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Student Competition: Metabolism and Nutrition I

1   Effect of different fat sources in parental diets on nutrient 
metabolism in pigeon squabs. Xueping Wan*1, Peng Xie3, Xinyang 
Dong1, Xiaoyun Zhang1, Zhu Bu2, and Xiaoting Zou1, 1Zhejiang 
University, Hangzhou, China, 2Chinese Academy of Agricultural Sci-
ences, Yangzhou, China, 3Huaiyin Normal University, Huaian, China.

This study evaluated the effect of different fat sources in parental diets 
on nutrient metabolism in pigeon squabs from hatching to 28 d of age . 
Parent White King pigeons (240 males and 240 females) were randomly 
assigned to 4 dietary treatments, which were fed a basal diet supple-
mented with 3% lard oil (LO), palm oil (PO), soybean oil (SO) or fish oil 
(FO), respectively, each including 6 replications of 10 pairs (one pair per 
cage) . A total of 480 newly hatched squabs were randomly allocated, and 
2 squabs were raised by a pair of parent pigeons . After 4 weeks of feeding 
trial, samples were collected from squabs . Very low-density lipoprotein 
(VLDL), low-density lipoproteins (LDL), high-density lipoprotein 
(HDL), triacyglycerol (TG), total cholesterol (TC) and free fatty acid 
(FFA) were measured in serum . Fat content (percentage of dry matter), 
cholesterol (mg/100g raw meat) and fatty acid composition (percentage 
of identified fatty acids) were evaluated in breast meat. Small molecule 
(metabolite) profiles in liver samples were analyzed by GC-MS. Data 
were analyzed by one-way ANOVA with 5% significance. LO and PO 
diets showed higher serum TC level, fat content and cholesterol in breast 
muscle of squabs than those in FO diet group (P < 0 .05) . Serum VLDL, 
LDL, HDL, TG and FFA levels of squabs were enhanced in LO group 
compared with FO group (P < 0 .05) . FO diet group showed the highest 
proportions of gondoic acid (C20:1n-9), eicosadienoic acid (C20:2n-6), 
eicosapentaenoic acid (C20:5n-3), C20:6n-3 and lignoceric acid (C24:0) 
in breast muscle (P < 0 .05) . Compared with SO diet, LO and PO diets 
increased the proportions of palmitic acid (C16:0), palmitoleic acid 
(C16:1), stearic acid (C18:0) and oleic acid (C18:1), and decreased 
the proportions of linoleic acid (C18:2n-6), linolenic acid (C18:3n-3), 
gondoic acid (C20:1n-9) and eicosadienoic acid (C20:2n-6) in breast 
muscle (P < 0 .05) . In squab liver, the concentrations of 9 metabolites 
including glycine, propionic acid, phosphoric acid, pentadecane, cho-
lesterol, glucose, mannose, inositol and pyrimidine were significantly 
affected by fat sources (P < 0 .05) . These results indicated that dietary 
oils included in parental pigeon diets were effective in changing the 
nutrient metabolism in squabs, and these 9 metabolites above could be 
used as makers to detect hepatic metabolism of pigeon treated with oil 
supplementation in diets .

Key Words: fat, nutrient metabolism, oils, GC-MS, pigeon squabs

2   Comparison of two net energy calculations of two broiler 
strains with varying levels of metabolizable energy in two dif-
ferent temperatures. Katie Hilton*2, Garret Mullenix2, Michael 
Schlumbohm2, Justina Caldas2, Judith England2, Maria Cortes2, 
Victor Naranjo1, and Craig Coon2, 1Evonik Nutrition & Care, Hanau-
Wolfgang, Germany, 2University of Arkansas, Fayetteville, AR.

The purpose of this study was to determine the interaction of dietary 
metabolizable energy (ME), broiler strain, and temperature on energy 
efficiency from d 22 to d 43. Two thousand four hundred and thirty 
chicks from 2 genetic lines (line A and line B) were fed 3 experimental 
diets starting on d 22 . One trial was completed during cold temperature 
and one trial during hot temperature . True metabolizable energy (TMEn) 
values of diets determined in vivo were 2819, 3137, and 3452 kcal/kg . 
Amino acids in all diets were formulated to AMINOChick2 .0 recom-

mendations, with dLys at 1 .0% and other amino acids set as a ratio to 
dLys: Met+Cys, 0 .76; Thr: 0 .65; Val: 0 .80; Ile: 0 .71; Arg: 1 .05, and 
Trp: 0 .16 . Heat production was measured using respiratory chambers . 
HP Kcal = 3 .872 × VO2 (L/d) + 1 .195 VCO2 (L/d) (Farrell, 1974) was 
measured for 1d . After HP was measured, fasting heat production (FHP) 
was measured for 24h . Heat increment was determined (HI) = HP – FHP 
(Farrell, 1974) . Body composition was measured on d 22 and d 42 by 
dual energy x-ray absorptiometry (DEXA) to determine net energy of 
gain (NEg, NEg = protein grams × 5 .66 + fat gain grams × 9 .35) . Two 
NE equations were compared; Classic NE (kcals) = ME-HI versus 
Arkansas NE (kcals) = NEg + NEm, where NEm (net energy mainte-
nance) = HP – HI . NE percent (NE %) of gross energy was calculated 
by %NE = NE/TMEn of the diet . Calorie difference (CD) between the 
2 equations was calculated CD = Arkansas NE (kcals) – Classic NE 
(kcals) . No difference between genetic line, diet, or temperature was 
found for d39–44d for HP, HI and NEm . Birds fed increasing amounts 
of energy had increasing amount of NEg (P < 0 .0001) . Line A birds had 
55 g more (P = 0 .0087) NEg compared with Line B birds . Furthermore, 
birds in hot temperature had 238 g more (P < 0 .0001) NEg than birds 
grown in cool temperature . During hot temperature, the Arkansas equa-
tion recovered 640 kcals more (P = 0 .0342) than the classic NE equa-
tion . Furthermore, the Arkansas equation recovered over 100% of the 
calories (%NE) for line, diet and temperature . This study indicates that 
the Arkansas equation is more accurate in accounting for NE calories 
compared with the classic NE equation .

Key Words: net energy, heat production, body composition, metabo-
lizable energy, indirect calorimetry

3   Evaluation of manganese methionine in laying hens diet. 
Xiaoyun Zhang*, Xinyang Dong, Minyao Zhou, and Xiaoting Zou, 
Zhejiang University, Hangzhou, China.

The experiment was conducted to evaluate the supplementation effects 
of manganese methionine in laying hens diet . Parameters of laying 
performance, fat metabolism, antioxidant indices, and immunoglobulin 
contents were determined . A total of 480 hens Jinghong No .1 (53~62 
weeks) with similar performance were distributed into 5 treatments with 
6 replicates of 16 birds (4 birds in one cage) . Birds in the control group 
were fed on a basal diet containing 60 mg/kg MnSO4 (as a manganese 
basis) . In the experimental groups, birds were supplied with manganese 
methionine (Mn-Met) diets at graded levels of 20, 40, 60, 80 mg/kg (as a 
manganese basis) . Methionine content in all treatments were uniformed 
by addition of crystalline methionine . The trail consisted of 1 week for 
acclimatization and 9 weeks for testing . Feed residues were collected 
and weighed weekly to estimate the average daily feed intake (ADFI) . 
Eggs from each replicate were counted and weighted daily to calculate 
laying rate, egg weight and feed conversion rate (FCR) . At the terminal 
of the test, 60 birds (2 birds from one replicate) underwent 24 h fasting 
were sampled for specimens of serum, liver, and ileum . Results were 
analyzed by one-way ANOVA of SPSS (17 .0) and expressed as mean 
± SE . The results indicated that the levels of ADFI in 40 mg Mn-Met/
kg group significantly increased (P < 0 .05) by 3 .23% in comparison 
with that of the control group . Contents of the serum total cholesterol 
(T-CHO) in 60 and 80 mg Mn-Met/kg groups were respectively declined 
(P < 0 .05) by 37 .60% and 33 .87% in comparison with those of the 
control group . Activity of serum glutathione peroxidase (GSH-Px) in 
60 and 80 mg Mn-Met/kg groups were increased (P < 0 .05) by 23 .02% 
and 26 .44% compared with that of the control group . Activity of liver 
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total antioxidant capacity (T-AOC) in 60 mg Mn-Met/kg group was 
increased (P < 0 .05) by 25 .64% in comparison with that of the control 
group . Content of serum immunoglobulin A (IgA) in 40 mg Mn-Met/kg 
group was increased (P < 0 .05) by 20 .88% in comparison with that of the 
control group . In conclusion, we suggest that a Mn-Met level above 40 
mg/kg may have a positive effect on improving feed intake, suppressing 
fat deposition, enhancing antioxidant function, and increasing antibody 
production than those of the control group (60 mg/kg MnSO4) .

Key Words: manganese methionine, laying performance, fat metabo-
lism, antioxidant indices, laying hens

4   Effects of various cultivars of hulled and hulless barley on 
broiler amino acid digestibility and performance. Kolby Foltz*, 
Levi Gardner, Stuart Hill, Carl Griffey, Wynse Brooks, Wade Thoma-
son, and Michael Persia, Virginia Tech, Blacksburg, VA.

Two experiments (Exp) were conducted to determine the apparent amino 
acid (AA) digestibility of 9 cultivars of either hulled or hulless barley 
using a precision-fed broiler chick assay (Exp 1) and performance of 
0–21 d old broilers fed diets containing 10% hulled or hulless barley 
included in either ground or whole form compared with a corn/soybean 
meal-based diet (Exp 2) . In Exp 1, 28-d-old broiler chickens (72 total) 
were fasted for 12 h, precision-fed 10 g of the respective ground barley, 
and placed into 18 battery cages (4 chicks per cage) for a 4 h holding 
period after which ileal contents (pooled by cage) were collected to 
determine apparent ileal AA digestibility of each barley cultivar . In 
Exp 2, 240 d-old broiler chicks were randomly allotted to cages (6 
chicks/cage; 0 .06 m2/chick) in a CRD and assigned to one of 5 dietary 
treatments with 8 replications/treatment . Dietary treatments included 
a corn/soybean meal diet (CON), diets with 10% ground hulled barley 
(HG) or whole hulled barley (HW), and diets with 10% ground hulless 
barley (HLG) or whole hulless barley (HLW) . Body weights (BW), feed 
intake (FI), and mortality corrected feed conversion ratio (FCRm) were 
calculated for the 21 d period . On d 21, all birds were euthanized and 
gizzard weights (g and % BW) were determined . Data were subject to 
one-way ANOVA with α set at 0.05. Post hoc comparisons were made 
using Fisher’s LSD and linear contrasts of hulled vs hulless and ground 
vs whole barley . Apparent ileal AA digestibility was not affected (P > 
0 .05) by barley cultivar . However, the total AA content of hulless cul-
tivars was numerically higher and resulted in increased total digestible 
AA content (P ≤ 0.01) in hulless vs hulled cultivars. In Exp 2, FI was 
similar (P > 0 .05) among treatments, while 21 d BW was reduced (P = 
0 .05) in broilers fed diets with HLG, HG, or HW in comparison to CON, 
and HLW was intermediate . Gizzard weight (% BW) was increased by 
feeding hulled or whole barley (P = 0 .02) and was greater in HW (P < 
0 .01) than all other treatments . These data suggest that hulless barley 
cultivars provide an increased nutritional (i .e ., AA) value over hulled 
cultivars, and that both fiber content and feed structural form (i.e., whole 
vs ground grain) play a role in gizzard development .

Key Words: hulless barley, AA digestibility, performance, whole-
grain, broilers

5   Effects of crumble particle size on d0-14 Ross × Ross 708 
male broiler performance. Mark Lemons*1, Christopher McDaniel1, 
Joseph Moritz2, and Kelley Wamsley1, 1Mississippi State University, 
Mississippi State, MS, 2West Virginia University, Morgantown, WV.

Recent research in our laboratory demonstrated that crumble particle size 
(1000 or 1800 µm) fed from d0–14 influenced d0–53 broiler performance 
and processing characteristics . Therefore, the objective of the current 

study was to more precisely evaluate the effects of crumble particle 
size on d0–14 broiler performance in an effort to determine an optimal 
crumble particle size for this growth phase . One nutritionally common, 
commercially relevant diet was manufactured and ground using a roller 
mill to create 5 treatments varying in particle size (1201, 1335, 1675, 
1760, and 2172 µm) . A total of 1,600 Ross × Ross 708 male broilers 
were obtained from a commercial hatchery and equally allocated to 80 
pens . One bird per pen (within 5 g of the pen’s mean on d14) was chosen 
for d15 gastrointestinal measurements; however, no clear connection 
was made with observed performance . Variables were analyzed in a 
randomized compete block design using one-way ANOVA . Addition-
ally, linear, quadratic and cubic regression analyses were performed . 
Crumble particle size did not affect d14 BW, CV of d14 BW or d0–14 
BW gain (P > 0 .05) . Linear and quadratic relationships were not estab-
lished for d14 BW or d 0–14 BW gain and crumble size (P > 0 .05) . A 
quadratic relationship was found between CV of d14 BW and crumble 
particle size, demonstrating that uniformity decreased as particle size 
increased (P = 0 .001, R2 = 0 .999) . Broilers provided crumbles of 1760 
or 2172 µm resulted in an approximate 3 point improvement in d0–14 
feed conversion ratio in comparison to broilers receiving crumbles of 
smaller particle size (P = 0 .001) . Additionally, linear regression using 
treatment means demonstrated an improvement in d0–14 feed conver-
sion ratio as crumble particle size increased (P = 0 .034,R2 = 0 .822) . 
Moreover, this linear relationship predicted a 0 .004-point improvement 
in d0–14 feed conversion ratio for every 100-μm increase in crumble 
particle size . However, due to this linear relationship, optimal particle 
size might not have been reached in the current study . Therefore, future 
research in our laboratory will focus on further expanding the particle 
sizes tested from d0–14 to identify the optimal crumble particle size 
during this growth phase .

Key Words: crumble, particle size, broiler performance, feed manu-
facture, dietary phase

6   Physicochemical characterization of feed-grade zinc oxide 
sources. Denise Cardoso*1, Yves Chevalier2, and Agnes Narcy3, 
1ANIMINE, Sillingy, France, 2University of Lyon, Villeurbanne 
Cedex, France, 3INRA, Nouzilly, France.

