 0.1%
gentamicin in a tri-gas incubator at 40 °C. At 48 and 72 h
post-plating, adherent cells in parallel plates were detached
with 0.25% trypsin. A Countess™ 3 Automated Cell
Counter was used with trypan blue staining to assess
viability and calculate doubling time (DT). At 96 h, 1 plate
was stained using indirect immunofluorescence with a
nuclear counterstain (DAPI) to detect SC expressing MRF
paired box 7 (Pax7) and myogenic differentiation factor 1
(MyoD). Stained wells (n = 12 per replicate) were imaged
using a Nikon Eclipse Ti2®inverted fluorescence
microscopy system with Nikon Elements software. Images
of 5 random fields were captured per well, and populations
of Pax7+, MyoD+, and Pax7+:MyoD+ cells were
enumerated and expressed on a mm? basis. Total Pax7+,
MyoD+, and Pax7+:MyoD+ as well as MRF- (Pax7-
:MyoD-) and MRF+ (Pax7+, MyoD+, Pax7+:MyoD+) were
calculated and expressed as a proportion of total DAPI+
cells. The experiment was replicated with primary cultures
from 3 independent groups of birds. Data were analyzed as
a 1-way ANOVA using PROC GLIMMIX of SAS 9.4.
Means were separated at P < 0.05 and tendencies were
declared when 0.0501 <P < 0.10. Cell viability was
diminished 15.5% in cultures plated with only 10,000 cells
per well (P < 0.0001). DT and proportions of MyoD+ and
Pax7+:MyoD+ cells were not impacted by plating density
(P =0.2360). Yet, the pairwise mean comparisons revealed
that plating density of at least 30,000 cells per 1.8 cm?well
results in increased proportions of Pax7+ compared with



10,000 and 20,000 cells per 1.8 cm?well (P < 0.0693). In
conclusion, plating primary broiler SC at a density of at least
30,000 cells per 1.8 cm?-well appears to best support both
proliferation and progression toward differentiation in
culture.

Key Words: broiler chicken; myogenic regulatory factor;
proliferation; skeletal muscle satellite cell; cell density

59  In ovo feeding of probiotics changes the timing of
gene expression in the small intestine during the first
week post-hatch in broiler chicks. Sara Cloft'*, Zehava
Uni%, Eric Wong!, 'Virginia Tech, Blacksburg, Virginia,
United States, °The Hebrew University of Jerusalem, Rehovot,
Israel.

In ovo feeding into the amnion supplements the chick
during the hatching process and fosters the transition to feed
post-hatch. Previous research has established that nutrients
provided in ovo hasten the maturation of the small intestine.
Similarly, probiotics have been reported to promote
immunocompetence in the first 7 days (d) post-hatch. This
study aimed to clarify the effect probiotics have on the small
intestinal maturation. On embryonic day (e) 17.5,
commercial broiler eggs were punched with an egg piercer
and then injected with 0.3ml of 10° CFU of Primalac
probiotic in 0.75% saline (Probiotic), 0.3 ml of 0.75% saline
(Saline), or were not injected (Punch). All 3 segments of the
small intestine were collected from chicks on €20, 1, 3, and
7 days post-hatch. Gene expression of the enterocyte marker
Peptide transporter 1 (PepT1), and goblet cell marker
Mucin-2 was examined by quantitative PCR. Log
transformed data were analyzed by day using an ANOVA
considering segment and treatment. On e20, the Probiotic
group had increased expression of Mucin-2 and PepTl
mRNA in the ileum compared to the Punch group. Also, we
observed that the Saline group at €20 had increased PepT1
mRNA in all intestinal segments compared to the Punch
group though not as great as the Probiotic group ileal mRNA
abundance. However, post-hatch there was no effect of in
ovo injection on mRNA expression. Interestingly, the Punch
group had Mucin-2 and PepT1 gene expression peaks in the
ileum on 3 and 7d, respectively likely indicating the normal
pattern of intestinal maturation. Previous research has
shown that in ovo feeding stimulates the absorptive
enterocyte to produce greater amounts of nutrient
transporters such as PepTl. Additionally, it has been
previously suggested that Mucin-2 may require antigenic
stimulation within the intestine before it can be upregulated,
which may explain why the Probiotic group was increased
at €20. Therefore, these results present a case of altered
timing of gene expression where in ovo feeding of
probiotics causes earlier peaks of Mucin-2 and PepT1 than
non-injected controls suggesting an enhanced intestinal
maturation process and improved immunocompetence in
agreement with previous studies.

Key Words: Probiotics; PepT1l; qPCR; Muc2; In ovo
Feeding
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60  Chronic glucocorticoid administration induce sex
differences in heterophil-to-lymphocyte ratio and
increase cortisol levels in egg albumen in Pekin ducks.
Victoria Tetel'*, Sara Tonissen?, Esther Oluwagbengal,
Gregory Fraley!, 'Purdue University, West Lafayette,
Indiana, United States, *Purdue University, Olmsted Falls,
Ohio, United States.

Recent studies have indicated that cortisol may have
physiological roles and that there are sex differences in the
actions of both glucocorticoids (GC). During chronic stress,
there is an initial increase in GC levels, but they then return
to low, albeit not baseline, levels. The purpose of our study
was to test the hypothesis that chronic treatment with low
levels of either corticosterone or cortisol would alter HLR
and organ morphometrics. Further, we wanted to determine
if chronic treatment with either GC would elicit an increase
in cortisol levels in egg albumen due to the recent findings
that cortisol, not corticosterone, was localized to the
albumen. To test our hypotheses, we implanted silastic
capsules subcutaneously under propofol anesthesia.
Capsules contained corticosterone, cortisol, or an empty
capsule as controls and implanted on the back of the neck of
adult ducks (N=5/sex/dose). On days 0, 7, and 14, blood
serum, blood smears, body weights, were collected. Eggs
were collected daily for egg quality assessments. After 2
weeks, ducks were euthanized and body, liver, and spleen
weights, and the number of active follicles were recorded.
Albumen glucocorticoid levels were assessed using mass
spectrometry. Data were measured using a 2- or 3-way
ANOVA as appropriate and post hoc with Fishers PLSD.
No treatment elicited differences in egg quality measures or
body weight compared to controls. After two weeks,
corticosterone, but not cortisol, treatment elicited a
significant increase in serum corticosterone (1.6 +/- 0.12
ng/ml) compared to controls (0.7 +/- 0.09 ng/ml) in both
sexes. Cortisol treatment elicited a significant (p < 0.05)
increase circulating cortisol (121.6 +/- 5.17 pg/ml) as did
treatment with corticosterone (47.7 +/- 6.34 pg/ml)
compared to control levels of cortisol (19.3 +/- 4.25) in both
sexes. Relative spleen weights were significantly (p < 0.05)
reduced in hens following corticosterone but not cortisol
treatment. No other organs showed any significant
differences among the treatment groups. Both GCs elicited
a significant (p < 0.001) increase in HLR in hens, but not
drakes, at all time points over the 2 week treatment period
compared to controls. Chronic treatment with cortisol, but
not corticosterone, elicited a significant (p < 0.01) increase
in egg albumen cortisol levels compared to other groups.
Corticosterone was not detected in any albumen samples.
Our results suggest that glucocorticoids elicit differential
effects and although corticosterone has been stated to be the
predominant GC in avian species, cortisol may provide
critical information to further understand and improve
welfare.

Key Words: Eggs; Corticosterone; Epigenetics; Cortisol;
Breeder ducks



61 Chronic heat stress decreases egg quality,
increases cortisol levels in egg albumen, and affects
fertility in Pekin ducks. Esther Oluwagbenga'*, Jenna
Schober!, Victoria Tetel!, Sara Tonissen!, Gregory Fraley',
'Purdue University, West Lafayette, Indiana, United States.

Heat stress (HS) has detrimental effects on production,
health, and welfare of poultry. The goal of our experiment
was to test the hypothesis that HS would alter welfare, egg
quality (EQ), and morphometrics of breeder ducks.
Furthermore, we wanted to test if HS would increase
cortisol levels in egg albumen due to recent exciting
findings that cortisol, not corticosterone, is isolated in
albumen. To test our hypothesis, adult Pekin ducks were
randomly assigned to two different rooms at 85% lay with
80 hens and 20 drakes per room. Baseline data including
body weight (BW), body condition scores (BCS; footpad
quality, eyes, nostrils, feather cleanliness and feather
quality), and egg production/quality were collected the
week preceding heat treatment. Ducks were subjected to
cyclic HS of 35°C for 9h/day and returned to 29.5°C for the
remaining 15h/day for 3 weeks while the control room was
modified to an industry-standard temperature of 22°C. Eggs
were collected daily and body weights were taken on days
0 and 21 relative to the onset of heat treatment. BCS were
collected weekly. Eggs for quality assessment were
collected weekly and albumen glucocorticoid (GCs) levels
were assessed using mass spectrometry. After 3 weeks, 10
hens and 5 drakes were euthanized per group using
pentobarbital. BW, weights of the liver, spleen, and the
number of maturing follicles were recorded. Data analyses
were done by 2- or 3-way ANOVA as appropriate with a
Tukey-Kramer post hoc test. BCS were analyzed using a
chi-squared test. A p < 0.05 was considered significant.
Feather quality (p< 0.01), feather cleanliness (p<0.001) and
footpad quality (p<0.05) increased significantly in the HS
group compared to controls. HS elicited a significant
(p<0.05) decrease in egg production and number of fertile
eggs upon candling at 10 days of incubation. Hens in the HS
group showed a significantly decreased BW (p<0.001),
relative spleen weights (p<0.05), and number of ovarian
follicles (p<0.05) compared to controls. There is a time-
dependent decrease in shell thickness at weeks 1 and 2 in
the HS group but no difference at week 3 compared to the
baseline (p<0.001). Shell weight decreased significantly at
week 1 only (p<0.05) compared to controls. Yolk weight
decreased significantly at week 3 (p<0.01) compared to
controls. HS elicited a significant increase in albumen
cortisol levels at week 1 (p<0.05) and week 3 (p<0.05). HS
elicited a selective deposition of cortisol, not corticosterone,
in the egg albumen confirming previous results by others.
Further, HS has a time-dependent effect on egg quality
parameters. The impact of HS on egg quality and cortisol
levels suggests further research is needed on the effects of
HS on the F; generation.

Key Words: Pekin duck; Welfare ; Glucocorticoids; Heat
stress; Egg quality
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62 Impact of rearing environments on growth
trajectories and sexual maturation in layer chickens.
Mohammad Bahry'*, Charlene Hanlon!, Sierra Schaus',
Clara Ziezold!, Gregoy Bedecarrats', 'University of Guelph,
Guelph, Ontario, Canada.

Our recent studies showed metabolic triggers can
independently initiate sexual maturation when a threshold is
met. Moreover, previous research showed that growth and
body composition of layer pullets are influenced by rearing
environments. Thus, this study aimed to determine whether
different housing systems (HS) affect the metabolic
threshold required to activate the reproductive axis in layers.
Day-old Lohman LSL lite (W, n=224) and Lohman brown
(Br, n=224) chicks were randomly assigned to either
Conventional cages (CC, n=18), Aviary 1 (AV1, n=52,
confined for the first 6 weeks), Aviary 2 (AV2, n=64, access
to vertical space for the first 6 weeks) or Aviary 3 (AV3,
n=90, open concept for the first 6 weeks) on a 2 x 4 factorial
arrangement of treatments. At 6 weeks of age (woa) all
systems (except CC) were opened to provide access to a
litter area. All hens received ad-lib feed and lighting was
scheduled as per the breeder’s recommendation. Body
weight (BW) and blood samples (n=10 per group) were
collected throughout the study and estradiol (E2) profiles
were determined. At 16 and 23woa a subset of birds were
euthanized (n=6) and carcass composition was determined
by Dual-energy X-ray absorptiometry (DEXA). Statistical
analyses were performed using the MIXED procedure in
SAS. Results show that Br pullets were heavier (P <0.001)
than W and pullets in CC had higher BW compared
to AV systems for both strains. The impact of HS was more
pronounced for Br than W with pullets
in AV1 and AV3 displaying the lowest BW (P < 0.001).
The HS impacted sexual maturation in a strain-dependent
manner with the E2 peak delayed by 2 weeks
for Win AV3and 3 weeks for Brin AV1 (P < 0.001).
Egg-laying was also delayed for W in AV1 and AV3 (P <
0.001). Regardless of HS, Br started laying 1 week
before W. Results of DEXA show that HS had a significant
impact on carcass fat (P< 0.001) with pullets
in CC reaching 20% fat ratio at 16woa for both strains while
all 3 AV systems resulted in levels below 16%. At 23woa,
the fat ratio in CC remained unchanged while levels
in AV systems caught up, except for Win AV1. Bone
mineral density was significantly reduced (P < 0.001)
in CC pullets at 16woa, however, at 23woa, no difference
was observed between treatments. At 16woa, W pullets
displayed lower (P < 0.001) bone mineral density than Br.
In summary, the results show that rearing pullets
in CC results in increased body weight and carcass fat
percentage while lowering bone mineral density at 16woa.
The type of aviary system also had an impact on body
weight and body composition, however, a significant
concomitant impact on egg production was only observed
in W birds.



Key Words: Layers; Egg production; Housing system;
Sexual maturation; Growth trajectory

63  In vivo tibiotarsal axial stiffness is unaffected by
genetic strain and rearing housing. Isabela Vitienes!*?
Seyedmahdi Hosseinitabatabaei'?, Alice Bouchard'?,
Catherine Julien'?, Ana Rentsch’, Tina Widowski?, Russell
Main*, Bettina Willie'?, 'McGill University, Montreal,
Quebec, Canada, *Shriners Hospitals for Children Canada,
Montreal, Quebec, Canada, 3University of Guelph, Guelph,
Ontario, Canada, *Purdue University, West Lafayette,
Indiana, United States.