The bioavailability of a trace mineral source is related to its in vivo 
solubility, which in turn is determined by its physicochemical prop-
erties . It is still not clear which characteristics are more relevant in 
affecting solubility and bioavailability of feed compounds . Zinc oxide 
(ZnO) is a common feed additive used to supplement zinc in the diet of 
monogastric animals . However, different sources have shown different 
responses in animal bioavailability . This project aims to characterize 
different feed grade ZnO to better clarify their fate in the digestive tract 
and significant differences in bioavailability. Over 25 samples of ZnO 
have been collected from the feed industry worldwide . Three represen-
tative samples from USA (ZnO-USA), Brazil (ZnO-BRA) and HiZox 
(Animine, France) were analyzed and compared for physicochemical 
properties . Particle size was assessed by low-angle laser light scattering . 
Agglomerate size distributions were calculated to Mie theory . Size and 
shape of structures were determined by transmission electron micros-
copy (TEM) and scan electron microscopy (SEM). Specific area and 
porosity of the powder were assessed by nitrogen adsorption applied to 
BET theory . HiZox presented large agglomerates (between 100 and 200 
µm) and small aggregates (<100µm) . ZnO-USA and ZnO-BRA did not 
differ from aggregates and agglomerates, in which both showed particle 
size lower than 100µm . SEM suggested that ZnO-USA and ZnO-BRA 
were grinded dense materials, while HiZox showed aggregates having 
a sponge internal structure . TEM demonstrated ZnO-USA were made of 
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platelets, not forming aggregates . ZnO-BRA presented rod-like crystals 
forming aggregates . HiZox showed platelets forming aggregates . HiZox 
showed a porous high specific area, while ZnO-USA and ZnO-BRA 
have a very low specific area and they are not porous. The different 
physicochemical characteristics of zinc oxides sources can affect their 
solubility resulting in variable bioavailability . A systematic study is 
being developed to understand this relationship .

Key Words: zinc oxide, characterization, bioavailability, solubility

7   Impacts of xylanase and β-glucanase inclusion in corn-soy 
diets on performance, relative gizzard weight, energy digestibility 
and volatile fatty acid production of male broilers. Kyle Brown*1, 
Cody Flores1, Gemma González-Ortiz2, and Jason Lee1, 1Texas A&M 
University, College Station, TX, 2AB Vista, Marlborough, United 
Kingdom.

The objective of the current experiment was to evaluate the inclusion of 
xylanase and β-glucanase separately and in combination in a corn-soy 
based broiler diet on growth performance, relative gizzard weights, ileal 
digestible energy (IDE) and ileal volatile fatty acid (VFA) concentra-
tion . Seven hundred 20 male Cobb 500 broiler chicks were placed in 4 
experimental treatments: control, xylanase (16,000 BXU/kg), glucanase 
(20,000 BU/kg) and the combination of both . Each treatment had 10 
replicate pens, with 18 animals . On d 42, 3 broilers per replicate were 
randomly selected to evaluate gizzard and intestinal tract weights . Addi-
tionally, ileal contents were collected for the determination of IDE and 
VFA concentration . Data were analyzed via a 2 × 2 factorial ANOVA 
with main effect means deemed significantly different at P ≤ 0.05. Fol-
lowing the starter phase, the inclusion of β-glucanase increased (P < 
0 .01) average body weight (BW) and improved (P < 0 .001) mortality 
corrected feed conversion rate (FCR) . During the grower phase, the 
inclusion of xylanase increased (P = 0 .012) BW, reduced (P = 0 .001) 
grower FCR, and reduced (P < 0 .001) cumulative FCR through 33 d 
of age . The inclusion of xylanase continued to improve (P = 0 .002) 
FCR during the finisher phase. At the conclusion of the experiment, 
xylanase reduced weight adjusted FCR as compared with the control 
and cumulatively through d 42 (P ≤ 0.001). The addition of β-glucanase 
increased (P = 0 .019) IDE of the diet . An interaction between xylanase 
and β-glucanase was observed on relative gizzard weight (P < 0 .05) 
as the combination of both enzymes yielded the lowest relative giz-
zard weight . Acetic acid concentration of ileal contents was increased 
(P = 0 .05) with the inclusion of xylanase . These data indicate that 
improvements associated with xylanase and β-glucanase may in fact be 
independent. Interestingly, the inclusion of β-glucanase improved early 
growth performance and energy digestibility in a corn/soy diet that is 
low in β-glucans. Continued investigation into this mechanism is needed. 
Evaluation of diets with a diverse ingredient profile and enzyme substrate 
content is needed to confirm whether these observations are robust.

Key Words: broiler, energy, corn, xylanase, glucanase

8   The effects of diet formulation and degree of processing 
on 18-d broiler performance and amino acid digestibility. Ariel 
Bergeron*, John Boney, and Joseph Moritz, West Virginia University, 
Morgantown, WV.

Advantages associated with improving feed form via pelleting are well 
documented; however, the effects of pelleting on nutrient digestibility 
are not as well understood . Nutrient digestibility may be dependent 
on diet formulation and degree of thermal processing . Current study 
objectives were to assess broiler performance and amino acid digest-

ibility when fed diets that differed in formulation and degree of thermal 
processing . Basal diets were corn, soybean meal, and DDGS based 
and formulations were balanced to be similar in energy and digestible 
amino acids . Treatments were arranged in a 3 × 3 factorial that varied 
in diet formulation (Basal, Basal+ Meat and Bone Meal (MBM), and 
Basal+ Bakery Byproduct (BBP)) and degree of thermal processing 
(Unprocessed Mash, Pellet, Double Pellet) . Pelleted treatments were 
steam conditioned at 85°C for 10 s, extruded through a 4 .7 × 38 mm 
pellet die, and crumbled . Double Pellet treatments were produced by 
conditioning and pelleting the crumbled Pellet treatment . Diets were 
fed to 9 replicate raised wire cages of 10 straight-run Hubbard × Cobb 
500 broilers chicks for 18 d . Data were analyzed using a 3 × 3 factorial 
arrangement in a randomized complete block design . Broilers provided 
a Basal+MBM diet improved FCR (P = 0 .0046) when compared with 
other diet formulations . Regardless of degree, broilers provided a 
thermally processed diet improved FCR (P = 0 .0003) . Formulation 
and processing effects interacted to affect LWG (P = 0 .0349), cysteine 
digestibility (P < 0 .0001), and lysine digestibility (P < 0 .0001) . Improve-
ments to LWG were apparent when thermally processed diets contained 
either Basal or Basal+MBM . Similar improvements to LWG were not 
apparent when thermally processed diets contained Basal+BBP . Birds 
provided thermally processed Basal+BBP diets had decreased cysteine 
and lysine digestibility . Perhaps, amino acid digestibility detriments 
were attributed to Maillard reacting complexes . In conclusion, thermally 
processed diets containing Basal+ BBP showed detrimental effects to 
broiler performance and amino acid digestibility .

Key Words: thermal processing, diet formulation, nutrient digestibil-
ity, performance, amino acid digestibility

9   Evaluating the response of Cobb 500 × MV broilers to 
varying amino acid density regimens for a small bird program. 
Rosana Hirai*1, Leonel Mejia2, Cesar Coto2, Justina Caldas2, Christo-
pher McDaniel1, and Kelley Wamsley1, 1Mississippi State University, 
Mississippi State, MS, 2Cobb-Vantress, Siloam Springs, AR.

Primary breeder companies are continuously striving to improve existing 
commercial broiler crosses to improve performance and reduce cost . 
Therefore, the objective of this study was to evaluate the response of a 
new commercial broiler cross (Cobb 500 × MV) under 4 different AA 
density (AAD) regimens on live performance and carcass yield during 
a 32- and 35-d grow-out period . A total of 1,431 fertilized eggs were 
obtained from a 37-wk-old broiler breeder flock, weighed and equally 
distributed to 3 Natureform incubators . Chicks were wing banded as 
they hatched and weighed . Two basal diets were formulated to Low 
AAD (LAAD; Dig Lys 1 .08, 0 .95 and 0 .87% for Starter, Grower and 
Finisher) and Very High AAD (VHAAD; Dig Lys 1 .39, 1 .26 and 1 .12%) . 
Medium and High AAD (MAAD and HAAD) diets were created by 
mixing the LAAD and VHAAD diets at ratios of 66 .6:33 .3 and 33 .3:66 .6, 
respectively . The study utilized a randomized complete block design 
comprised of 4 treatment combinations being represented by 12 replicate 
floor pens (16 chicks; 0.07 sq m/bird), for a total of 48 floor pens. Results 
showed that FI was reduced (P < 0 .05) at D0–32 when birds were fed 
the VHAAD diet . In contrast, birds fed the HAAD and VHAAD dietary 
treatment had reduced FI at D0–35 . As AAD increased, FCR decreased 
significantly (P < 0 .05) in a stepwise manner by approximately 4 points 
at each AAD level . Birds fed the LAAD dietary treatment had the lowest 
(P < 0 .05) BWG when compared with birds fed MAAD, HAAD and 
VHAAD diets at D0–32 but was similar (P > 0 .05) at D0–35 . Males 
had a higher (P < 0 .05) BW than females at D11, 21, 32 and 35 . For 
D33 and D36 processing data, birds fed LAAD diet had the lowest (P 
< 0 .05) breast, tender, drumstick and thigh weights when compared 
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with the other dietary treatments . In addition, breast meat yield was 
reduced (P < 0 .05) when birds were fed the LAAD diet at D33 and 
D36 . At D36, males were observed to have higher (P < 0 .05) breast, 
tender, drumstick and wing weights . Drumstick yield was optimized (P 
< 0 .05) for males during both processing periods . Increasing AAD in 
diets fed to commercial broilers optimized live performance and carcass 
yields. An economic analysis is needed to evaluate the profitability of 
each AAD diet .

Key Words: amino acid density, lysine, live performance, processing 
yield

10   Uptake of ten minerals in Cobb 500 yolk during incubation 
and after hatch. Ryan Hopcroft*, Wendy Muir, and Peter Groves, 
University of Sydney, Sydney, New South Wales, Australia.

Chick residual yolk has been linked with leg strength (Oviedo-Rondon 
and Wineland, 2012; Angel, 2007) . This study observed yolk mineral 
levels to determine if they had bearing on bone ash measures . Ca, Cu, 
Fe, K, Mg, Mn, Na, P, Sr and Zn were measured in the yolk of eggs 
from Cobb 500 breeders, 53 weeks of age, using ICP-AES . Eggs were 
incubated in 6 Multiquip E3 incubators at an EST of 37 .8°C throughout 
the first 18 d of incubation. Yolk, including the yolk sac membrane, was 
collected from 36 eggs at each of embryonic days (ED) 0, 6 .5, 13 .5, 
and 17 .5 . Remaining eggs were then transferred to a hatching incubator 
with individual cells for eggs, allowing for the identification of chicks. 
Hatch time of chicks was recorded in 6-h intervals, starting from 468 h 
of incubation (HOI) . 66% of birds had hatched by 486 HOI . One day 
before placement (ED20 .5) (H), 24 birds hatching by 486 HOI were 
sampled for weight, length, and tibial bone ash . Their yolk sacs were 
removed, weighed, and used for later mineral analysis . At placement 
(ED21 .5) (P), remaining chicks were taken off from the hatcher, distrib-
uted into cages and received a standard starter ration . 46 chicks were 
sampled at both P and 3 d after P (D3) . Results were subject to ANOVA 
with sample time as independent variable . Yolk Cu, Fe, Mn, P and Zn 
decreased at each point during incubation . Yolk Na and K increased 
by ED6 .5, then decreased . Yolk Ca, Mg and Sr decreased from ED0 to 
ED6 .5, then increased until hatch . From H to P, all yolk mineral totals 
significantly decreased, besides Fe and Mn. The daily changes in yolk 
mineral levels between ED17 .5 to H, H to P and P to D3 sample times 
were calculated as percentages of the ED17 .5 value . Mn was the only 
mineral to have its lowest absorption during the 24-h unfed period of 
H to P – all other minerals had rates at least 3 times higher than Mn . 
Between H and P, birds grew in length by 0 .6cm (P < 0 .01), and had 1 .5% 
lower BA% (P = 0 .06) . This could be associated with the low yolk Mn 
absorption, relative to other minerals, during this time . Mn is required 
to produce chondroitin sulfate in cartilage, which may be an essential 
step in bone mineralization . The possibility of low yolk Mn absorption 
after hatch, and Mn importance in bone mineralization are areas that 
should be investigated . Rural Industries Research and Development 
Chicken Meat, Australia provided funding for both the project and a 
scholarship for Ryan Hopcroft .

Key Words: yolk, incubation, leg strength, manganese, hatch time

11   Evaluation of a super-dose of phytase in reduced nutrient 
density diets on laying hen performance. Kyle Smith*1, Hunter 
Walters1, Nelson Ward2, and Jason Lee1, 1Texas A&M University, 
College Station, TX, 2DSM Nutritional Products, Ringoes, NJ.

The objective of the current experiment was to evaluate the impact of 
a super-dose (1800 FTU/kg) of phytase on laying hen (HyLine W36) 

performance between 18 and 60 wk of age . The design for the current 
experiment included 3 dietary treatments with an industry type positive 
control diet (PC), a negative control (NC), and a dietary treatment that 
included a super-dose of phytase in addition to the NC . Each treatment 
consisted of 12 replicates with each replicate consisting of 3 cages with 
3 hens per cage for a total of 324 laying hens . Statistics were run using 
a Fit model in JMP 12 with treatment being a fixed effect, and means 
were analyzed using Student’s t-test . Compared with the PC, the NC 
had reductions of 0 .1% calcium, 0 .1% available phosphorus, and 0 .02% 
sodium . The diets were fed in 3 phases according to the breeder recom-
mendations based on egg production . Phase 1 was fed from wk 18 to 35, 
phase 2 from wk 36 to 52, and phase 3 from wk 52 to 60 wk of age . Egg 
quality was measured in 4-wk intervals to monitor treatment effects with 
egg weights taken weekly . The reduction in nutrients in the NC diet led 
to a reduction (P < 0 .01) in lay rate compared with the PC . Inclusion of 
phytase in the NC increased lay rate compared with both the NC and PC 
fed laying hens . Average egg weight was also negatively impacted by 
the reduction of minerals in the NC compared with the PC . Inclusion of 
phytase increased (P < 0 .05) average egg weight compared with the NC 
diet . The reductions in lay rate and egg weight resulted in an increased 
(P < 0 .01) feed conversion ratio calculated on a feed to egg weight 
basis in the NC fed layers as compared with the PC diet . The addition 
of phytase to the NC reduced (P < 0 .01) feed conversion ratio to that of 
the PC . In summary, the addition of the super-dose of phytase was able 
to eliminate performance related reductions in the NC diet with reduc-
tions in calcium, phosphorus, and sodium and elevate lay rate to levels 
beyond those of a mineral sufficient diet without enzymatic inclusion.

Key Words: phytase, super-dose, performance, layer, egg

12   Evaluation of multiple phytase enzymes and levels on 
broiler performance when utilizing an elevated phytase matrix 
value including minerals, energy, and amino acids. Christopher 
Eagleson*2, Kyle Smith2, Yueming Dersjant-Li1, Milan Hruby1, and 
Jason Lee2, 1DuPont Industrial Biosciences, Woodbury, MN, 2Texas 
A&M University, College Station, TX.