Bones adapt to maintain structural integrity by sensing
mechanical strain (deformation) occurring during daily
activity and responding by forming or resorbing bone. Bone
stiffness therefore affects how bones sense and adapt to
load-bearing activity. We aimed to determine whether a
pullets’ genetic strain and physical activity history,
determined by rearing housing complexity, affects in
vivo axial stiffness of the tibiotarsal midshaft. Across three
consecutive flocks, a total of 7,128 Lohmann Brown-Lite
(B) and LSL-Lite (W) pullets were reared in either
conventional cages (CC) or two aviary rearing systems with
varying levels of complexity (Low, L; High, H) until
l16woa. We sampled 42 birds (n=7/strain/housing) and
surgically instrumented their right tibiotarsi with strain
gauges at the anterior, medial, and posterior midshaft
surfaces. Axial compressive loads were applied to the right
hindlimb at a range of peak load levels (-30 to-220N) using
a controlled loading device while the engendered strains
were measured, and the mean in vivo axial stiffness at each
bone surface was derived for each chicken. Data were
analyzed by ANOVA and Tukey post-hoc testing, with
significance at p<0.05. There was no effect of genetic strain,
rearing housing, or their interaction on axial stiffness at any
of the surfaces measured. Axial stiffness averaged -
0.63N/pe, 0.06N/pe, and 0.11N/pe at the anterior, medial,
and posterior surfaces respectively. Axial stiffness
magnitude (irrespective of strain direction) differed
significantly across surfaces measured, with the anterior
surface being stiffer than medial and posterior surfaces,
whereas medial and posterior axial stiffness magnitude did
not differ. These data elucidate the relationship between
applied axial load and the strain this load produces at the
tibiotarsal midshaft. This allows us to identify -170N as a
target load forin vivo controlled loading experiments,
capable of engendering anabolic medial and posterior
strains up to 15 times those occurring during ground
locomotion, which we report to be -187ue and -293pe
respectively!. In addition, we recently reported that aviary
rearing enhanced bone mass and microstructure in B and W
pullets respectively?, adaptations known to increase bone
stiffness. The observed comparable stiffness in aviary and
CC groups suggests that changes in bone morphology or
tissue material properties may be counteracting the effects
of bone mass and microstructure to maintain in vivo tibial
stiffness across rearing housing groups. Further work is
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ongoing to characterize bone morphology, material
properties, and the mechanoresponse in these groups.
1) Vitienes et al. PSA 2022 under review.
2) Vitienes et al. PSA 2021

Key Words: Genetic strain; Skeletal mechanobiology;
Bone adaptation; Mechanical strain; Rearing housing

64  Changes in acid-base status and circulating
ionized calcium and phosphorus levels in laying hens
during early and peak production. Micaela Sinclair-
Black'*, Alejandra Garcia Mejia!, Rosalina Angel?, Bibiana
Jaramillo*, Xabier Arbe?, David Cavero®, Laura Ellestad!,
!University of Georgia, Athens, Georgia, United States,
2University Of Maryland, College Park, Maryland, United
States, SH&N International, Bangkok, Thailand, *Iluma
Alliance, Durham, North Carolina, United States.

In laying hens, homeostatic regulation of blood ionized
calcium (iCa) and phosphorus (P) is crucial for maintaining
skeletal health and eggshell quality. During egg formation,
calcium from feed and iCa mobilized from bone are used
for shell calcification; bone mobilization also releases P into
the blood. Acid-base status can affect levels of iCa, with
lower pH increasing iCa due to its reduced interaction with
binding proteins. Therefore, changes in acid-base status
may have consequences for skeletal health and eggshell
integrity, factors that become increasingly important as hens
age. This research evaluated fluctuations in laying hen
blood chemistry at 25 and 43 weeks of age. Blood was
collected from the brachial wing vein of 96 Nick Chick hens
(H & N North America) at four time points during the 24-
hour egg formation cycle [1.5, 6, 15 and 21 hours post
oviposition (HPOP); n=12 hens/time point]. Aspects of
blood chemistry including total P (tP), iCa, pH, and
bicarbonate (HCO;) were measured immediately using
VETSCAN VS2 Avian/Reptilian and iSTAT CG8+
cartridges (Zoetis). Data were analyzed by a two-way
ANOVA, and means were compared using Fisher’s LSD
test when the ANOVA indicated significance (p<0.05).
While no interactive effects were noted between hen age
and HPOP (p>0.5), main effects of age and HPOP were
observed. As hens aged from 25 to 43 weeks, iCa decreased
(p<0.05). At both ages, iCa decreased between 1.5 and 6
HPOP, was further reduced at 15 HPOP, and remained low
through 21 HPOP (P<0.05), likely reflecting periods of
bone remineralization and eggshell calcification,
respectively. Blood tP levels were unaffected by age
(p>0.05); however, they were influenced by the stage of egg
formation. At 1.5 HPOP, tP levels were low and, following
this, increased steadily through 15 HPOP after which they
plateaued (P<0.05). These changes could be indicative of
excess P remaining from bone breakdown as iCa was
utilized for eggshell formation between 6 and 21 HPOP.
Blood pH was higher in 25-week-old hens (p<0.05) and, at
both ages, pH increased between 1.5 and 15 HPOP (p<0.05)
and remained elevated through 21 HPOP. Levels of
HCOs were higher at 43 weeks and increased linearly from



1.5 to 15 HPOP at both ages (p<0.05); however, HCOj3  then
decreased from 15 to 21 HPOP (P<0.05). Taken together,
these results suggest that as hens progress through the peak
production period, metabolic shifts might occur that
influence iCa availability for shell formation and bone
mineralization. Strategies aimed at managing these shifts to
optimize iCa availability and utilization could positively
impact skeletal integrity and egg quality, particularly during
an extended production cycle lasting through 90 weeks of
age.

Key Words: calcium; phosphorus; layers; blood; acid-base
status

65  Changes in gene expression in shell gland and
kidney related to the onset of egg production in
commercial laying hens. Rahab Garcia'*, Micaela
Sinclair-Black!, Lyssa Blair!, Rosalina Angel?>, Bibiana
Jaramillo’, Xabier Arbe*, David Cavero®, Laura Ellestad',
University of Georgia, Athens, Georgia, United States,
2University Of Maryland, College Park, Maryland, United
States, 3lluma Alliance, Durham, North Carolina, United
States, “H&N International, Bangkok, Thailand.

At the onset of egg production in laying hens, changes in
pathways regulating calcium (Ca) and phosphorus (P)
uptake and utilization for shell mineralization must occur,
and many of these changes are regulated by vitamin D3. The
objectives of this study were to 1) determine changes in
gene expression associated with vitamin D3 action and Ca
uptake in kidney and shell gland prior to and after onset of
lay and 2) evaluate effects of dietary supplementation with
la-hydroxycholecalciferol [1a(OH)Ds] on these changes.
Kidney and shell gland were collected from Nick Chick
hens (H & N North America) fed developer diet prior to the
onset of lay (18 wks; n=8) and at early peak production (31
wks) from hens fed either a control or loa(OH)D;-
supplemented onset diet for 14 wks prior to sampling
(n=8/diet). Levels of mRNA were measured by RT-qPCR,
and target genes were normalized to glyceraldehyde 3-
phosphate dehydrogenase in kidney and /8S ribosomal
RNA in shell gland. Data were analyzed by one-way
ANOVA followed by the test of least significant difference
when ANOVA indicated significance (P<0.05). Changes in
mRNA expression were not influenced by diet, however
several age effects were found. In kidney, mRNA
expression of vitamin D receptor (VDR) did not differ
between 18 and 31 wks; however, the VDR heterodimeric
partners retinoid-X-receptor alpha (RXRA) and gamma
(RXRG) were higher at 31 wks (P<0.05). Two transporters
required for Ca uptake, plasma membrane Ca ATPase and
transient receptor potential vanilloid 6, and the cytoplasmic
Ca chaperone calbindin (CALBI) all increased at 31 wks in
kidney (P<0.05). Expression of three P transporters,
sodium/phosphate cotransporter 1 and inorganic phosphate
transporters 1 (P;7-/) and 2 (P;T-1l) also increased at 31 wks
(P<0.05), with P,7-/ having a dramatic 10-fold increase in
expression. In shell gland, expression of VDR increased at
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31 wks (P<0.05), but RXRA and RXRG did not differ
between ages. Carbonic anhydrase, required for formation
of bicarbonate that can be used for calcium carbonate
deposition in eggshell, increased at 31 wks in shell gland
(P<0.05), and CALBI showed a remarkable 35-fold
increase at 31 wks in this tissue (P<0.05). Like kidney,
expression of P;7-I and P;T-/] was greater at 31 wks in shell
gland (P<0.05), with Pi7-/ exhibiting a 9-fold increase.
Although unaffected by dietary 10(OH)Ds, changes in gene
expression related to the physiological regulation of Ca and
P metabolism necessary for eggshell formation at the onset
of lay were demonstrated. These include an increased
capacity for mineral reabsorption or excretion in the kidney
and Ca utilization by the shell gland. In both tissues, PiT-1
appears to be the primary transporter mediating P flux.

Key Words: kidney; vitamin D3; shell gland; calcium
transport; phosphorus transport

66  Utilizing the 3D environment to facilitate learning
of complex neural pathways in the bird brain. Parker
Straight'*, Paul Gignac?, Wayne Kuenzel', 'University of
Arkansas, Fayetteville, Arkansas, United States, *University of
Arizona, Tucson, Arizona, United States.

Neuroanatomical pathways are challenging to study often
due to the limit of techniques used to visualize their
anatomical and physiologic characteristics. In many studies,
a neural pathway is presented using 2D representations for
structural connectivity. A problem is deciding which of
three planes: coronal, sagittal, or horizontal is best for
visualizing the pathway’s components clearly and spatially
precise for those wanting to learn and utilize that
information. A 3D environment would be imperative to
solving this issue. We therefore attempted to develop a
means of accurately presenting detailed anatomical
structures within the 3D regions they occurred, including
dendrites, cell bodies, axons and synapses. It is our hope that
accurate, spatial representations of neural pathways will
result in learning specific structures, their subdivisions, and
their  spatial organizations. Recent technological
advancements, such as diffusible iodine-based contrast-
enhanced computed tomography (diceCT), has allowed for
nondestructive visualization of an appropriately fixed brain.
In other words, it allows one to immunostain the entire
brain, and visualize any of the three planes without
damaging the specimen. We have chosen the visual
tectofugal pathway in the brain as it is one of the most well
studied systems that seems to have much disparity in the
anatomical organization and connectivity. This pathway
begins in the eyeball with retinal ganglion cells projecting
to the optic tectum which in turn sends projections to a
thalamic nucleus. This thalamic nucleus then projects to a
region of the forebrain, completing the ascending pathway.
For our investigation we employed two techniques: stacked
series of histologic sections of chicks, and diceCT scanning
of an entire chick brain. For histological sections, we used
3 birds to produce series of coronal, sagittal, and horizontal



sections stained with Nissl (cell bodies revealed) and
Giemsa (fiber tracts revealed). Sections were imported into
Brainmaker (Microbrightfield Biosciences), a software that
stacks image sequences and produces a 3D model. For our
diceCT investigation, we rendered the eyeball and brain
within the skull of the bird. Post model processing was
necessary to incorporate detailed 2D images in the
appropriate plane of the 3D environment. Using the diceCT
scanned brain, histological image stacks, and 3D editing
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software, we created an interactive 3D model of the avian
visual tectofugal pathway. The combination of
histochemical sections with diceCT 3D modeling is
necessary when detailed anatomical and spatial
organization of complex pathways such as the tectofugal
visual system are desired.

Key Words: 3D modeling; vison; diceCT; avian neural
pathway; image processing
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67  Poultry industry and welfare-focused survey
responses over four semesters of undergraduate
students in an introductory poultry science course.
Meaghan Meyer'*, Elizabeth Bobeck!, ‘lowa State
University, Ames, lowa, United States.

Understanding how science-based instruction may alter
views of the poultry industry is an important part of
improving university instruction as well as engaging with
consumers. The research objectives were to quantify the
effects of student background, carecer interests, and a
semester of science-based education on opinions of current
issues faced by the poultry industry. Undergraduate students
enrolled in a Poultry Science course at Iowa State
University between 2018-2021 were surveyed at the start
and end of the semester as part of a four-year study. Surveys
were collected anonymously on paper with self-assigned
code names used only to identify and compare responses
before and after taking the course. Students who opted to
take the survey were first asked to answer three
demographic questions regarding 1) their level of farm-
animal experience, 2) sex, and 3) current career goals
(poultry industry, other livestock industry, or non-animal
industry). The remainder of the survey consisted of 16
“poultry issue statements” where students were directed to
mark a vertical line on a 130mm horizontal line indicating
their level of agreement/disagreement with each statement.
Post-survey collection, the 130mm line was separated into
5 sections for categorization and analysis: responses within
0- 20% indicated strongly disagree, 21-40% indicated
disagree, 41-60% indicated neutral, 61-80% indicated
agree, and responses within 81-100% indicated strongly
agree. The number of students surveyed varied slightly by
year based on enrollment and number of students present in
class for both the pre- and post-course survey. Numbers
from 2018-2021 were as follows: 29, 27, 26, and 26
students. Responses were analyzed using Proc Mixed in
SAS Version 9.4 (Cary, N.C., U.S.) with a Tukey-Kramer
adjustment for all pairwise comparisons using main effects
obtained from demographic questions (livestock
experience, sex, and career industry goals) as well as the
main effects of education (pre- or post-instruction) and year.
Responses to various issue statements were affected by
students’ livestock experience (P<0.05; 6 out of 16
statements affected), sex (P<0.05; 5 out of 16 statements),
and ultimate career goals (P<0.05; 3 out of 16 statements).
Further, in 3 out of 16 poultry issue statements, the year of
instruction affected student response (P<0.05). Pre- versus
post-education responses differed significantly in 6 out of
16 statements (P<0.05). These data indicate that student
background, sex, and career interests impact opinions of
relevant topics in the broiler and layer industries.
Knowledge provided through education as well as the year
the course was taken over consecutive semesters altered
student opinions.
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68 Development and publication of interactive online
poultry embryology education modules. Ashley Bigge'*,
Josephine Foley!, Sheila Purdum!, ‘University of Nebraska-
Lincoln, Lincoln, Nebraska, United States.

Online education for K-12 classroom learning has been
growing in recent years, especially in the wake of the
COVID-19 pandemic. The Hippology Academy series from
eXtension Horses, Inc. has found great success in teaching
through the use of online education materials, but such a
program did not previously exist for poultry. Our primary
objective was to create accessible and affordable materials
appropriate for a variety of age groups, from 4-H youth to
adults. Priority was given to developing an online
embryology module. Embryology yields a high degree of
interest in K-12 science classes and Nebraska 4-H poultry
project enrollment. The modules were designed to also
incorporate information relevant to backyard flock owners,
and increase familiarity with commercial practices and
standards. The embryology course design model included
one main lesson module accompanied by two supplemental
topics. We determined the following development cycle to
be effective. Modules were developed using Articulate 360
software, particularly Storyline 360. These drafts were
reviewed and edited until a final draft was ready for external
review by county extension educators prior to publication.
The ideal platform for publication needed to be as accessible
as possible, support the files we would need hosted, and
have the ability to collect analytics. We chose the online
eXtension Foundation Campus site which uses a Moodle
server as its learning management system. Several means of
assessment were incorporated within each course including
a pre-module quiz and embedded questions within each
lesson. The modules are self-paced, so the learner can freely
retake assessments until they attain a grade they are satisfied
with. The results of all assessment attempts are reported on
eXtension, along with other data such as course and activity
views, interactions, and completion. The first embryology
module series was released early March 2022, coinciding
with the spring arrival of fertile eggs and chicks. Social
media, email, and extension newsletters were among the
methods of promotion used. As of April 15, 2022 the
embryology course summary has been viewed 87 times, has
2 currently enrolled students, and 1 course completion. We
expect learner engagement to increase over the coming
months, especially as we continue to add to our content
library. Future module developments will cover other 4-H
and FFA projects, such as poultry judging.