Matrix values are used in feed formulation programs to apply nutrient 
values to feed ingredients including phytase . A randomized complete 
block design trial was conducted to determine the effects of 2 bacterial 
phytases (A and B) supplemented at 500 and 1,000 FTU/kg on live 
performance during 3 phases (starter from d 1–10, grower from d 10–21 
and finisher from d 21–42). A total of 2580 d-old Cobb male broilers 
were assigned to 6 dietary treatments each containing 10 replicate pens . 
The treatments consisted of a positive control (PC), negative control 
(NC), and the NC with the addition of phytase A or phytase B at 500 
and 1,000 FTU/kg, respectively . The separation of between the PC and 
NC diets was a matrix value which may potentially be used for 1,000 
FTU/kg being 0 .187% aP, 0 .159% Ca, 0 .041% Na, 74 kcal/kg ME, and 
dig lysine (ranging from 0.038% to 0.029% from starter to finisher), 
dig total sulfur amino acids (ranging from 0 .032% to 0 .026% from 
starter to finisher), and dig threonine (ranging from 0.031% to 0.024% 
from starter to finisher). All data were subjected to an ANOVA using 
the GLM Procedure. Means were seemed significantly different at P ≤ 
0 .05 and separated using Duncan’s Multiple Range Test . A 2 × 2 facto-
rial was used to determine the impact of enzyme and level on evaluated 
parameters . Removal of nutrients equal to the matrix value decreased 
(P < 0 .05) growth performance in the NC fed broilers compared the PC 
fed broilers throughout the trial . Phytase inclusion regardless of level 
or source improved (P < 0 .05) growth performance compared with the 
NC . On d 10, 1,000 FTU/ kg was required to reach performance metrics 
similar to the PC diet with Phytase A having an elevated (P < 0 .001) 
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BW compared with PC continuing through d 21 . Factorial analysis 
indicated performance separation based on source and level with phytase 
A having elevated (P < 0 .05) BW compared with phytase B and 1,000 
FTU/kg improving FCR (P < 0 .05) and BW (P < 0 .05) compared with 
500 FTU/kg . On d 42, inclusion of 1,000 FTU/kg resulted in BW and 
FCR similar to the PC diet . These data indicate that a more aggressive 
approach to matrix values can be utilized in diet formulation and that 
the proposed matrix values are suitable for a 1,000 FTU/kg inclusion 
rate, however, phytase source will influence results.

Key Words: phytase, performance

13   Evaluation of a phytogenic feed additive on turkey poult 
performance and nutrient digestibility. Charles Zumbaugh*2, G . 
Raj Murugesan1, and Michael Persia2, 1Biomin America Inc., San 
Antonio, TX, 2Virginia Tech, Blacksburg, VA.

In recent years, there has been a growing interest in feeding phytogenic 
products to poultry for their growth and health benefits. The objective of 
this experiment was to determine the effects of phytogenic feed additives 
on turkey poult performance over a 6-week brooding period . A total of 
864 male Hybrid Converter turkey poults were obtained from a com-
mercial hatchery and randomly placed into one of 3 experimental groups 
varying by diet . The 3 diets included a corn-soy diet with no additives 
(PC), a similar corn-soy diet with a 1 .5% reduction in protein and key 
amino acids (NC), and the same NC diet with Digestarom (PFA) included 
at a rate of 1 g/kg . Each experimental unit (EU) consisted of 24 poults, 
with 12 EU per treatment . Poults were placed in pens with clean pine 
shavings, and provided ad libitum access to diets and water throughout 
the experiment . Mortality were recorded daily, and feed disappearance 
and body weight (BW) were measured on d 14, 28, and 42 to determine 
feed intake (FI) and mortality corrected feed efficiency (FE). On d 28 
and 42, trays with wire mesh covers were placed into each pen for 48 h 
to collect fresh excreta for AMEn determination . Data were analyzed as 
an ANOVA using PROC GLM in SAS and Fisher’s LSD test to separate 
means, with significance defined at P ≤ 0.05. There were no differences 
in mortality among the treatments at any time period . On d 14, PFA fed 
birds had higher BW than either PC or NC fed birds (P ≤ 0.01). On d 
28, there were no differences in BW or FI among the treatments, but 
the PC fed birds had improved FE compared with the NC fed birds (P 
≤ 0.05). On d 42, the PC fed birds had increased BW (2,533 g/bird) 
in comparison to the NC fed birds (2,430 g/bird), while the BW of the 
PFA group was similar to that of the PC (2,511 g/bird; P ≤ 0.01). Feed 
intake did not differ among the treatments, but the PC still resulted in 

improved FE, 548 g/kg or 1 .82 feed conversion ratio (FCR), compared 
with both the NC, 526 g/kg or 1 .90 FCR, and the PFA diets, 527 g/kg 
or 1 .90 FCR (P ≤ 0.01). Overall, after the 6-wk experimental period 
during brooding, poults fed the PC diets had higher BW and improved 
FE in comparison to the NC fed poults, and the addition of Digestarom 
to NC diet returned poult BW to that of the PC fed birds, but not FE .

Key Words: nutrition, body weight, feed efficiency, protein sparing, 
amino acid

14   Effect of hydrolyzed yeast and yeast cell wall as alternatives 
to zinc bacitracin on performance of broilers from 1 to 42 days. 
Jose Rivera*2, Lucio Araújo2, Melina Bonato1, Ricardo Barbalho1, 
Liliana Borges1, and Cristiane Araujo2, 1ICC Brazil, São Paulo, São 
Paulo, Brazil, 2University of São Paulo, Pirassununga, São Paulo, 
Brazil.

The aim of this study was to evaluate the effect of addition of hydro-
lyzed yeast and yeast wall in diets of chicken raised in litter used in 
a commercial farm . For this, 840 chicks (1 d of age) Hubbard were 
distributed in a totally randomized design with 5 treatments and 14 
replicates of 12 animals each . The period was divided in 4 phases: pre-
initial (1–7 d); initial (8–21 d); growth (22–33 d) and final (34–42 d). 
The treatments were: Control diet (conventional diet based on corn and 
soybean meal); Control diet + Zinc Bacitracin 0 .005% (BAC); Control 
diet + hydrolyzed yeast (Hilyses, ICC Brazil) 0 .1% from 1 to 7 d and 
0 .05% from 8 to 42 d (HY1); Control diet + hydrolyzed yeast (Hilyses, 
ICC Brazil) 0 .5% 1–7 d and 0 .05% from 8 to 42 d (HY2); Control 
diet + yeast wall cell (Immunowall, ICC Brazil) 0 .05% from 1 to 42 
d (YCW) . The feed intake (FI) and body weight were measured at the 
end of each phase . Based on this, FI (g/d), body weight gain (BWG, 
g/d) and feed conversion ratio (FCR, g/g) were calculated . Mortality 
was monitored and recorded daily . Data obtained were analyzed with 
GLM (SAS) procedure and means were compared by Tukey test (P < 
0 .05) . Considering the total period, the treatment with YCW improved 
numerically the FCR (P < 0 .05) when compared with other treatments . 
However, in a contrast test, the treatments HY1 and YCW showed a 
better FCR (P < 0 .05) compered with the control . The analysis of the 
data allows concluding that in chickens reared in a poultry litter used 
in commercial farm, the use of hydrolyzed yeast and yeast wall in diet 
improve the FCR without altering the other production parameters, 
considering a reared period of 1 to 42 d .

Key Words: antibiotic, nucleotides, nutrition, poultry, Saccharomy-
ces cerevisiae
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15   Effect of corn particle size during the starter and grower 
periods on broiler performance. Andrea Rubio*, Allan Pinto, 
Joseph Hess, and Wilmer Pacheco, Auburn University, Auburn, AL.

A considerable portion of the poultry industry is recently using around 
650 µm to 850 µm feed particle size throughout the production period 
of broilers . However, previous research suggests that maturing birds 
require coarser particles, which can improve FCR and gastro-intestinal 
(GIT) function . The objective of this study was to evaluate the effect of 
corn particle size on live performance of broilers during the starter and 
grower periods . Twelve hundred 1-d old male Ross × Ross 708 broiler 
chicks were randomly distributed in 40 floor pens (30 birds per pen; 
0 .10 m2/bird) . The birds were raised on used litter that was top-dressed 
with new fine-shavings at the beginning of the study. Two experiments 
were conducted that consisted of 4 dietary treatments (10 replicate pens 
per treatment) in which broilers received different particle size depend-
ing on the feeding phase. In the first trial, the dietary treatments were 
674 ± 1 .86 µm, 741 ± 2 .10 µm, 805 ± 2 .32 µm, and 912 ± 2 .17 µm in 
the starter period from 1 to 14 d of age . In the second trial, a common 
starter diet was offered in a crumble form . Dietary treatments were 
629 ± 2 .42 µm, 763 ± 2 .52 µm, 814 ± 2 .66 µm, and 1779 ± 2 .63 µm 
from 14 to 28 d of age . The grower was provided in a pelleted form . 
Data were statistically evaluated using ANOVA procedure and means 
were separated by Tukey honestly significant different procedure. The 
experimental design consisted of a 1-way treatment structure using a 
randomized complete block design with pen location being the blocking 
factor . Feed intake (FI) and body weight (BW) were determined at 14 
and 28 d of age . Feed conversion ratio (FCR) was calculated by adding 
the BW of dead birds to the BW of live birds in each pen . There were no 
statistical differences between the treatments during the starter period 
in the first trial (P > 0 .05) . In addition, the particle size of corn did not 
influence BWG, FI, and FCR in the second experiment from 14 to 28 
d of age . At the end of the trial, there were no statistical differences 
between the treatments during the starter and grower periods (P > 0 .05) . 
The results of this experiment indicated that a coarser corn particle size 
could be fed during the starter and grower periods without a negative 
effect on broiler performance .

Key Words: coarse, feed, particle, performance, period

16   Evaluation of an encapsulated sodium butyrate with vary-
ing releasing times on broiler performance, energy digestibility, 
gut development and Salmonella colonization. Jundi Liu*2, Haci 
Bayir2, Douglas Cosby1, Nelson Cox1, and Justin Fowler2, 1US 
Department of Agriculture, Athens, GA, 2University of Georgia, 
Athens, GA.

This study evaluated an encapsulated sodium butyrate (Na-B) with 
varying releasing time on broiler performance, energy digestibility 
and intestinal development with a nalidixic acid resistant Salmonella 
Typhimurium (STNAR) challenge . A total of 792 Cobb-Cobb male broil-
ers were placed 11 birds per pen with 6 replicates for each treatment 
into battery cages . Na-B was encapsulated and the varying releasing 
times were verified by an in vitro assay (King Techina Group), target-
ing a 2 h (CMA) and 3–4 h (CMP) releasing time product . The study 
consisted of 12 treatments: non-challenged control, challenged control, 
CMA (250, 500, 750, 1000 and 1500 ppm) and CMP (250, 500, 750, 
1000 and 1500 ppm) . Birds were orally gavaged with 0 .1 mL of a 107 
cfu/mL STNAR on d 4 . BW and feed intake were recorded on d 4, 14 and 

21 . Ceca and liver/gall bladder were collected from 2 birds per pen on 
d 11 and 21 and analyzed for the presence of STNAR . On d 14 and 21, 
ileal segments and digesta were collected for histology and digestibility . 
Results were analyzed using a one-way ANOVA via SPSS . Growth 
performance showed no significant difference among treatments on d 
4 and 14. But there was a significant difference in both BW and BWG 
on d 21, with CMA at 1000 ppm having the highest values (P ≤ 0.05). 
CMP at 750 ppm showed significant higher ileal digestible energy (P 
≤ 0.05) on d 14 and 21 when compared with the challenged control. 
Results from the cecal STNAR colonization indicate a significant differ-
ence in log cfu (P ≤ 0.05) between the non-challenged and challenged 
control (0 .43 vs 3 .35) . However, there was no differences for recovery 
of STNAR between the challenged control and Na-B treatments . This 
study demonstrates that Na-B has the potential to improve BW, BWG 
and energy digestibility, with an earlier releasing product increasing the 
growth performance. However, no significant influence on Salmonella 
control was evident in this experiment . Therefore, it appears that the 
beneficial effect of Na-B in broilers is affected not only by dosage, but 
also by the product’s targeted releasing time .

Key Words: sodium butyrate, digestibility, gut health, Salmonella, 
broiler

17   Withdrawn
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18   Effects of increasing zinc hydroxychloride level on male 
growth performance and breast meat yield. Austin Jasek*1, Kyle 
Brown1, Terri Parr2, and Jason Lee1, 1Texas A&M University, College 
Station, TX, 2Micronutrients USA LLC, Indianapolis, IN.

The objective of the current study was to evaluate the impact of increas-
ing zinc (Zn) hydroxychloride on growth performance and breast meat 
yield of broilers fed corn-soy diets . A total of 2,160 broilers were 
assigned randomly to 5 dietary treatments consisting of 12 replicates 
of 36 Ross 708 broilers per pen. The first 4 treatments contained zinc 
from Zn hydroxychloride (IntelliBond Z; Micronutrients USA LLC) at 
40, 80, 120, and 160 ppm respectively. The fifth treatment represented 
a standard broiler diet served as a control and contained zinc in the 
form of zinc sulfate at 80ppm . Broilers were fed starter (d1–14), grower 
(d14–28), finisher (d28–41), and withdrawal (WD d42–49) diets. Aver-
age body weight (BW), body weight gain (BWG), mortality adjusted 
feed conversion ratio (FCR), feed consumption (FC) and mortality (%) 
were determined on d 14, 28, 41, and 49 . On d 50, 8 birds were randomly 
selected from each replicate to evaluate processing yields as well the 
incidence and severity of woody breast and white striping . Individual 
contrast comparisons between the 2 treatments containing 80 ppm of 
Zn hydroxychloride and zinc sulfate resulted in elevated (P < 0 .05) 
BW on d 14 and 28 in broilers fed Zn hydroxychloride compared with 
zinc sulfate . Additionally, FCR improved (P < 0 .05) in broilers fed Zn 
hydroxychloride during the starter, finisher, and cumulatively through 41 
d of age when compared with broilers fed zinc sulfate . Differences were 
also observed regarding processed product, as broilers fed 80 ppm of Zn 
hydroxychloride exhibited increased (P < 0 .05) carcass yield and breast 
yield when compared with broilers fed 80 ppm zinc sulfate . Increasing 
levels of Zn hydroxychloride positively affected (P < 0 .05) BW on d 
14, 28, and 41 as observed by a linear regression analysis . Similarly, 
breast weight also showed a positive (P < 0 .05) linear relationship on 
breast weight when feeding increasing levels of Zn hydroxychloride . 
The improvements in breast weight and yield with increasing levels of 
Zn hydroxychloride did not negatively affect meat quality as no differ-
ences were observed in woody breast and white striping scores . These 
data demonstrate the positive benefit of feeding increased levels of zinc 
on growth performance and processing yield and confirms that mineral 
source can affect broiler performance .

Key Words: zinc, broiler, yield, performance

19   The effect of four rearing programs on heat production 
(HP) and body composition of broiler breeders. Michael Schlum-
bohm*1, Katie Hilton1, Garret Mullenix1, Antonio Beitia1, Pramir 
Maharjan1, Maria Cortes1, Justina Caldas2, Judith England1, and 
Craig Coon1, 1University of Arkansas, Fayetteville, AR, 2Cobb-
Vantress, Tontitown, AR.

A total of 84 d-old pullets were divided into 4 feeding treatments . 
Treatments consisted of non-broilerized (NB), broilerized (BB), every 
day (ED) and true skip-a-day (SK) . NB were fed on a primary breeder 
recommended feeding schedule . NB, ED and SK were fed pullet starter 
and grower while BB were fed chick starter and grower . BB birds 
were fed ad libitum until 6 wk of age . At 6 wk of age, BB pullets were 
placed on the same pullet grower as the NB, ED and SK pullets . Pullets 
were reared in floor pens and transferred to individual cages and light 
stimulated at 21 wks . All treatments were fed pullet breeder from 24 to 
32wk of age . Body composition was measured every 2 wk from 0 to 32 
wk by GE Lunar Prodigy (dual energy x-ray absorptiometry, DEXA) . 

Heat production (HP) was also measured every 2 wks using respiratory 
chambers . HP = (kcal) 3 .872 × VO2 (L/d) + 1 .195 VCO2 (L/d) (Farrell, 
1974) was measured for 1 d in the chambers . The lean mass of the BB 
pullets was significantly greater (P < 0 .0001) compared with NB, ED 
and SK treatments . However, when expressed as g lean mass per g body 
weight, at wk 4, 6, 8 and 12, BB had significantly less (P < 0 .0001, P 
< 0 .0001, P = 0 .0003,P = 0 .0021, respectively) lean mass . Fat mass 
was significantly more at wk 4, 6, and 8 (P < 0 .0001, P = 0 .0008, P = 
0 .0019, respectively) for BB treatment . Furthermore, BB pullets had 
significantly more (P < 0 .05) mineral content from wk 4 to 6 . HP per kg 
of feed intake showed no difference (P > 0 .05) between treatments until 
8 wk, where BB HP kcal/kg feed intake was significantly higher (P = 
0 .0055) compared with NB, ED and SK treatments . HP per metabolic 
body weight showed no significant differences between treatments. 
This experiment indicated BB pullets mobilize protein immediately 
after feed restriction begins . Fat mass also reduces but at a slower rate 
than lean mass .

Key Words: broiler breeder, heat production, body composition, 
indirect calorimetry, broilerization

20   Effect of a 60% protein soybean meal diet, feed particle 
size, and Rovabio Advance on poult live performance to 20 d of 
age. Karlinton Flores*, Jesse Grimes, Ramon Malheiros, and Adam 
Fahrenholz, North Carolina State University, Raleigh, NC.

Feed particle size and feed quality are important in promoting growth 
and stimulating feed intake (FI) of poults. A specific particle size can 
be achieved by screening the diets, while quality can be characterized 
by the ingredients used . In this study, a 60% crude protein (CP) soy-
bean meal (SBM) was used along with Rovabio Advance in screened 
diets . Performance and apparent metabolizable energy (AMEn) were 
measured in turkey poults with different SBM formulations, particle 
size, and presence of Rovabio . Aviagen Select female poults (504) were 
randomly assigned to 72 battery cages with 7 bd/cage . Eight treatments 
were evaluated in a 2 × 2 × 2 factorial design in which 4 treatments 
formulated with 48 and 60% CP SBM each were fed as a crumble or as a 
screened crumble diets with or without Rovabio . All crumble diets had a 
ratio of 42% fines and 58% crumbles. The crumbles were screened with 
a US number 12 sieve, and treatments were fed from placement to 20 
d of age . Average bird BW, BW gain (BWG), FI, feed conversion ratio 
(FCR), and AMEn were determined and differences were considered 
to be statistically significant at P ≤ 0.05. Poults fed with screened diets 
were significantly different in BW and FI at 14 and 20 d, BWG at 14 d, 
and FCR at 7 d (357, 625 g; 384, 786 g; 301 g; 1 .187 g) . Diets formu-
lated with 60% CP SBM had lower FI and FCR at 7, 14 and 20 d (110, 
367, 748 g; 1 .200, 1 .274, 1 .3500 g:g) . Rovabio interacted with 48% 
CP SBM to have a lower FCR from 14 to 20 d (1 .452 g:g) . The AMEn 
was significantly different in the following factors: screened diets, SBM 
diets, and their interaction (2947, 2882 cal/g) . These data demonstrated 
that a screened diet can improve the FI of poults by incentivizing the 
mechanoreceptors of the bird . The result were poults being more able 
to pick feed with a trimmed beak, by having fewer fines. Screened diet 
may reduce birds’ AMEn . The feed with 60% CP SBM resulted in lower 
poult FI, increased AMEn, and thus a reduced FCR . Rovabio interacted 
with other factors to improve live performance and AMEn .

Key Words: turkey poult, feed quality, particle size, soybean meal
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21   Effects of inorganic trace mineral sulfates, organic trace 
mineral proteinates, or a mixture of the two on broiler breeder 
egg production and egg characteristics. Coltin Caraway*1, John 
Brake1, and Gregory Page2, 1North Carolina State University, 
Raleigh, NC, 2Trouw Nutrition Agresearch, Guelph, ON, Canada.

Trace minerals (TM) are necessary for proper physiological function 
of broiler breeders . Due to relatively low costs, inorganic TM sulfates 
(INO) have often been supplied in excess to avoid deficiencies. However, 
organic TM, such as proteinates (ORG), can be fed at reduced levels due 
to increased bioavailability . This study investigated if broiler breeder 
performance would be differentially influenced by replacing high levels 
of TM sulfates with reduced levels of TM proteinates or a mixture of 
the 2 . At 21 wk of age, 3 TM treatments (4 replicates/treatment) with 
differing Cu, Zn, Mn and Se content, respectively, were applied as fol-
lows: 1) 6, 30, and 35 µg/g as proteinates; 0 .3 µg/g Se as yeast (ORG), 
2) 6, 90 and 100 µg/g as sulfates; 0 .3 µg/g Se as selenite (INO), and 3) 
3+3, 30+60, 35+65, and 0 .15+0 .15 µg/g Se as a mixture of ORG and 
INO, respectively (MIX) . A total of 12 pens housed 192 females and 22 
males each . Egg production and mortality were recorded daily and 180 
eggs per pen were set biweekly to determine fertility and hatchability . 
At 30, 41, 52, and 64 wk of age, 20 eggs from each pen were randomly 
selected and sampled for [Zn], [Se], yolk, albumen, and shell quality 
parameters . Data were analyzed using PROC GLM of SAS and P ≤ 
0.05 was accepted as statistically significant. Hen-day egg production 
was improved (P ≤ 0.05) by ORG from 27 to 35 wk when compared 
with MIX, with INO intermediate . Eggs per hen-housed and female 
mortality were improved (P ≤ 0.05) by ORG from 27 to 35 wk when 
compared with MIX and INO . Neither fertility, hatchability, shell quality 
parameters, nor egg [Zn] were affected by TM treatment . Albumen [Se] 
was increased (P ≤ 0.01) step-wise with ORG > MIX > INO throughout 
the study . Total egg [Se] was increased (P ≤ 0.01) by ORG at all ages 
when compared with INO . Total egg [Se] was similar in MIX and INO 
at 30 wk, but at 52 and 65 wk, total egg [Se] was similar in MIX and 
ORG, but greater than INO (P ≤ 0.01), which suggested that Se reten-
tion and deposition was increased when Se was supplied as Se yeast . In 
conclusion, broiler breeder performance was maintained when reduced 
levels of organic TM proteinates were fed .

Key Words: broiler breeder, inorganic trace minerals, nutrition, 
selenium

22   Determining the efficacy of two carbohydrase enzymes in 
commercial diets on d 0-57 broiler performance. Courtney Ennis*, 
Aaron Kiess, Wei Zhai, Christopher McDaniel, and Kelley Wamsley, 
Mississippi State University, Mississippi State, MS.

Enzymes, including carbohydrases are commonly included in today’s 
commercial poultry diets . The current study utilized a 2 × 2 factorial 
arrangement with variations in commercial diets (CD; CDA or CDB) 
and carbohydrase enzyme (NSP; NSP1 - multi-carbohydrase enzyme or 
NSP2 - xylanase enzyme) . The objective of this study was to examine 
the efficacy of commercially available carbohydrases using variations in 
dietary formulations . Data were analyzed as a 2 × 2 factorial arrangement 
and analysis was performed using SAS version 9 .4 . Both CDA and CDB 
were similar in most ingredients, with inclusions of corn, soybean meal, 
a meat and bone meal blend, a phytase enzyme, an antibiotic, and an 
anticoccidial; however, CDB diets also included wheat . Matrix values 
for ingredients differed, but were consistent for enzymes tested . On d 
of hatch, 828 Ross × Ross 708 male chicks were randomly distributed 
into 36 pens (23 birds/pen; 9 replications/treatment) . Individual weights 
were recorded on d 14, 28, 43, and 56 . Performance variables measured 
included: average BW, BW gain, feed conversion ratio (FCR), feed 

intake, mortality, and d 57 processing (4 birds/pen) . On d 15, 29, and 
46 1 bird per pen was randomly selected and sacrificed for gastrointes-
tinal sampling . These sampling was performed by excising the gizzard 
and small intestine from each bird to record lengths, weights, pH, and 
ileal viscosity . There was no treatment effect on the gastrointestinal 
sampling data; therefore, it will not be shared due to lack of correlation 
with performance (P > 0.05). The main effect of CD was significant 
for BW gain, BW, and FCR, demonstrating improvements for birds 
fed CDB (P < 0.0001). The main effect of NSP was not significant, 
nor were there any CD × NSP interactions found for any parameter 
measured (P > 0 .05) . However, NSP inclusion did change diet costs; 
therefore, an economic analysis was performed using feed intake, feed 
costs, and potential profit based on chicken parts produced for each 
treatment . Formulations with NSP1 increased diet costs for both CD 
and was found to reduce potential profit for CDA and CDB by $0.164 
and $0.075/bird, respectively.

Key Words: commercial diet, exogenous feed enzymes, broiler 
performance, economic analysis

23   Evaluation of two enzyme composites in reduced nutrient 
density diets on laying hen performance. Cody Flores*1, Kyle 
Smith1, Nelson Ward2, and Jason Lee1, 1Texas A&M University, Col-
lege Station, TX, 2DSM Nutritional Products, Ringoes, NJ.

The objective of the current experiment was to evaluate 2 enzyme com-
posites consisting of phytase, protease, xylanase, glucanase, cellulase, 
and non-starch polysaccharide debranching enzymes (galactosidase, 
pectinase, amylase) on laying hen (HyLine W36) performance between 
18 and 60 wks of age . The design for the current experiment included 
4 dietary treatments with an industry type positive control diet (PC), 
a negative control (NC) with a reduction in minerals, metabolizable 
energy, and digestible amino acids, and 2 dietary treatments that included 
an enzyme composite in the NC . The enzyme composites were expected 
to provide nutrient uplift similar to the reductions provided to the NC . 
The same enzyme composite (A) was added to the NC diet for both 
enzyme treatments during the period of the onset of lay to 35 wk of age . 
At 35 wk of age, half of the replicates then received a different enzyme 
composite (B) from 35 wk to end of the trial at 60 wk of age while the 
remaining replicates received the same enzyme composite (A) for the 
remainder of the experiment . Each treatment consisted of 12 replicates 
with each replicate consisting of 3 cages with 3 hens/cage totaling 432 
laying hens . The nutrient reductions in the NC as compared with the PC 
diet were 0 .15% reduction in available phosphorus, 0 .12% Ca, 0 .02% 
Na, 0 .02% digestible lysine, 0 .01% digestible methionine, and 66 kcal/
kg . The diets were fed in 3 phases according to breeder recommenda-
tions based on egg production including phase 1 (18 to 35 wk), phase 
2 (36 to 52 wk), and phase 3 (52 to 60 wk) . Lay rate was reduced (P < 
0 .05) in the NC diet as compared with the PC . Both enzyme composite 
treatments had an increased (P < 0 .05) lay rate as compared with the 
NC diet at the conclusion of the experiment while continuous feeding 
of enzyme A exhibited an increased (P < 0 .05) lay rate compared with 
the PC diet . The NC fed layers also had a reduced (P < 0 .01) egg weight 
while the inclusion of both enzyme treatments increased egg weight 
compared with the NC diet . The reductions in lay rate and egg weight 
resulted (P < 0 .01) in an increase in FCR calculated on a feed to egg 
weight basis in the NC fed layers . Both enzyme composite treatments 
reduced (P < 0 .05) FCR compared with the NC diet to levels similar 
to the PC fed layers . In summary, the addition of an enzyme composite 
was able to eliminate performance related reductions in the NC diet 
with lower minerals, metabolizable energy, and digestible amino acids .

Key Words: enzyme composite, performance, layer, egg
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24   Does a diet with no added copper have adverse effects on 
laying hens under different temperatures? Wenxiang Li*, Yuanq-
ing Chen, Lihong Zhao, Qiugang Ma, Jianyun Zhang, and Cheng Ji, 
China Agricultural University, Beijing, China.

The abuse of copper (Cu) in animal diet caused serious pollution to 
soil, water and harvested crops. Nutritionists should try to confirm 
the minimum dietary Cu to maintain production efficacy and prod-
ucts quality . This study was conducted to assess the feasibility of no 
Cu supplementation on laying performance, egg quality and plasma 
biochemical and antioxidant indices of laying hens under heat stress 
or normal temperature . A total of 240 laying hens (Hy-Line Brown) 
at age of 37 weeks old were randomly allotted to 4 treatments with 6 
replicates of 10 hens per replicate . A 2-way factorial design involved in 
2 environmental temperatures: normal temperature (NT, 26 ± 2°C) and 
cyclic high temperature (CHT, 26 ± 2~33 ± 2°C), and 2 dietary Cu addi-
tion amount: C0 (0 mg/kg) and C8 (8 mg/kg as form of copper sulfate 
pentahydrate) . The measured content of Cu in corn-soybean meal basal 
diet was 10 .3 mg/kg . The experimental period was 5 weeks including 1 
week of adaptive period, 2 weeks of heat stress period and 2 weeks of 
convalescent period. Compared with NT, CHT significantly increased 
(P < 0 .05) the rectal temperature, and the plasma glucose content during 
the heat stress period . Moreover, CHT decreased (P < 0 .05) the laying 
rate and egg production in the 2nd week of the heat stress period and 
the 1st week of the convalescent period . Besides, CHT decreased (P < 
0 .05) the feed intake, body weight, feed to egg ratio and eggshell qual-
ity during the heat stress period, however had higher (P < 0 .05) feed 
to egg ratio during the convalescent period. No significant difference 
(P > 0 .05) was found on the observed indices between C0 and C8 . No 
significant interaction effects (P > 0 .05) existed between environmental 
temperature and Cu supplementation, except for the higher (P < 0 .05) 
egg weight of C8 group than C0 group under CHT . Conclusively, cyclic 
high temperature impaired laying performance and eggshell quality . The 
dietary supplementation of Cu or not had no alleviating effects of heat 
stress . The Cu content (10 .3 mg/kg) in corn-soybean meal diet might be 
sufficient to maintain the laying performance and egg quality of laying 
hens under suitable temperature or heat stress .