Key Words: education; online; learning management
system; course design; embryology



69  Validation of iQ® sensing rodent traps for
efficient and effective rodent management. Torey
Fischer'*, Jason Fields!, Steve Von Haden? Seth Keller?,
Darrin Karcher!, 'Purdue University, Lafayette, Indiana, United
States, °Motomco, Windsor, Wisconsin, United States.

Rodents can cause a multitude of problems in poultry
houses including loss of feed, building damage and decrease
in other production values. Rodents are also known to carry
certain bacterial diseases that impact poultry, such as
salmonellosis and mycoplasmosis. Technologies involving
Bluetooth® and automated data uploads have evolved into
a new approach to rodent management. These traps come
with a battery, sensor and antenna, which are all water and
weather-proof. The sensors collect timestamps of rodent
activity and communicate via Bluetooth iQ® Bell Sensing
Technologies® (BST) App. The objectives of this trial were
to validate the use of iQ rodent monitoring products,
powered by BST, for effectiveness compared to normal
traps, changes on time and labor, and effectiveness to reduce
rodent populations in a poultry facility. A variety of traps
were placed in three different buildings at the Purdue
Poultry Unit. Comparisons of iQ to traditional products
allowed us to look at service time differences in the first two
buildings. Building 1 had 12 Tomcat® Live Catch iQ rodent
traps, 24 Tomcat® Bullet® iQ rodent bait stations, 12
traditional live catch, and 24 traditional rodent bait stations
placed throughout the barn. The live catch traps were
serviced 9 times over a 3-month period and the bait stations
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were serviced 11 times over a 4-month period. Building 2
had 26 Bullet iQ Rodent Bait Stations and 26 traditional bait
stations (non-iQ) placed and serviced 11 times over a 4-
month period. Building 3 had 18 Bullet iQ Rodent Bait
Stations placed and serviced 11 times over a 4-month
period. The data collected were analyzed using a paired t-
test in R. The trial results reported a 49%-time savings
(p=0.003) when using iQ live trap products compared to
manually checking live-catch traps in Building 1, in
addition to a reduction in rodent activity in all poultry
buildings. The average reduction in rodent activity across
the buildings was about 98.6% (p=0.003). The results found
higher catch rates using iQ products in live catch devices
over a 3-month period (p=0.0006). These iQ traps and bait
stations were able to provide data about rodent movement
in the buildings. Data collected by the iQ products is
automated and can be easily accessed and sent to any
Bluetooth enabled smart phone or tablet, which is often
more accurate than manual pen and paper recording with
traditional traps. New technologies like these could be
useful for laying hen facilities to meet FDA compliance.
These results demonstrate that a new approach for rodent
management could be valuable to poultry producers and
other livestock species in more efficiently and effectively
managing rodents.

Key Words: poultry; technology; rodent; live traps; bait
stations
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70 Effect of body weight trajectories on broiler
breeder efficiency, fat deposition, and uniformity during
rearing. Thiago Noetzold!*, Martin Zuidhof', !University of
Alberta, Edmonton, Alberta, Canada.

A study was designed to analyze the effect of broiler breeder
pullet BW on efficiency, fat deposition, and uniformity. We
hypothesized that early BW growth would increase BW,
abdominal fat pad, and FCR; and that BW uniformity would
be higher in a precision feeding (PF) system compared to a
conventional (CON) system. Two concurrent PF studies
plus a standard CON system were implemented to 21 wk of
age. A total of 678 day-old Ross 308 broiler breeder females
were randomly assigned to various BW trajectories. In both
PF studies the BW trajectories were designed using a 3-
phase Gompertz model ([endif]-->, where g; was the
amount of gain occurring in phase i; b; was the rate of
maturing of phase i; / was the inflection point of phase j;
and r was age (wk). Both PF experiments had a 2 x 6
factorial treatment arrangement. Experiment 1 (Expl)
trajectories had 2 levels of g (prepubertal growth):
standard, where g; was equivalent to the phase 1 growth
estimated from the breeder-recommended (BR) target, or a
20% shift from g, (pubertal growth) to g;; and six I, ranging
from 15 to 23 wk. Experiment 2 (Exp2) trajectories had two
rates by: standard or 50% greater; and six shifts of growth
from g; to g1, ranging from -10 to 40% of BR g,. CON birds
were grown to the BR target BW. Body weight and feed
intake (FI) of CON birds were recorded once per week. Feed
intake and BW were recorded daily, and abdominal fat pad
weight was recorded at 21 wk of age in the PF system. FCR
and coefficient of variation (CV) for BW were calculated
weekly. PF experiments were submitted to 3-way ANOVA,
with g; and I, (Exp1) or bs and g> to g shift (Exp2), and age
as sources of variation. ANCOVA was used to analyze
abdominal fat pad data. Comparisons among CON and PF
systems were made using a 2-way ANOVA with feeding
system and age as sources of variation. BW differed
according to the respective BW trajectories in both PF
system experiments (P < 0.05). In Expl, I, did not affect
FCR, but standard g; pullets had a lower FCR (3.77)
compared to the 20% shift from g, to g; (3.85; P <0.05). In
Exp2, b, did not affect FCR, but FCR increased as gain was
shifted from the pubertal to prepubertal phase (P < 0.05). At
21 wk of age, fat pad increased 0.22% per wk that I, was
advanced in Expl (P < 0.05), but fat pad did not differ in
Exp2. BW CV was 0.9% in the PF system compared to
18.4% in the CON system (P < 0.05). In summary, early
BW gain increased FCR, and the PF system yielded
substantial uniformity improvement.

Key Words: broiler breeders; multiphasic growth; pubertal;
prepubertal; precision livestock feeding

71 Bedding  Management  for Suppressing
Particulate Matter in Cage-free Layer Houses. Ramesh
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Bist'*, Lilong Chai', Prafulla Regmi'!, Darrin Karcher?,
Yangyang Guo!, Casey Ritz!, Woo Kim!, Deana Jones?, Amit
Singh!, University of Georgia, Athens, Georgia, United
States, *Purdue University, West Lafayette, Indiana, United
States, 3USDA Agricultural Research Service, Athens,
Georgia, United States.

Cage-free (CF) hen houses tend to have high levels of
particulate matter (PM) due to presence of bedding/litter
floor and birds’ activities of perching, dustbathing, and
foraging on it. Optimizing bedding management has
potential to suppress PM levels. The objective of this study
was to test the effect of top application of different new
bedding materials on PM levels. This study was conducted
in four identical CF layer rooms/facilities. Each CF aviary
room consisted of four sections with 576 hens in total (144
hens per section; usable floor space of 1,132 cm?/hen. Fine
shavings (FS), large flake shaving (LFS), and aspen wood
chips (AWC) were top spread on the surface of original litter
evenly in the treatment rooms at 20% volume of original
litter floor (initial litter depth was 4.8+0.8, 4.9+1.0, and
4.7+0.9 cm in FS, LFS, and AWC room), respectively. The
fourth room (litter depth was 4.6+0.6 cm) was used as the
control without new bedding materials. Prior to the test of
new bedding materials, the moisture content of bedding
materials was measured as 17.2+1.9%, 18.5+0.8%,
17.1+£2.3%, and 17.8+1.3% in control, FS, LFS, and AWC
room, respectively. The PM concentrations were measured
with TSI DustTrak-8533 sensors in the center of each
section at 0.35 m height above the litter floor manually
twice a week (9-10 am in the morning) over six weeks.
Meanwhile, air temperature (T) and relative humidity (RH)
were monitored continuously with HOBO sensors. The PM
levels in the treatment and control rooms were analyzed
with two-way ANOVA in JMP Pro-16. The difference was
considered significant at p<0.05. Results show that the top
application of new bedding materials had significant effect
on PM reduction (p<0.01). The PM concentrations in the
AWC room (i.e., 0.69 mg m=-PM, s, 1.67 mg m=3-PMy, and
2.67 mg m>-TSP-total suspended particles) were lower than
the control room (i.e., 0.95 m3-PM,s, 2.32 m>-PM,, and
3.74 mg m>-TSP) by 27.3, 28.3, and 28.7%, respectively.
Reductions on PM» s, PMjo, and TSP levels in SF and LFS
were similar (13.3-15.8%). For litter quality post-treatment,
the moisture content was 18+2.5, 20+2.7, 20.6+2.4,
19.7£3.7% in the control, FS, LFS, and AWC room,
respectively. The control room had drier litter than three
treatment rooms (p<0.05). The four rooms had similar air
T/RH during the test (i.e., 23.1°C/65%, 22.8°C/67%,
23°C/65%, 23°C/66% in control, FS, LFS, and AWC room,
respectively). Findings of this study show that topping new
bedding on old litter is a potential strategy for suppressing
dust in CF houses. Further studies such as the effect of
different ratios of new bedding on PM control, the cost



analysis, and the verification tests in commercial CF houses
are warranted.

Key Words: animal welfare; Egg production; litter quality;
bedding materials

72 The effects of preening cups on production and
body condition in grow-out Pekin ducks. Jenna
Schober'*, Mallory Swanson!, Victoria Tetel!, Esther
Oluwagbenga!, Drew Frey?, Heidi Parnin?, Marisa Erasmus',
Gregory Fraley!, ‘Purdue University, Lafayette, Indiana,
United States, *Culver Duck Inc., Middlebury, Indiana,
United States.

Previous studies found that open water access increased
litter moisture that leads to decreased production and
increased mortality in commercial Pekin ducks. Other
studies have found that open water access allows for natural
preening behaviors and improved production. Preening cups
have been suggested as an alternative to open water that
would allow ducks to express preening behaviors. We set
out to test the hypothesis that preening cups at a much
higher density than utilized in industry would not have
detrimental effects on the ducks or their environment. To
test our hypothesis, 260 grow-out ducks were obtained from
a commercial hatchery. Ducks were evenly and randomly
placed into 2 pens in each of 2 rooms at Purdue’s research
farm. Ducks were housed to closely approximate industry
standards for density. Preening cups were placed 1 per pen
on Day 18 of life. The control pens only had nipple lines (8
ducks per nipple). The study was repeated with the preening
cup and control pens swapped giving a final N = 4 pens per
treatment. Ammonia levels were recorded in 3 places per
pen weekly. Body weights of 30 ducks per pen were
recorded weekly. Body condition scores were assessed on
50 birds per pen weekly. On Day 18 and Day 40, 5 ducks
per pen were euthanized using FatalPlus (pentobarbital 396
mg/ml/kg) and their spleens, bursa, liver, and uropygial
glands were weighed. Body condition scores were analyzed
using Wilcoxon test and all other data were analyzed using
a Student’s t-test. The pen was the statistical unit for all data.
No significant differences were observed in body weight at
any age, nor in growth rates between groups. Organ weights
were analyzed relative to body weights, however no
significant differences were observed. No significant
differences were observed between the two groups for any
body condition score; however, feather scores were higher
(thus worse, p = 0.06) in ducks with preening cups
compared to controls. No significant differences were
observed in any production, environmental, or necropsy
data (p > 0.1). Previous studies have suggested that ducks
raised without open water sources are not able to preen and
thus show greatly reduced uropygial gland size; however,
with the preening cups used in this study, no differences
were found, suggesting that open water is not necessary to
maintain feather condition and uropygial gland size. Our
study shows that even at a very high density of ducks per
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preening cup, their presence does not adversely affect the
ducks or their environment.

Key Words: open water; preening

73 The Effect of Stocking Density on Commercial
White Egg Layer Physical Egg Quality. Benjamin Alig!*,
Kenneth Anderson?, Ramon Malheiros?, ‘North Carolina State
University, Wake Forest, North Carolina, United States, >North
Carolina State University, Raleigh, North Carolina, United
States.

Stocking density remains a major welfare concern for
commercial egg producers, due to the perception by
consumers about excess stress on hens. Furthermore, many
consumers also claim that eggs from these high stress
environments are lower in quality. Therefore, it is important
to validate these claims and determine if stocking density
can affect physical egg quality. We hypothesized that higher
densities would have a negative effect on egg quality. A
total of 720 hens in five different density treatments
consisting of 6 birds (208 in%/bird), 9 birds (139 in*/bird), 12
birds (104 in?/bird), 15 birds (83 in%*/bird) and 18 birds (69
in%/bird) were examined in colony cage environments.
Shaver whites were used for this study. There were six
replicates represented by 2 cages of each treatment in
colony cages measuring 48 in by 26 in. The laying cycle
began at 17 weeks of age with a base period of 4 weeks for
feed weigh backs and egg quality measurements and lasted
for 12 periods. Physical egg quality parameters (shell color,
yolk color, Haugh unit, albumen height, shell strength and
vitelline membrane strength) were measured during periods
2,4,6,8, 10 and 12. Each test utilized six eggs per replicate.
Statistical analysis was performed utilizing JMP 15.2 and
Tukeys HSD for multiple comparisons. The effects were
density, period and the interaction and a p value < 0.05 was
per considered significant. Overall, we found that stocking
density did not have a statistically significant effect on the
afore mentioned quality parameters measured. For example,
shell ~strength measured 5.13kg/mm, 5.19kg/mm,
5.18kg/mm, 5.05kg/mm and 4.98kg/mm with a standard
deviation of 0.062kg/mm for 6, 9, 12, 15 and 18 birds per
cage, respectively. Haugh unit measured 89.2, 8§9.9, 90.3,
90.0 and 89.6 with a standard deviation of 0.40 for 6, 9, 12,
15 and 18 birds per cage respectively. Finally, vitelline
membrane strength measured 2.15g/mm, 2.19g/mm,
2.09¢/mm, 2.17g/mm and 2.76g/mm with a standard
deviation of 0.26g/mm for 6, 9, 12, 15 and 18 birds per cage
respectively. In conclusion, we must reject our hypothesis
that higher densities yield poor quality eggs, and accept that
stocking density does not affect physical egg quality of
white egg laying hens.

Key Words: Stress; Egg Quality; Stocking Density; Egg
Layers; Haugh Unit

74  Effectiveness of ventilation shutdown in an aviary
housing system. Andrea Mendoza'*, Shawna Weimer?
Zachary Williams?, 'Michigan State University, Lansing,



Michigan, United States, ‘University of Arkansas,
Fayetteville, Arkansas, United States, 3Michigan State
University, Holt, Michigan, United States.