Key Words: copper, laying hen, different temperatures, laying per-
formance, plasma indices

25   Effects of broilerization and non-broilerization on pureline 
broiler breeder fertility, hatchability, chick quality, egg composi-
tion and body composition. Antonio Beitia*2, Justina Caldas1, Katie 
Hilton2, Garret Mullenix2, Michael Schlumbohm2, Pramir Maharjan2, 
Maria Mayorga2, Judith England2, and Craig Coon2, 1Cobb-Vantress, 
Siloam Springs, AR, 2University of Arkansas, Fayetteville, AR.

Two studies evaluated the effects of broilerization (selected) and non-
broilerization (NB) on fertility, hatchability, chick quality, egg compo-
sition and body composition . Selected pureline broiler breeders show 
a 25% reduction in recoverable chicks compared with non-selected 
pureline . Currently, the cause of lower recoverable chicks is unknown . 
Broilerization is defined as pullets fed ad libitum from d1 until they 
reach the desired target body weight (42d), then, they are raised for egg 
production . Study one evaluated broilerized hen body and egg composi-
tion, effects of egg storage time, insemination concentration on fertility, 
hatchability, and chick quality from 20 to 45 wks . 648 pullets were 
used in this study . Eggs were stored for 7d or 16d before incubation . 
Three groups of 216 hens were inseminated: 200 million sperm, 100 
million sperm, 50 million sperm . This replicate a lower fertility situ-
ation to see how that might affect % of grade A chicks hatched . Birds 
and eggs were scanned for composition using GE Lunar Prodigy (dual 

x-ray absorptiometry, DEXA). Grade A chicks significantly decreased 
as a percent of total eggs set due to the lowest insemination dose (P = 
0 .0027); however, there was no effect on grade A chicks as % of total 
chicks hatched (P = 0 .9505) . Grade A chicks as % total set (P < 0 .0001) 
and grade A chicks % of hatch (P = 0.0357) significantly decreased as 
egg storage time increased . The lean mass of the broilerized pureline 
hens coming into production is greater than NB pureline or parent stock 
hens (unpublished data) however, they have less fat mass compared with 
NB and parent stock hens . Study 2 used broilerized and non-broilerized 
pullets to evaluate on egg composition and body composition . 648 d 
old pullets were on 2 growth curves, broilerized (selected) or non-
broilerized, from 0 to 21 wk . A representative number of pullets from 
each treatment group were scanned by DEXA for body composition 
studies at 4 wk . intervals during the rearing period . At 28, 56 and 84 d 
of age non-broilerized pullets had significantly higher lean mass when 
expressed as grams lean mass per kg body weight (P < 0 .0001, P = 
0 .0145 and P = 0 .0147, respectively) . Results from this study showed 
28d and 84d broilerized pullets had significantly higher fat mass g/kg 
BW . Data were analyzed using JMP Pro 13 (SAS, 2016) .

Key Words: chick quality, breeder fertility, body composition, egg 
composition, broiler breeder

26   Phytase effect on amino acids, Ca, and P digestibility in 
laying hen fed with graded levels of digestible lysine. Ingrid 
Y . Martinez Rojas*1, Ernesto Avila1, Jose Arce Menocal3, Gilson 
Gomes2, and Carlos Lopez1, 1Universidad Nacional Autónoma de 
México, Mexico City, Mexico City, Mexico, 2AB Vista, Marlborough, 
United Kingdom, 3UMSNH, Morelia, Michoacan, Mexico.

Influence of dose of exogenous microbial phytase (Phy) above that 
related to phosphorus (P) release, is well documented for broilers and 
pigs, although research in laying hens has been limited . The objective 
of the present study was to determine the ileal digestibility of essential 
and non-essential amino acids, calcium (Ca), and P of laying hens fed 
corn-soybean based diet . 120 Bovans White hens were caged individu-
ally and distributed in 10 treatments: 9 treatments corresponding to 3x3 
factorial arrangement with 3 levels of digestible lysine (dLys - 0 .67, 
0 .77, and 0 .87%) and 3 doses of Phy (0, 300, and 1200 FTU/kg) . These 
9 treatment diets were formulated with low available P (avP) content 
(0 .12%) . An additional treatment was included with 0 .25% avP and 
0 .87% dLys without Phy inclusion . For each treatment, there were 12 
experimental units of one hen, which were fed since 40 to 65th week-
old with experimental diets . Titanium dioxide was used at 5 g/kg as 
indigestible marker, including in the diet for the last 2 weeks . At the end 
of the trial, all birds were euthanized and digesta was collected from the 
lower half of the ileum by flushing with 5 mL distilled water. The ileal 
digesta from 3 hens were pooled, frozen, and lyophilized, obtaining 4 
replicates per treatment. Amino acids were quantified in the digesta 
using ion exchange chromatography technic; P and Ca were determined 
following AOAC 1996 methods . Data were analyzed as a full factorial 
model nested to avP content; AvP level was included in the ANOVA as 
a source of variation. Statistical differences were considered significant 
at P < 0 .05 and means were separated with Tukey’s adjustment with the 
use of JMP program . Interactive effects between Phy and dLys were 
seen for Arg, Asp, Gly, His, Ile, Lys, Leu, Ser, Thr, Tyr and Val and for 
Ca (P < 0 .05) . 300 FTU/kg Phy had lower digestibility than 1200 FTU/
kg in 0 .67% dLys, meanwhile in 0 .77 and 0 .87% dLys there were not 
differences among Phy doses . Ala, Cys, Glu, Leu, Phe, Pro, and P were 
affected by both factors independently . Thus, 1200 FTU/kg Phy and 0 .87 
and 0 .77% dLys levels showed higher digestibility than 0 FTU/kg and 
0.67% dLys, respectively. Met was not influenced by the treatments, 
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furthermore avP level did not show any effect (P > 0 .05) . In conclu-
sion, 1200 FTU/kg Phy produced higher digestibility coefficients than 
0 FTU/kg Phy, being more evident in 0 .67% dLys level . This project 
was financed by PAPIIT IN214015.

Key Words: phytase, laying hen, extra-phosphoric effect, amino acid 
digestibility, P-Ca digestibility

27   Evaluation of a yeast cell wall product in soybean and soy-
bean free diets using Hy-line Brown layers. Morouj Al-Ajeeli*1, 
Shawna Peer1, Raghad Abdaljaleel1, Mohammed Hashim1, Hector 
Leyva-Jimenez1, Thomas Gaydos2, Giridhar Athrey1, and Christopher 
Bailey1, 1Texas A&M University System, College Station, TX, 2Phileo 
Lesaffre, Milwaukee, WI.

The objective of this study was to evaluate a prebiotic yeast cell wall 
(YCW) fed to Hy-Line Brown commercial layers fed soybean meal 
(SBM) and SBM-free diets based on egg production, egg quality and 
gene expression over 4 28 d periods . A total of 120 layers, 47-wk 
old were housed individually in a wire cage system . These hens had 
been fed layer diets formulated with and without SBM in a previous 
study from the onset of lay to the initiation of the current trial . For this 
experiment, we overlaid a YCW treatment (with or without, 250 ppm) 
to create a 2 × 2 factorial arrangement of 6 completely randomized pen 
location blocks throughout the hen house . Our hypothesis was that 250 
ppm YCW would improve the productive performance of the hens . 
Corn based diets were formulated based on the nutrient requirements 

suggested by the Hy-Line Brown management guide . The SBM-free 
diet utilized cottonseed meal, corn gluten meal, DDGS and wheat mid-
dlings in place of SBM . Feed and water were offered ad libitum . Feed 
consumption was recorded every 2 wk and body wt every 28 d during 
the study . Eggs were collected daily and egg wt was recorded weekly . 
Albumen height, shell thickness, eggshell strength, and Haugh unit were 
determined every 2 wks . Egg production and quality data were analyzed 
using General Linear Model Procedures within IBM SPSS Software . 
The YCW treatment improved cumulative egg production (P < 0 .05) 
from 84 .5 ± 0 .8 to 90 .3 ± 0 .6% . Cumulative Egg wt was improved (P 
< 0 .05) in the SBM vs . the SBM-free diet from 61 .2 ± 0 .2 to 63 .5 ± 0 .3 
g . Average egg shell thickness improved (P < 0 .05) from 38 .56 ± 0 .37 
to 39 .93 ± 0 .24 for the SBM-free vs . the SBM diet during the last 28 d 
period . To further investigate the basis of differences in performance 
we observed, at the end of the study, we euthanized 4 hens per treat-
ment with CO2 gas, and sampled tissues within 30 min postmortem 
and stored them in RNALater . We analyzed differential expression of 
genes of metabolic interest in the liver using RT-qPCR. We quantified 
gene expression from 4 biological replicates and 2 technical replicates 
each . We used the △△CT method to calculate Log2Fold change, and a 
One-Way ANOVA on normalized CT values to test for statistical sig-
nificance. We found that genes involved in metabolism of xenobiotics 
and regulation of apoptosis were differentially expressed (Log2Fold >2, 
and P < 0 .01) in diets with YCW .

Key Words: yeast cell wall, egg production, brown eggs, egg quality, 
soybean free
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28   Effects of atmospheric pressure change on broiler breeder 
egg production. Joshua Deines*, Doug Yoho, and R . Bramwell, 
University of Arkansas, Fayetteville, AR.

Atmospheric pressure (barometric pressure) is the pressure exerted by 
the earth’s atmosphere at a given location due to the mass of the atmo-
spheric column above . Atmospheric pressure is often used to predict 
patterns and changes in weather. Atmospheric pressure influences many 
behavioral and physiologic aspects of living organisms. As such this field 
study was conducted to determine the effects of atmospheric pressure 
changes on broiler breeder egg production . All data were collected from a 
single broiler breeder farm in Arkansas by the farm manager . The objec-
tive of the study focused on effects of the direction of pressure change 
rather than the numerical measurement of pressure . Data were collected 
from 2 back-to-back broiler breeder flocks raised in the same house. 
Date, egg count, and direction of atmospheric pressure change were 
recorded daily . The daily atmospheric pressure change was categorized 
as one of the following: steady, rising, falling, fluctuating. Because egg 
production naturally increases to a peak then decreases over the life of 
a breeder flock because of age, the data were normalized by taking the 
average egg count (calculated in 2 week intervals) . This average was 
then compared with each day within the timeframe and its associated 
atmospheric pressure change category to find a percentage difference. All 
calculated differences from the same categorized atmospheric pressure 
change were then combined and compared with the other categories . 
Statistical analysis was carried out by ANOVA in SAS and means were 
compared using Tukey’s Studentized Range (HSD) Test . Overall there 
were 1 .48% more eggs produced on days with steady pressure com-
pared with the 2 week averages, 1 .74% less on falling days, 1 .35% less 
on rising days, 2.45% less on fluctuating days. This evidence suggests 
that atmospheric pressure changes do effect egg production of broiler 
breeders . It can also be concluded from this study that the breeder hens 
did lay more eggs on days with steady atmospheric pressure compared 
with days with any direction of change in pressure or fluctuation (P < 
0.0001). There is no significant difference in egg production between 
days of fluctuating, increasing, or decreasing pressure changes.

Key Words: broiler, breeder, egg, production, pressure

29   Can rearing feeding strategies improve the laying per-
formance of broiler breeders? Aitor Arrazola*, Tina Widowski, 
Michele Guerin, and Stephanie Torrey, University of Guelph, Guelph, 
ON, Canada.

Broiler breeders are feed-restricted during rearing to control growth 
and to avoid obesity-related problems during production . To reduce 
the negative effects of chronic feed restriction, alternative feeding 
strategies have focused on increasing feed allowance through decreased 
diet quality and use of non-daily feeding programs . The objective of 
this research was to examine the effect of rearing feeding strategies 
for broiler breeders on the laying phase under simulated commercial 
conditions . At 3 weeks of age, 1,680 Ross 308 pullets were allocated 
into 24 pens of 70 birds each (7 .7 pullets/m2) . Six pens were fed from 
wk 3 to 22 with one of 4 treatments: (1) daily control diet (control); (2) 
daily alternative diet; (3) 4/3 control diet (3 non-consecutive off-feed 
days per week); and (4) graduated control diet . The alternative diet had 
an inclusion of 40% soybean hulls and an increasing concentration of 
calcium propionate from 1 .44% to 5 .05% . The feeding frequency of 
the graduated treatment was 5/2 from wk 3–4, 4/3 from wk 5–11, 5/2 

from wk 12–18, and daily from wk 19–22 . At wk 23, 40 mature hens 
per pen (4 .4 hens/m2) were maintained based on their body weight 
(±15%) . Five mature roosters were introduced per pen at wk 23 . Pens 
were managed based on the breeding company’s guidelines and fed 
with a standard broiler breeder layer diet daily from wk 23 to 64 . Egg 
production was recorded daily until wk 64 . Once per week, 12 settable 
eggs per pen were set for incubation at wk 32, 40, 48, 56 and 64 . Data 
were analyzed with a glimmix procedure with week as repeated measure 
and pen as subject . Egg production was greater for the pens fed with the 
3 alternative feeding strategies (2, 3, and 4), 3 .7 ± 0 .1 eggs/hen weekly, 
compared with the control (1), 3 .3 ± 0 .1, from wk 56 to 64 (P < 0 .001) . 
Hatching egg weights for hens reared on non-daily treatments (3 and 
4) were 1 .1 ± 0 .4 g lighter than for controls (1) from wk 32 to 64 (P < 
0 .01) . However, live chick weight between treatments was similar for 
the same time window (P = 0 .41) . In conclusion, compared with the 
control, alternative feeding strategies in rearing improved laying rate 
after wk 56 with no detrimental effect on chick weight despite lower 
hatching egg weights for non-daily treatments .

Key Words: broiler breeder, laying, nutrition, feeding frequency, 
rearing

30   Broiler breeder laying signals: Body weight and rearing 
daylength. S . A . S . van der Klein*1, K . L . Lovely1, C . A . Ouel-
lette1, G . Y . Bédécarrats2, and M . J . Zuidhof1, 1University of Alberta, 
Edmonton, AB, Canada, 2University of Guelph, Guelph, ON, Canada.