The vast outbreak of highly pathogenic avian influenza
(HPALI) that occurred in the United States in 2015, resulted
in the death of 49.6 million commercial birds. AVMA
approved depopulation methods available, such as foam,
containerized gassing, mechanical methods etc., can be
problematic when depopulating commercial laying hen
barns. Ventilation shutdown plus heat and/or CO, (VSD+)
is approved only for emergency situations when no other
method is available. VSD+ heat causes a decrease in
humidity, and CO; can be a logistical and safety concern.
Steam provides both heat and humidity, which limits hens’
ability to reduce body heat through evaporative cooling or
panting. Therefore, the objective of this experiment was to
evaluate the effectiveness of VSD with steam as an
alternative “plus” for depopulation of laying hens in a cage
free system. Approximately 1,800 Lohmann Brown hens
aged 56 weeks were reared in cage free aviaries (Big
Dutchman Natura 60) in four rooms. Each room housed 450
hens and was further divided into three sections with 150
hens per section. Four VSD treatments were as follows: 1)
control VSD+ heat to 41°C (VSD-H), 2) VSD with steam to
41°C (VSD-S), 3) VSD with heat to 41°C and then steam to
maintain temperature (VSD-HS), and 4) VSD with steam to
41°C and then heat to maintain temperature (VSD-SH).
Hens were monitored via cameras for time to first mortality
and time to 100% mortality. Location of bird carcasses
within each tier of the system (floor area, 1* tier, 2" tier and
nest boxes) was also observed. Data were analyzed in SPSS
v. 28 and significance was at P<0.05. Time to first mortality
and last death for VSD-H, VSD-S, VSD-HS, and VSD-SH
were 82.7 min and 180 min+; 56.6 min and 112.3 min; 49.6
min and 83.3 min; and 52 min and 103.6 min respectively.
Hens in rooms with steam were significantly faster
(P<0.0001) in reaching time to first mortality and 100%
mortality than the control VSD-H treatment. There was a
greater (P<0.0001) number of carcasses found in 1 tier
than the floor area for VSD-HS treatment compared to
VSD-SH and VSD-S treatments. Treatments that utilized
steam were comparable in their ability to successfully
depopulate laying hens based on the time to 100% mortality.
The results indicate that steam alone or in combination with
heat, can be used as an alternative “plus” for VSD+
depopulation of laying hens reared in a cage free system.

Key Words: aviary; depopulation; laying hens; steam; VSD

75 Reference Point Indentation: A novel method of
assessing skeletal quality in poultry. Brittney Emmert'*,
Cara Robison?, Thomas Siegmund', Gregory Fraley', Darrin
Karcher', 'Purdue University, West Lafayette, Indiana,
United States, *Michigan State University, East Lansing,
Michigan, United States.

Noninvasive methods of assessing poultry bone
biomechanics are lacking. Currently, the only relevant in
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vivo imaging method is quantitative computed tomography
(qCT), which is not easily accessible and involves transport
of birds off-farm, introducing biosecurity risks. The ability
to evaluate skeletal quality throughout a bird’s life is needed
to determine the impacts of treatments on bone over time.
Reference point indentation (RPI) is a portable method of
assessing bone biomechanical properties through a
microindentation of the bone and has not been utilized in
poultry. The technique has been successfully used in vivo in
mammals, but ex vivo validation in poultry is needed. The
objective was to validate RPI ex vivo by comparison to
traditional methods using Pekin duck bones. Femurs, tibiae,
and humeri from the left limbs were obtained from five
market-age Pekin ducks. The fifteen bones were qCT
scanned and analyzed for bone mineral density (BMD).
Bone length was measured, and marks drawn at 25, 50, and
75% of the total length (proximal, midpoint, and distal
location markers, respectively). For RPI assessment, bones
were placed in a custom rig that prevented rotation. The
BioDent™ RPI system was used on the anterior side of the
bone at the three marked locations. Three measurements
were taken at each location: at the drawn mark, and 2 mm
above and below the mark. Data collected from RPI include
indentation distance increase (IDI; difference in
microindentation depth between the first and last loading
cycle; indicator of bone resistance) and 1% cycle unloading
slope (US; indicator of material stiffness). Humeri and
tibiae were subjected to a 3-point bending test for fracture
force at the midpoint of the bone. Data were analyzed using
the COR function in R. All RPI measurement locations
within each bone were averaged for correlations to BMD,
and only RPI measurements from the midpoint were used
for correlations to fracture force. When data for all bones
are pooled together, IDI was inversely correlated with BMD
(r=-0.72, p = 0.002), and US was correlated with BMD
(r=10.62, p=0.01). Fracture force tended to be correlated
with IDI (r = 0.59, p = 0.07) and inversely correlated with
US (r=-0.63, p = 0.05). Generally, lower IDI and higher
US values are preferred and indicate stronger bone. The
negative correlation between IDI and BMD, and the positive
correlation between US and BMD demonstrate that RPI can
obtain results comparable to qCT. The RPI technique shows
promise in evaluating poultry skeletal quality and provides
a quicker, less laborious approach than qCT. The finding
that RPI results do not appear to be related with fracture
force requires further investigation.

Key Words: bone; breaking strength; computed
tomography; Pekin duck; reference point indentation

76  Assessment of late-stage thermal manipulation on
broiler chicken embryonic mortality and hatchability.
Jorge Banegas'*, Brittany Wall!, Martha Rueda Lastres',
Jeremiah Davis!, Joseph Purswell?, Charles Starkey!, Jessica
Starkey!, ‘Auburn University, Auburn, Alabama, United
States, *Mississippi State, Starkville, Mississippi, United
States.



Incubation temperature is one of the most important factors
determining chicken embryo development and hatchability.
Interest in the impact of thermal manipulation (TM) during
critical periods of broiler embryogenesis has been renewed.
Timing and duration of TM can alter egg moisture loss,
embryonic mortality, hatchability, and chick weight (BW).
The objective was to evaluate the effect of TM during the
late-stage incubation on hatch characteristics in high-
yielding broilers. Ross 708 x Yield Plus broiler breeder eggs
(4 90-egg trays per incubator; total n = 2,160) ranging from
60 to 65 g were pre-warmed at 24 °C for 8 h and incubated
at 37.5 °C and 65% RH from embryonic day (ED) 0 to 11.
From ED 11 to 18, eggs were incubated at 1 of 3
temperatures: 37.5 °C (CTL), 36.4 °C (COLD), or 38.6 °C
(HOT; n = 2 incubators per TM treatment). On ED 18, all
eggs were individually weighed to determine moisture loss
and transferred to baskets in hatchers set to 36.7 °C with
60% RH. After 514 h of incubation, all chicks from all
hatchers were removed simultaneously, vent sexed, and
weighed. Embryonic mortality (early, middle, late, and total
dead; pipped; malpositioned) was assessed on all unhatched
eggs 6 h after chick processing. Data were analyzed as a 1-
way (TM) or 2-way (TM x sex) ANOVA with the
GLIMMIX procedure of SAS (v9.4). Means were separated
with the PDIFF option at P < 0.05. Tendencies were
declared when 0.0501 <P< 0.10. Pre-incubation egg
weights were similar among all treatments (P = 0.5037).
Moisture loss tended to be greater in eggs from HOT
incubators (8.4%) compared with those from COLD
incubators (7.6%) but were similar to those incubated at
CTL temperatures (8.3%; P= 0.0793). No differences
among hatch of fertile, early, middle, and total dead, pipped,
or malpositioned chicks as well as proportions of male and
female chicks were observed among treatments
(P>0.1463). A 1.1 °C temperature gradient during late-
stage incubation (from ED 11 to 18) tended to increase late-
dead embryonic mortality in both COLD and HOT
incubators compared with those at CTL temperatures (P =
0.0932). No TM x sex interaction was observed for chick
weight at hatch, yolk-free chick weight, or residual yolk
weight (P > 0.0566). Yolk-free chick weights and residual
yolk weights from COLD incubators were heavier than
those from HOT and CTL (P < 0.001). Chick hatch weight
decreased as late-stage incubation temperature increased
(P <0.001) and is likely due to differences in hatch pattern
among TM treatments. Late-stage incubation (ED 11 to 18)
temperature gradients as little as 1.1 °C can alter late-stage

embryonic mortality and chick weights at hatch
underscoring the importance of careful hatchery
management.