Body weight and rearing day length are major signals influencing 
reproductive onset and performance in broiler breeders . The aim of 
this study was to investigate in group-housed hens the impact of longer 
rearing day lengths and higher BW on reproductive efficiency, when 
BW variation is minimized . Six groups of 26 Ross 708 broiler breeder 
pullets were reared in light tight chambers using precision feeding 
stations, which controlled feed intake toward the target BW of each 
individual hen . Half of the pullets in each chamber were assigned to the 
breeder-recommended target BW curve (Std), and half to an acceler-
ated target BW curve reaching the 21 wk BW at 18 wk (High) . Pairs 
of chambers were randomly assigned to either a 8L:16D, 10L:14D, or 
12L:12D light schedule and photostimulated at 21 wk . Photostimulation 
was achieved in a single step to 16L:8D for all treatments . Hens were 
palpated from wk 20 onward daily to detect hardshelled eggs in the 
shell gland to measure individual egg production . Data were analyzed 
using a mixed model . Variance due to hen was accounted for all serial 
measurements . Eggs assigned to individual hens were weighed daily . The 
effect of day length on egg production depended on BW treatment (P < 
0 .001) . Mortality corrected cumulative egg production per hen from wk 
20 to wk 46 was 109, 110, and 72 for the High BW treatment and 89, 
60, and 27 for the Std BW treatment for the 8L, 10L and 12L schedule 
respectively . For the 8L, 10L, and 12L schedule, peak production in 
the High BW treatment was reached at wk 30 (86%), wk 34 (84%), wk 
46 (68%), respectively; and in the Std BW treatment wk 29 (73%), wk 
34 (55%), wk 46 (35%), respectively . The effect of day length on egg 
weight depended on BW treatment (P = 0 .001) . For the 8L, 10L, and 
12L schedule, mean egg weight in the High BW treatment was 63 .3 g, 
62 .6 g, 63 .9 g, respectively; and in the Std BW treatment 63 .7 g, 61 .1 
g, and 63 .3 g, respectively . Egg production (P = 0 .999) and egg weight 
(P = 0 .508) of High BW hens reared on the 8L or 10L schedule did 
not differ, whereas pairwise comparisons of egg production for other 



Poult. Sci. 96(E-Suppl. 1)12

treatments all showed significant differences. These results indicate that 
although the current lines of broiler breeders still experience photore-
fractoriness, reproductive onset and performance may rely more on BW 
than on rearing day length .

Key Words: photorefractoriness, lighting, precision feeding, 
reproduction

31   Hatching performance of broiler chicks provided a 
photoperiod during incubation. Kayla Graham*, Xujie Li, Janice 
MacIsaac, and Bruce Rathgeber, Dalhousie University, Truro, NS, 
Canada.

Previous research has shown that the provision of a photoperiod using 
LED light during incubation can improve the synchrony of hatch and 
chick quality for commercial laying lines . It was hypothesized that 
providing a photoperiod during incubation would affect the ability of 
broiler chicks to utilize their yolk as well as hatch performance . Two 
trials were conducted using 8 lighting programs during incubation . A 
total of 5,888 eggs were utilized for this study and randomly placed on 
8 trays in each of the 8 incubators (50 eggs/tray for trial 1 and 42 eggs/
tray for trial 2) . Four white LED light (4100K) strips were installed 
in each of the light equipped incubators . For the setting phase from d 
0–17, 2 light programs were applied to 4 incubators each . A control of 
0 h light and 24 h dark (0L:24D) and a light treatment of 12L:12D were 
utilized . The eggs were transferred on d 17 and were exposed to one of 
the 4 lighting programs for the remaining 3 d of incubation . The lighting 
programs for the hatching phase consisted of a control of 0L:24D and 3 
light treatments of 12L:12D, 18L:6D and 24L:0D each in 2 incubators . 
On hatch day (512 h), the chicks were removed from the incubators 
counted and weighed for an initial chick weight . Hatchability was 
determined based on fertile eggs at hatch . Two chicks were randomly 
selected and removed from each tray and dissected to remove remaining 
yolk . This was used to calculate yolk-free body weight as a percentage 
of hatch weight (YFBW%) . The results were analyzed as a factorial 
arrangement using the Proc Mixed Procedure of ANOVA . Unlike laying 
hen studies, there was no significant difference (P > 0 .05) between the 
setting and hatching photoperiods for hatchability (89 .98%) or initial 
chick weight (48.46g). There was a significant difference (P < 0 .05) for 
YFBW% with chicks hatched from 12L:12D and set in 0L:24D having 
a lower YFBW% of 86 .34% compared with chicks hatched in 24L:0D 
and set in 0L:24D at 88 .65% . The results indicate that for broiler chicks 
provided a photoperiod using white LED lights during incubation for 
the times chosen, hatchability and initial chick weight were not affected . 
However, chicks set in the dark and hatched in continuous light utilized 
more of their yolk sac before chick placement .

Key Words: broiler, hatchability, yolk-free body mass, photoperiod, 
incubation

32   Growth and reproductive performances of broiler breeder 
hens under different daytime and supplemental light spectrum. 
Kayo Takeshima*1, Martin Zuidhof2, Charlene Hanlon1, Adriana 
Rodriguez1, and G . Y . Bédécarrats1, 1University of Guelph, Guelph, 
ON, Canada, 2University of Alberta, Edmonton, AB, Canada.

In broiler breeders, managing body weight (BW) during rearing is key 
for optimum reproduction in adults . A precision feeding (PF) system, 
allocating feed to birds matching real-time target BW was previously 
developed, however, to be economically viable, PF station access needs 
to be extended beyond the standard 8-h (h) photoperiod (PP) during 
the pullet-rearing period . As light spectrum has been reported to affect 

growth and reproduction, the objectives of this study were to determine 
if specific wavelength could be provided for 24hs as supplemental (S) 
feeder lighting without interfering with production . Furthermore, the 
effects of 2 spectrum daytime lights (DTL) and possible interactions with 
S lights were also examined . Four identical rooms (12 pens each) were 
used in a 2x3x2 factorial arrangement of treatments (pen as replicate 
unit) with 2 DTL sources (60% red or 60% green LEDs; n = 2 rooms 
each), 3 S lights (dark SD, pure red SR, or pure green SG; n = 16 pens 
each), and a transfer of half of the pens in each room between the 2 
DTL sources 1 week before photostimulation, while remaining under 
the original S treatment . At 1 d of age (doa), 480 ROSS 708 chicks 
were distributed across 3 pens in each room, and at 14doa, chicks were 
randomly placed across pens (n = 10 per pen) with illuminated S lights . 
All birds were given the same daily feed allocation according to the 
breeder’s guidelines . Pullets were reared under an 8h PP and stimulated 
with an abrupt transfer to a 14h PP at 154doa . Data were analyzed using 
PROC MIXED, and Tukey was used to separate the means . Despite DTL, 
birds under SR light were heavier from 195 to 287doa compared with 
birds under SD and SG lights (P < 0 .0001) . At 34, 40 and 41 weeks of 
age (woa), production was ~5% higher under 60% red (68 .4 ± 1 .76%, 
79 .7 ± 1 .05%, 77 .8 ± 1 .53%, respectively) vs . 60% green (63 .7 ± 1 .78%, 
74 .0 ± 1 .51%, 72 .5 ± 1 .50%, respectively) DTL (P < 0 .05), regardless of 
DTL pre-transfer . Furthermore, exposure to SR delayed sexual maturity 
by 2 weeks, regardless of DTL, and a decreased egg production from 25 
to 35woa compared with SG and from 25 to 38woa compared SD (P < 
0 .05) . At 36 and 40woa, eggs from SR light were heavier than under SG 
and SD lights (P < 0 .05) . In conclusion, 24h SR light desensitized the 
reproductive axis, delaying sexual maturity and diverting energy toward 
growth . Furthermore, exposure to 60% red DTL in adults promoted 
post-peak egg production despite DTL used in pullets .

Key Words: broiler breeder, spectrum lighting, precision feeding, 
growth, reproduction

33   Yolk free body weight of layer chicks provided differ-
ent wavelengths of LED light during incubation. Nilakshi 
Abeysinghe*1, Janice MacIsaac1, Karen Schwean-Lardner2, and 
Bruce Rathgeber1, 1Dalhousie University, Truro, NS, Canada, 2Uni-
versity of Saskatchewan, Saskatoon, SK, Canada.

Chicken eggs are commonly incubated in the dark environment and the 
hatch performance can be affected by the incubation conditions . In the 
present study, it was hypothesized that provision of different wavelengths 
of LED light during incubation can affect the hatch performance of chick, 
including yolk absorption and hatch weight . 640 eggs from each of 2 
laying hen lines (Lohmann Lite and Lohmann Brown) were incubated 
in 8 incubators . 80 eggs from each strain were randomly selected to be 
placed in each incubator . Six incubators were installed with 3 different 
LED light types and 2 were left in the dark, which served as the control . 
Blue LED, red LED (ONCE Innovation) and full spectrum white LED 
lights (4100K) were installed in 2 incubators each . In each lighting 
treatment the photoperiod used was 12 h of light followed by 12 h of 
dark (12L:12D) . The lights were dimmed to a similar intensity for the 
incubators with lights . Four chicks were randomly selected from each 
sex of each genetic line per incubator to determine the hatch weight 
(HW) and yolk-free body weight as a percentage of HW (YFBW) . 
Data collected was analyzed using the Proc Mixed procedure of SAS 
and Tukeys multipule range test was used to separate means when P 
< 0 .05 . The results revealed that there were no interactions among the 
main factors of interest (incubation light treatment, genetic line and 
sex) . The HW for chicks was not different between incubation lighting 
treatments for the chicks sampled for YFBW (n = 128) or for all chicks 
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hatched including those not sampled for YFBW (P > 0 .05) . The YFBW 
was marginally different for the hatchery lighting treatments (P = 0 .068) . 
YFBW was highest for chicks incubated in red light (88 .12% ± 0 .44) 
and lowest for the blue light incubation treatment (86 .44% ± 0 .45) . 
The 2 other treatments were intermediate for this measure (87 .5% ± 
0 .44) . The 2 genetic lines utilized yolk differently . LB showed a higher 
yolk utilization resulting in a higher (P < 0 .05) yolk-free body weight 
(88 .24% ± 0 .31 g) compared with LL (86 .58% ± 0 .32) . Based on the 
results it can be concluded that, of the lights evaluated, provision of 
red LED light during the incubation tended to improve yolk utilization . 
Early utilization of yolk material can improve post-hatch performance .

Key Words: LED light, incubation, yolk-free body weight, hatch 
weight

34   Providing a photoperiod with different wavelengths LED 
lights on growth performance of broiler chickens during the first 
week of life. Xujie Li*1, Kayla Graham1, Bruce Rathgeber1, and 
Janice MacIsaac2, 1Dalhousie University, Truro, NS, Canada, 2Atlan-
tic Poultry Research Institute, Truro, NS, Canada.

Previous findings have been shown that broiler growth performance and 
behavior can be affected by illuminating with different colors of lights 
during the production period . This study was conducted to evaluate the 
effects of providing different colors of LED lights during incubation 
on growth performance of broiler chickens at the early stage . A total of 
1200 Ross 308 broiler hatching eggs were randomly distributed into 6 
incubators . Two incubators were operated with the traditional complete 
dark method as the control . The remaining 4 incubators were illuminated 
for 12 h per day with white or blue LED lights . After hatch, chicks were 
randomly placed into 36 floor pens. This completely randomized design 
experiment included 6 pens for each treatment, with 26 birds of same 
incubation lighting treatment and gender in each pen, as the experimental 
unit . At 6 h post-placement, the body weight and feed consumption were 
measured . The body weight of chicks at placement was affected by the 
incubation lighting treatment (P < 0 .05) . The chicks hatched from dark 
had higher body weight (45 .8 g/bird) than that hatched under the white 
light treatment (44 .8 g/bird) . At 6 h post-placement, the chicks hatched 
from the white light treatment had higher (P < 0 .05) body weight gain 
(7 .6 g/bird) compared with those hatched in the dark (6 .2 g/bird) and the 
blue light treatment (6.5 g/bird). No significant differences were found 
in feed intake (P = 0 .070) among light color treatments (Dark: 4 .1 g/
bird; White: 4 .6 g/bird; Blue: 4 .3 g/bird) . In addition, the performance 
was assessed in terms of body weight, daily body weight gain, feed 
consumption and feed conversion every 24 h during the first week. 
Performance data were analyzed as repeated measures using the Proc 
Mixed procedure of SAS . Daily feed consumption, body weight gain 
and feed conversion ratio were not affected by incubation lighting treat-
ments (P > 0 .05) . However, a 2-way interaction effect of light treatment 
and gender resulted in the male birds hatched from white light being 
heavier than that in the blue light treatment during the first week post-
hatch . These results indicated that the illumination of white LED light 
with photoperiod can help chicks have a better start during the early 
stage of production phase .

Key Words: broiler, incubation, light wavelength, photoperiod, 
growth performance

35   Impacts of dietary crude protein and breed selection on soil 
health, survivability of Eimeria, and crude protein digestibility 
in backyard poultry farms. Maureen Reiser*1, Zac Williams2, and 

Toree Bova1, 1University of Findlay, Findlay, OH, 2Tennessee Tech-
nological University, Cookeville, TN.

In recent years the number of backyard and small poultry farms has 
increased substantially . With very little research to rely on most of these 
farmers utilize the internet and anecdotal evidence for best management 
practices and controlling diseases such as coccidiosis . Most small-scale 
meat-type poultry farms utilize a moveable enclosure where birds are 
moved around pasture to enhance fertilization and utilization of forage . 
Birds infected with Eimeria can further distribute oocysts in the environ-
ment after rotation of housing, potentially infecting subsequent flocks. 
Small-scale farmers also utilize the movement of birds around pastures 
to add fertilizer, as chicken excreta is an excellent source of nitrogen . 
Objective of the current study was to examine Eimeria concentration 
in soil over time and excretion of crude protein in chickens fed diets of 
varying protein . The 2 × 2 factorial design included 2 diets, 16 and 22% 
CP, and 2 chicken breeds, Freedom Rangers (FR) and Cornish Crosses 
(CC) . Chickens were housed in one of 4 moveable enclosures measuring 
4 .5 m × 4 .5 m and moved onto new pasture every 12 h . Each enclosure 
contained one the following treatments: 50 CC fed 16% CP, 50 CC fed 
22% CP, 50 FR fed 16% CP, or 50 FR fed 22% CP . After enclosures were 
moved, soil and excreta samples were taken at 0 h, 12 h, 14 d, and 30 
d, post bird removal . Eimeria oocysts were counted from each sample . 
Data were analyzed using GLM Method (P ≤ 0.05) and when appropriate 
Tukey HSD in SPSS. A significant difference of Eimeria oocyst pres-
ent in relation to breed was seen at 2 weeks, Freedom Rangers 150 and 
control 12.5 oocysts/g soil (+/−21.4), but no difference was observed at 
1 mo (P ≤ 0.01). Dietary CP level effected soil Eimeria at 12 h and 30 
d with significantly more oocysts in soils of chickens fed 16% protein 
diet compared with control plot with no difference between 22% CP and 
control or 16% CP (P ≤ 0.01). At 12 h soil from 16% CP diet averaged 
143.7 oocysts/g compared with control with 62.5 (+/−19.4). After 30 
d 16% CP diet soil had 100 oocysts/g and control had 12.5 (+/−18.8). 
This study demonstrates a possible connection between breed selection 
and dietary crude protein with regards to controlling Eimeria in small 
scale, meat type chicken farms .

Key Words: Eimeria, crude protein, backyard, breed, soil health

36   The effects of stocking density on turkey tom performance 
to 16 weeks of age. Kailyn Beaulac*, Henry Classen, Susantha 
Gomis, and Karen Schwean-Lardner, University of Saskatchewan, 
Saskatoon, SK, Canada.

Stocking density (SD) is one of the primary drivers of economic return 
for poultry producers . However it can have a large impact on bird health 
and wellbeing . While broiler SD has been evaluated in depth, much less 
is known in regards to the effects of SD on turkeys . This study (one 
experiment composed of 2 trials) evaluated the effects of increasing 
SD on turkey tom productivity (1,434 Nicholas Select poults/trial) . 
For each trial, birds were weighed and randomly allocated to 4 density 
treatments (final estimated density at 16 wk of 30, 40, 50, or 60 kg/m2 
plus 5% additional birds for mortality adjustment) with 2 replicates 
per treatment, and placed into large individual rooms (6 .71 m × 10 .06 
m) . Feeder and drinker space were equalized on a per bird basis . Air 
quality (carbon dioxide and ammonia) was monitored and adjustments 
to ventilation were made when necessary to equalize treatment differ-
ences . Mortality was recorded daily and both dead birds and culls were 
necropsied for cause of death . Group body weight and feed consumption 
were recorded at 4, 8, 12, and 16 wk of age and body weight gain and 
feed efficiency were calculated for each time period. Individual body 
weight (20 birds/replicate) was recorded at 12 and 16 wk of age to assess 
uniformity . Regression analyses were performed using Proc Reg and 
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RSReg of SAS 9.4 with estimated final SD as the independent variable. 
Differences were considered significant when P ≤ 0.05 (trends P ≤ 0.10). 
Body weight decreased in a quadratic manner as SD increased (18 .78, 
18 .71, 18 .55, and 18 .13 kg for 30, 40, 50, and 60 kg/m2 respectively) . 
Body weight gain demonstrated a decreasing linear relationship with 
increasing SD . Mortality corrected feed-to-gain ratio for the 0 – 16 wk 
period demonstrated an increasing quadratic relationship with increasing 
SD (2 .28, 2 .28, 2 .31, and 2 .34 for 30, 40, 50, and 60 kg/m2 respectively) . 
Overall feed consumption (0–16 wk) and body weight uniformity was 
not affected by increasing SD . Total percent mortality was unaffected 
by increasing SD (14 .14, 12 .73, 10 .23, and 13 .35 for 30, 40, 50, and 
60 kg/m2; linear P = 0 .5405, quadratic P = 0 .3508) . Overall, the results 
demonstrate that increasing SD negatively affects bird performance 
including final body weight, body weight gain, and feed-to-gain ratio, 
however overall mortality may not be affected by increased SD .

Key Words: rearing density, performance, turkey, growth

37   Effect of stocking density on live performance and leg 
health on broilers up to 49 d. Viviana San Martín*, Edgar Oviedo-
Rondón, Albaraa Sarsour, Hernan Cordova-Noboa, Pedro Ferzola, 
Kenneth Anderson, Jesse Grimes, and Kimberly Livingston, North 
Carolina State University, Raleigh, NC.

Stocking density is important in the poultry industry . However, there is 
no agreement on which density is most appropriate for animal welfare . 
One study was conducted to evaluate the effects of changing floor space 
availability with same feeder and drinker space and equal flock size on 
live performance and leg health . Pens were built to provide 8 .12, 7 .55, 
6 .96, and 6 .37 m2 . Four replicate pens per stocking density were used . 
In each pen 9 nipple drinkers and 1 tube feeder was used . Consequently, 
stocking density treatments were 10 .59, 11 .39, 12 .36, and 13 .50 chicks/
m2 at placement . A total of 1,376 Ross 708 male chicks were randomly 
placed in 16 pens with new wood shavings with 86 chicks/pen . BW, feed 
intake, footpad dermatitis incidence (presence or absence) and sever-
ity (scores from 0 to 9), and leg problem incidence were recorded and 
evaluated in all chickens at 14, 35 and 48 d . At 48 d, individual BW of 
40 chickens randomly selected in each pen were obtained to determine 
flock uniformity as CV%. BW gain and FCR were calculated for each 
period . All data were analyzed using the one-way ANOVA, regression 
analyses using JMP 12 . Tukey’s test was used for mean separation . 
Results of live performance indicated that the average final density 
at 48 d in kg/m2 was 34.37, 36.37, 40.77, and 41.74 ± 0.80. The final 
density in broilers/m2 was 10 .10, 10 .89, 11 .82, and 12 .59 . However, no 
significant differences (P > 0 .05) among stocking density treatments 
were detected in this study for BW, BW gain, feed intake, and FCR . 
Increasing stocking density aggravated (P < 0 .01) the footpad dermatitis 
severity as demonstrated by higher average scores in all periods evalu-
ated . The same effects of increasing stocking density were observed on 
hock burns (HB) at 35 and 48 d . On the contrary, the lowest (P < 0 .05) 
valgus (VL) incidence was observed on the treatment with the highest 
stocking density (13 .50 chicks/m2) and the highest incidence of VL at 
11 .39 m2/bird at 14 and 35 d . At 14 d, VL incidence decreased linearly 
(P < 0 .0001) as stocking density increased . No effect (P > 0 .05) on VL 
incidence was detected at 48 d . Crooked toe (CT) incidence decreased 
linearly (P < 0 .05) as stocking density increased . In conclusion, stocking 
density at placement did not affect live performance . However, higher 
stocking density affected animal welfare by increasing footpad dermatitis 
and HB and decreasing VL .

Key Words: stocking density, broiler, leg health, animal welfare

38   Effect of stocking density on carcass and cut up yields, 
and meat quality of broilers up to 49 d. Santiago Alvarez*2, Edgar 
Oviedo-Rondón1, Albaraa Sarsour1, Hernan Cordova-Noboa1, Pedro 
Ferzola1, Kenneth Anderson1, Jesse Grimes1, and Kimberly Livings-
ton1, 1North Carolina State University, Raleigh, NC, 2Universidad 
Nacional de Colombia, Bogota, Cundinamarca, Colombia.

Higher stocking density is a welfare concern within the poultry industry 
which does not seem to affect broiler performance . One study was con-
ducted to evaluate the effects of changing floor space availability with 
similar drinker and feeder space and number of chicks at placement on 
carcass and cut up yields, and meat quality of broilers up to 49d of age . 
Pens were built to provide 8 .12, 7 .55, 6 .96, and 6 .37 m2 . Four replicate 
pens per stocking density were used . In each pen 9 nipple drinkers and 
1 feeder tube with 20-inch diameter was used . Consequently, stocking 
density treatments were 10 .59, 11 .39, 12 .36, and 13 .50 chicks/m2 at 
placement . At hatch, 1,376 Ross 708 male chicks were placed in 16 
pens with new wood shavings with 86 chicks/pen . At 48 d, 40 birds/pen 
were individually weighed and 13 birds/pen were selected for processing 
representing 2 standard deviations above and below the average . Broil-
ers were processed at 49 d after 12 h of feed withdrawal . Total carcass, 
wings, leg quarters, and breast meat weights and yields were recorded 
and calculated relative to live and carcass weight . Additionally, breast 
meat quality parameters were measured which included pH, color, shear 
force, drip, and cook loss . All data were analyzed using the one-way 
ANOVA, regression analyses using JMP 12 . Tukey’s test was used for 
mean separation . Based on the results of live performance, the average 
final density at 48 d in kg/m2 was 34 .37, 36 .37, 40 .77, and 41 .74 . The 
final density in broilers/m2 was 10 .10, 10 .89, 11 .82, and 12 .59 . No dif-
ferences among treatments (P > 0 .05) were observed on carcass, or cut 
up parts yields . However, carcass yield increased linearly (P < 0 .05) as 
stocking density increased . Stocking density had a quadratic effect (P 
< 0 .05) on breast meat pH after 6 h of slaughter . Moreover, breast meat 
pH after 24 h of processing increased linearly (P < 0 .01) with higher 
stocking density . At 24 h post-processing, breast meat samples from 
the highest stocking density had higher (P < 0 .05) pH than samples 
from chickens raised at 10 .59 and 11 .39 m2/chick . Nonetheless, color, 
shear force, drip and cook loss were not affected (P > 0 .05) by stock-
ing density . In conclusion, stocking densities did not affect carcass or 
cut up yields . However, higher stocking densities affected some meat 
quality parameters .

Key Words: stock density, broiler, carcass, cut up yield, meat quality

39   Thermal manipulation of commercial lines selected for 
different market ages and the impact on breast meat yield and 
meat quality characteristics. Sara Orlowski*1, James Mason2, Alex 
Gilley1, and Nicholas Anthony1, 1University of Arkansas, Fayette-
ville, AR, 2Aviagen, Crossville, TN.

Muscle development during embryonic and early post hatch growth is 
primarily through hyperplastic growth (increase in muscle fiber number) 
and accumulation of nuclei through satellite cell contribution . Post 
hatch, muscle development transitions from hyperplastic to hypertro-
phic growth (increase in muscle fiber size). Currently, muscle growth 
selection in the industry promotes increased body weight and growth 
through muscle fiber hypertrophy. Thermal manipulation (TM) during 
embryogenesis has been shown to promote growth, possibly due to an 
increase in hyperplasia . The purpose of this study was to evaluate the 
growth and meat quality parameters of 2 lines varying in growth rate 
and processing age under TM conditions . Line A is typically grown for 
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use in a whole bird/parts market while Line B is a higher yielding bird 
grown for use in the debone market . Both lines were separated into a 
control (C) (constant temperature of 37 .8°C) and TM treatments (tem-
perature increased to 39 .5°C for 6 h between embryonic d 16 and 18) (n 
= 360 line/trt) . A hatch window was recorded and birds were sampled at 
d 4 and 7 and necropsied for analysis of parts weights . Birds sampled 
at d 46 and 60 were also evaluated for meat quality characteristics 
including breast muscle color, pH, drip loss and tenderness . Data was 
analyzed using a 3-way full factorial ANOVA (line/trt/sex) and means 
were separated using Duncan’s HSD (P < 0 .05) . For lines A and B at d 
4 and 7, the TM groups exhibited a higher body wt than the C groups . 
The TM groups exhibited improved body weights up to d 35 for both 
lines . For Line A, the TM group showed an improved FCR compared 
with the control (C = 1 .16 ± 0 .02, TM = 1 .06 ± 0 .01) . The TM group 
had an improved breast percentage at d 60 (C = 21 .29 ± 0 .22, TM = 
22 .02 ± 0 .29) for Line A and at d 60 (C = 23 .16 ± 0 .29, TM = 23 .97 ± 
0 .27) for Line B . Evaluations of meat quality parameters showed no 
difference between the C and TM groups for either line . TM may be a 
beneficial way to promote growth by targeting hyperplastic growth with 
no negative impact on meat quality traits .

Key Words: broiler, thermal manipulation, meat quality, hyperplasia, 
muscle growth

40   Effects of infrared beak treatment on early pullet feed 
intake, water intake, and body weight. Sarah Struthers*, Henry 
Classen, Susantha Gomis, and Karen Schwean-Lardner, University of 
Saskatchewan, Saskatoon, SK, Canada.

The effects of infrared beak treatment (IRBT) on early pullet feed intake 
(FI), water intake, and body weight (BW) gain were examined using 
Lohmann LSL-Lite (LW) and Lohmann Brown (LB) pullets . IRBT set-
tings were adjusted to create specific beak shapes: shovel (SHV) (top 
much shorter than bottom), step (ST) (intermediate differentiation), stan-
dard (STAN) (small differentiation), and a sham (C) untreated control . 
Birds were treated on day of hatch . Birds were given access to water 
either through nipple drinkers or chick founts . Treatments (trt) were 
arranged in a 4x2x2 factorial arrangement, in a completely randomized 
design . Birds (n = 160) were housed in cages (8 reps per IRBT, 16 reps 
per strain or 16 reps per drinker type) . Feed was weighed at 0, 2, and 
4 wk for intake and efficiency calculation. Water intake was measured 
every second day from 0 to 4 wk . All birds were weighed at 0, 2, and 
4 wk to calculate BW gain . Production data were analyzed using Proc 
Mixed (SAS 9 .4) with Tukey’s range test to separate means . Differences 
were considered significant when P ≤ 0.05 and a trend was noted when 
P ≤ 0.10. IRBT did not affect FI or BW. Strain affected FI over the 2–4 
wk period (28 .6 vs . 30 .6 g/bird/d for LW and LB; P = 0 .03), and BW 
at 2 wk (128 .4 vs . 138 .1 g for LB and LW; P = 0 .002) . A trend was 
noted at 1–2 wk (P = 0 .06) with LW consuming more water than LB 
and differences were significant at 3–4 wk (51.4 vs. 48.4 g/bird/d; P = 
0 .02) . A trend was noted for the effect of strain on BW at 4 wk as LB 
were heavier than LW (320 .4 vs . 309 .4 g; P = 0 .10) . No effect of trt or 
strain was observed for feed efficiency. At 0–1 and 1–2 wk, drinker type 
affected water intake . Birds with founts consumed more water than birds 

with nipple drinkers . An interaction was seen between trt and drinker 
type on water intake at 2–3 wk and 3–4 wk, with intake being similar 
between trt for fount drinkers . When water was supplied with nipple 
drinkers, C birds consumed more water than treated birds . Overall, the 
results indicate that IRBT did not negatively affect early FI or BW gain 
and that strain may play a role in BW and FI . The results also suggest that 
when 360-degree nipple drinkers were used, untreated birds consumed 
more water. However, the differences were not significant enough to 
affect feed intake or body weight .

Key Words: Lohmann, nipple drinker, fount drinker, production

41   Carbon dioxide and nitrogen infused compressed air foam 
for depopulation of caged laying hens. Shailesh Gurung*, Dima 
White, Gregory Archer, Dan Zhao, Yuhua Farnell, and Morgan Far-
nell, Texas A&M AgriLife Research, College Station, TX.