Key Words: broiler chicken; hatchability; incubation;
thermal manipulation; embryonic mortality

77  Evaluation of thermal variation during early-
stage incubation on broiler chicken growth
performance, carcass characteristics, and the breast
meat quality defects, Wooden Breast and White
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Striping. Brittany Wall'*, Martha Rueda Lastres', Jeremiah
Davis!, Joseph Purswell?, Charles Starkey!, Jessica Starkey',
"Auburn University, Auburn, Alabama, United States,
2United States Department of Agriculture, Mississippi State,
Mississippi, United States.

Temperature changes during early-stages of incubation
have shown to have contradicting effects on chick quality
and post-hatch performance. The objective was to evaluate
effects of temperature differences during early-stage
incubation on broiler performance, carcass characteristics,
and the incidence and severity of 2 meat quality defects.
Ross 708 x Yield Plus broiler breeder eggs (n =2,160) were
incubated at 37.5 °C from embryonic day (ED) 0 to ED 3.
On ED 4, COLD incubator setpoints were decreased to 36.4
°C, HOT incubator setpoints increased to 38.6 °C, and CTL
incubators remained 37.5 °C (n = 2 incubators per
treatment). On ED 11, HOT and COLD incubators were set
to 37.5 °C until ED 18 when eggs were transferred to
hatchers. Chicks were blocked by incubation treatment and
sex (n = 6 replicates per treatment), reared in floor pens (30
birds per pen), fed a common diet in 3 phases (starter d 0 to
9, grower d 10 to 23, and finisher d 23 to 32), and processed
at d 34. Incidence and severity of Wooden Breast (WB) and
White Striping (WS) were determined 24 h post-processing
by manual palpation. Data were analyzed as a 2-way
ANOVA using SAS PROC GLIMMIX with incubation
temperature and sex as main effects. The PDIFF option was
used for mean separation at P < 0.05 and tendencies were
declared at P< 0.10. No incubation temperature X sex
interactions were observed. While chicks from COLD
incubators were heavier at placement (P < 0.0001), they
were lightest on d 9, 23, and 32 post-hatch. Greater overall
BWG was observed in HOT and CTL birds compared with
those from COLD incubators (P = 0.0285). Birds from CTL
incubators had greatest overall feed intake (FI; P = 0.0084).
Male birds had increased BWG and FI (P < 0.0001), lower
FCR during the grower phase (P = 0.0109), greater carcass
part yields (P < 0.0001), and greater incidence of WS and
WB severity compared with females (P < 0.012). Birds
from the COLD incubators tended to have a 25-g reduction
in breast weight (412 vs. 438 and 443 g; P = 0.0656) which
resulted in a 6% decrease in breast meat yield compared
with those from CTL and HOT incubators (P = 0.004).
Thigh weight also tended to be negatively impacted by the
early-stage COLD incubation treatment compared with
HOT and CTL (P = 0.0848), whereas drum weight (P =
0.0049) and yield (P = 0.0363) were reduced in birds
incubated with both the COLD and HOT treatments
compared with CTL. Altering incubation temperature
during early-stage incubation (ED 4 to 11) did not impact
WB or WS incidence or severity (P> 0.3762). Overall,
these results underscore the importance of careful
incubation temperature management during early-stage
incubation to optimize broiler growth performance and
carcass yields.



Key Words: Incubation; Thermal manipulation; Broiler
chicken; Growth performance; Wooden Breast

78  Effect of translucency and eggshell color on
broiler egg hatchability and hatch chick weight. Leticia
Orellana Galindo'*, Duarte Neves*, James Krehling', Raquel
Burin?, Patricia Carvalho®', Leopoldo Almeida®!, Andrea
Urrutia', Luis Munoz!, Cesar Escobar Lobo!, Matthew
Bailey!, Bernardo Chaves-Cordoba', Marco Rebollo*,
Kenneth Macklin', ‘Auburn University, Auburn, Alabama,
United States, *Universidade Federal do Rio Grande do Sul,
Porto Alegre, Rio Grande do Sul, Brazil, SUFPR, Curitiba,
Parana, Brazil, *Zimpro Corp, Eden Prairie, Minnesota,
United States.

A successful hatch has a considerable economic impact for
all poultry companies. Previously several eggshell quality
parameters such as eggshell weight, thickness, strength, and
density have been demonstrated to impact hatchability. The
aim of the current study is to describe the possible effects of
eggshell translucency (1-3) and color (dark and light)
parameters on hatchability and hatch chick weight. A total
of 4320 eggs from Ross 708 breeder hens between 50 and
55 weeks of age were used for this study, where 1080 eggs
were selected for these two parameters each day for 4
consecutive days (different flock each day). Eggshell
translucency, color, and thickness were assessed during the
egg’s enrollment, while hatchability and chick weight were
measured on day 21. For the evaluation of eggshell
translucency, a 3-point subjective scoring system was used
as the main categorical parameter based on the amount, size,
and coverage of spot areas or mottling in the eggshell (1 =
low, 2 = medium, 3 = high). Eggshell color from dark to
light was evaluated using an electronic colorimeter. For egg
thickness a noninvasive ultrasound gauge was employed.
Data for this experiment was 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
suggest that the color of eggshell was related to initial egg
weight (IW) (P = 0.0056) on the day of collection and egg
weight (FW) (P =0.0211) on day 18 of incubation, in both
cases dark eggs were heavier IW =67.05 g, FW =60.72 g)
than light eggs (IW = 66.49 g, FW = 60.09 g). Dark eggs
had ~3.75% more eggs hatch from those set (P = 0.0481)
and had a greater thickness (P=0.0019) (417.47 um)
compared to light eggs (411.72 um). Regarding
translucency, final egg weight (P = 0.0358) was observed to
be higher with score 1 eggs (60.74 g) compared to those
with a score of 3 (59.92 g). Translucency score of 1 also had
~6.91% higher hatchability of eggs set (P = 0.0127) and
greater chick weight (P = 0.0385) (45.79 g) in comparison
to eggs with a translucency score of 3 (45.10 g). However,
eggshell thickness was thinner (P <0.0001) in eggs that had
a translucency score of 1 (393.77 um) than eggs that had a
score of 2 (422.41 pum) and score of 3 (427.60 pm). An
interaction (P = 0.0292) was observed for eggshell
thickness, color, and translucency, where the eggs classified
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as light and translucency of 1 had a thinner eggshell
compared to those that were dark and had a translucency
score of 3. It was concluded that dark colored eggs with a
translucency score of 1 had the best effects on hatchability
and chick weight.

Key Words: hatchability; eggshell; color; chick-weight;
thickness

79 Evaluating the effect of day length (24, 20, 18
hours) during brooding on broiler performance. Garret
Ashabranner'*, Michael Czarick!, Brian Fairchild', 'University
of Georgia, Athens, Georgia, United States.

In an effort to maximize early chick performance, broilers
are typically grown with minimal to no dark period during
the first week of growout. This is in stark contrast to
previous resear