Poultry infected with a reportable disease are quickly removed to prevent 
the spread of virulent pathogens. Firefighting foam and whole house 
gassing may be used, in emergencies, for depopulation of floor-reared 
poultry . However, methods available for the rapid and humane depopula-
tion of commercial caged layers, during reportable disease outbreaks, are 
limited . We hypothesized that adding carbon dioxide (CO2) or nitrogen 
(N2) to compressed air foam (CAF) would reduce physiological stress 
and shorten time to cessation of movement . The objective of this study 
was to evaluate and compare the efficacy of compressed air foam 
infused with carbon dioxide and nitrogen for depopulation of caged 
laying hens with CAF and gas inhalation methods . The experiment 
consisted of 6 treatments: negative control (normal handling, NEG), 
50% CO2, 100% N2, CAF, CAF infused with 50% CO2 (CAF CO2), 
and CAF with 100% N2 (CAF N2) . The study had 5 replications, and in 
each replicate 4 spent layer hens were randomly assigned to a treatment . 
Accelerometers were attached to the shank of each hen to determine 
time to cessation of movement . Blood was collected by venipuncture 
in the NEG treatment and via the femoral artery from birds killed by 
the remaining treatments . Corticosterone was measured using a com-
mercially available competitive ELISA . Means were compared by one-
way ANOVA using the GLM procedure. Significant means were further 
analyzed using a Tukey post hoc test . Corticosterone concentrations of 
hens subjected to all 6 treatments were not significantly different (P = 
0 .4132) . The mean serum corticosterone concentrations were: 12 .97 ng/
mL NEG, 10 .31 ng/mL CO2, 9 .42 ng/mL N2, 13 .11 ng/mL CAF, 12 .93 
ng/mL CAF CO2, and 7 .56 ng/mL CAF N2 . Hens subjected to the CO2 
and N2 treatments had significantly reduced (P < 0 .0001) times to ces-
sation of movement as compared with the foam treatments . Mean time 
to cessation of movement was 70 .6 and 75 .1 s for hens in the CO2 and 
N2 alone treatments, respectively . Cessation of movement time for hens 
in the CAF, CAF CO2, and CAF N2 treatments were 142 .9, 149 .5, and 
135 .2 s, respectively . These data suggest that infusion of CO2 and N2 
into compressed air foam is similar in terms of stress levels and time to 
cessation of movement with respect to the CAF control group .

Key Words: depopulation, avian influenza, compressed air foam, 
layers
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42   In vivo evaluation of acetyl-CoA carboxylase inhibitors as 
novel anticoccidial drug candidates in broiler chickens. Emily 
Kimminau*, Stacy Galaviz, Bill McCutchen, Jim Sacchettini, Manchi 
Reddy, Nian Zhou, Jason Lee, and Tri Duong, Texas A&M University, 
College Station, TX.

Infection by Eimeria, the causative agent of coccidiosis, is the most 
important parasitic disease in poultry and costs the industry an esti-
mated US$3 billion yearly. These protozoan parasites have traditionally 
been controlled using anticoccidial drugs and live coccidian vaccines . 
However, the development of drug resistance and consumer and regu-
latory pressures for antibiotic-free poultry production have increased 
the need for development of novel interventions . We have developed 
broad-spectrum inhibitors of parasite acetyl-CoA carboxylase (ACCase), 
the first step in fatty acid biosynthesis and elongation. In this study, we 
conducted a preliminary evaluation of the efficacy of 9 novel ACCase 
inhibitors as anticoccidial compounds in reducing the coccidiosis lesions 
and growth performance losses in experimentally infected broiler chicks 
over 18 d of growth . Broilers were administered the candidate anticoc-
cidials in-feed and experimentally infected (100,000 oocysts/broiler) . 
Uninfected unmedicated, infected unmedicated, and infected medicated 
(salinomycin, 60g/ton) broilers served as controls. No significant 
improvements in body weight, body weight gain, or feed conversion 
were observed in broilers administered candidate drugs relative to 
infected controls (P > 0 .05) . However, several of the compounds were 
observed to reduce gross intestinal lesion scores relative to the infected 
control . Of the candidate anticoccidial drug compounds we evaluated, 
5 compounds were observed to reduce lesion scores in the duodenum 
(P < 0 .05), 4 compounds were observed to reduce lesion scores in the 
jejunum (P < 0 .05), and 1 compound was observed to reduce lesion 
scores in the ceca (P < 0 .05) . We have demonstrated administration 
of ACCase inhibitors to be effective in reducing coccidiosis lesions 
in experimentally infected broiler chickens . The results or our study 
suggest that ACCase inhibitors may be a potentially important class of 
candidate drug compounds for reducing infections by Eimeria spp . and 
other parasites in poultry .

Key Words: Coccidia, anticoccidial

43   Impact of drinking water quality on cellular antimicrobial 
responses in broiler chickens. Juan More Bayona*, Anbu Karup-
pannan, Caitlin Thomson, Jeremy Wakaruk, and Daniel Barreda, 
University of Alberta, Edmonton, AB, Canada.

Water is one of the most important nutrients for all living organisms 
due to its essential relevance in biological processes . In the livestock 
industry, production animals consume twice as much water than any 
other nutrient . Here, we evaluated the effect of drinking water quality 
on the acute immune responses of broiler chickens. Briefly, chickens 
were distributed in an acute 7-d exposure to raw agricultural well 
water or tap water (control) . After exposure, chickens were evaluated 
for immune performances under basal and challenged conditions . We 
took advantage of a well-known pathogen mimic, zymosan, to induce 
a self-resolving intra-abdominal inflammatory process. Following chal-
lenge, chickens were euthanized and cellular contents were recovered 
through abdominal lavage at different time points (0, 4, 12 and 48 h) . 
Early immune capacity was assessed through total leukocyte infiltration, 
recruitment of individual leukocyte subsets and activation of antimi-
crobial responses. Comparison identified significant effects on immune 

capacity based on leukocyte recruitment and antimicrobial responses . 
Macrophage and heterophil subsets also displayed differential responses 
4 and 12 h post-challenge, corresponding induction phases and peak of 
acute inflammation, respectively.

Key Words: innate immunity, acute inflammation, drinking water 
quality, macrophage, broiler chicken

44   Evaluation of autofluorescent Eimeria maxima oocysts as 
a potential indicator of non-viability when enumerating oocysts. 
Lesleigh Beer*2, Lisa Bielke1, John Barta3, Olivia Faulkner2, Juan 
Latorre2, Whitney Briggs1, Kim Wilson1, Mikayla Baxter2, Guill-
ermo Tellez2, and Billy Hargis2, 1Ohio State University, Wooster, 
OH, 2University of Arkansas Division of Agriculture, Fayetteville, 
AR, 3Ontario Veterinary College, University of Guelph, Guelph, ON, 
Canada.

Coccidiosis control in poultry now depends upon vaccination through 
controlled exposure to live Eimeria oocysts either as sole means or as 
an adjunct to refresh resident isolate sensitivity . Effective vaccination 
depends on careful enumeration and blending of polyvalent vaccines . 
Aging, poor oxygenation, or temperature abuse can lead to variable 
oocyst viability, which is not readily assessed microscopically . Under 
fluorescent microscopy, some aged Eimeria maxima (EM) oocysts 
were strongly autofluorescent within the oocystoplasm and sporo-
cysts, whereas others were distinctly non-fluorescent, leading to the 
hypothesis that non-viable oocysts may be detectible using this simple 
approach . Two experiments were conducted using accelerated aging at 
45 C to evaluate effects of variable percentages of autofluorescent EM 
oocysts on BWG, lesion scores (LS), and mean total oocyst shedding 
(OS) . Via oral gavage, EM oocysts were administered on d10 while 
LS and BWG were determined d5 post-inoculation . In experiment 
1, treatment groups consisted of non-challenged controls (n = 15), or 
25,000 EM exhibiting either 12 .8% (n = 14), 61 .1% (n = 10), or 93 .3% 
(n = 10) autofluorescence (AF). BWG in 12.8% AF group was lower 
(P = 0 .054) than non-challenged control . LS were higher (P < 0 .05) in 
61 .1% and 12 .8% AF groups as compared with non-challenged control 
and 93 .3% AF groups . In experiment 2, treatment groups consisted 
of non-challenged controls (LS n = 20/BWG n = 40), or 22,500 EM 
exhibiting either 7%AF (LS n = 20/BWG n = 40), 80 .6%AF (LS n = 
19/BWG n = 39), or 99%AF (LS n = 19/BWG n = 39) . BWG in 7% 
AF group was lower (P < 0 .05) than non-challenged control and 99% 
AF groups . LS were higher (P < 0 .05) in 80 .6% and 7% AF groups as 
compared with non-challenged control and 99% AF groups . OS from 
d 5–8 post-inoculation was determined for each of 5 replicate pens per 
group (n = 20/group; n = 4/replicate), with higher (P < 0 .05) OS in 
80 .6% and 7% AF groups than in non-challenged control or 99% AF 
groups . Taken together, these data indicate lower LS, higher BWG, and 
reduced OS with higher %AF oocysts, consistent with the hypothesis 
of lowered viable challenge . Under these accelerated aging conditions 
at 45 C with this EM isolate, AF may be an indicator of non-viability .

Key Words: broiler, coccidiosis, Eimeria maxima, autofluorescence, 
non-viability

45   Evaluation of Pichia and Bacillus subunit vaccines for 
protection against Eimeria maxima in broilers. Audrey Duff*1, 
Whitney Briggs1, Kim Wilson1, Kaylin Krueger1, Leona Calhoun2, 
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Billy Hargis2, Young Min Kwon2, and Lisa Bielke1, 1The Ohio State 
University, Columbus, OH, 2University of Arkansas, Fayetteville, AR.

Live oocyst vaccination continues to be a primary method of preven-
tion for Eimeria disease in poultry . This practice has been associated 
with reduced performance and development of opportunistic diseases 
such as necrotic enteritis . Subunit vaccines may offer an opportunity 
to vaccinate without live oocysts . In 2 separate experiments, Bacillus 
subtilis and Pichia pastoris vaccine vectors containing selected Eimeria 
antigens and immune-enhancing molecules were tested for protection 
against E. maxima (EM) challenge . Different administration routes and 
doses were used to vaccinate 200 d of hatch (DOH) chicks with respect 
to treatments: unvaccinated control (Exp 2 only); Bacillus (108 cfu/bird) 
killed in modified chitosan adjuvant (MCA) via oral (O); Pichia low 
dose (L; 106 cfu/bird) via O; Pichia high dose (H; 107 cfu/bird) via O, 
subcutaneous (SC), or combination of SC/O; Pichia MCA H via O or 
SC; and Pichia MCA L via O or SC . On d14, birds received O booster 
respective to treatment, followed by EM challenge (104 cfu/bird) on 
d23 . Measurements were collected for body weight gain (BWG) on 
d23 and d28, intestinal lesion scores (LS) on d28, and fecal oocyst 
shedding (OPG) d 28–32 (Exp1) or 28–38 (Exp2) . In Exp 1, Bacillus 
MCA O and Pichia MCA H O/O had the lowest LS (0 .92), which were 
significantly lower (P < 0 .05) than Pichia H SC&O/O (2 .33) . No dif-
ferences in BWG were observed, likely due to high variability of body 
weight at the start of challenge . Pichia L O/O OPG counts were lowest 
throughout the post-challenge period . In Exp 2, LS lacked statistical 
difference, but Pichia MCA L LS were highest (2 .00) and Pichia live 
L were lowest (1 .30) . No differences in BWG observed in Exp2 . OPG 
counts appeared uninfluenced by the vaccine, perhaps due to low shed-
ding in the unvaccinated control . Pichia live H SC&O/O significantly 
reduced (P < 0 .05) OPG 7 d post-challenge . This suggested combined 
SC & O administration on DOH prompted faster clearance of EM, and 
displayed OPG data as a useful indicator of vaccine efficacy. These stud-
ies suggested vaccine efficacy under some parameters. The outcomes 
also reflect the importance of BW homology at challenge, and the 
necessity of a challenge strain capable of yielding statistical differences 
within BWG and LS data .

Key Words: Eimeria, Pichia, vaccine, oocyst, broiler

46   Resources for identifying and disinfecting Heterakis gallina-
rum, the vector for Blackhead disease. Katherine Cupo*1, Roshan 
Adhikari2, and Robert Beckstead1, 1North Carolina State University, 
Raleigh, NC, 2University of Georgia, Athens, GA.

Heterakis gallinarum is a nonpathogenic cecal worm whose eggs are 
a vector for Histomonas meleagridis, the causative agent of Blackhead 
disease . To prevent the spread of Blackhead on poultry farms, it is 
necessary to have a method to detect H.gallinarum in the environment 
and be able to disinfect affected areas of H. gallinarum eggs; to date no 
protocols have been produced for either purpose . Herein we present 1) 
the identification of polymerase chain reaction (PCR) primers sensitive 
to H. gallinarum, as well as, 2) a novel methodology to evaluate the 
ability of disinfectants to disrupt the shell of H. gallinarum eggs . For 
the first objective, fragments of the H. gallinarum genomic DNA were 
cloned in pBluescript plasmids . A total of 33 DNA clones were isolated 
and sequenced . From the sequence data 14 of the clones encoded for 
proteins that showed homology to proteins from known species of 
nematodes . One sequence was identical to the only known sequence 
available for H. gallinarum . Four PCR primer sets were designed 
against cloned DNA and tested against 3 isolates of H. gallinarum 

DNA as well as DNA from roundworm, tapeworm, H. meleagridis, 
and a water negative control. PCR products were only amplified in 
reactions containing H. gallinarum DNA demonstrating the sensitivity 
of the 4 primers sets to H. gallinarum . Work will be continued to test 
the sensitivity of these primers sets to identify H. gallinarum eggs in 
litter samples from poultry houses . A methodology for evaluating the 
effects of disinfectants on H. gallinarum eggshell integrity was tested 
by treating approximately 100 H. gallinarum eggs per sample in each 
well of a 24-well plate with either 10% bleach or water . After 2, 4, or 
24 h of contact, samples were treated with Trypan Blue to determine 
the percentage of damaged eggs that could take up the dye . At each 
time point, 100% of the 10% bleach treated eggs were blue indicating 
the treatment had ruptured the eggshell . None of the water treated eggs 
had taken up the dye . This protocol will be used to test the ability of 
other disinfectants to disrupt H. gallinarum eggshell integrity . Future 
research will be performed to determine if eggs that have taken up the 
blue dye are no longer infective to poultry .

Key Words: Heterakis gallinarum, Blackhead disease, DNA 
sequencing, PCR, chemical disinfectant

47   Comparison of multiple methods for induction of necrotic 
enteritis in broilers. Kim Wilson*1, Kaylin Krueger1, Audrey Duff1, 
Whitney Briggs1, Denise Rodrigues1, Juan Latorre2, Billy Hargis2, 
John Barta3, and Lisa Bielke1, 1Ohio State University, Columbus, 
OH, 2University of Arkansas, Fayetteville, AR, 3University of Guelph, 
Guelph, ON, Canada.

Multiple research models exist for studying necrotic enteritis (NE) in 
broilers . A common method is a combination of Eimeria maxima (EM) 
and Clostridium perfringens (CP) . However, breakouts of this disease 
have been reported to occur independent of EM, and to be related to CP 
strains that produce NE toxin B (NetB) . We compared several methods 
of inducing NE in broilers to study the role of NetB in clinical NE . In the 
first experiment, treatments consisted of non-challenged control (NC), 
EM + non-NetB CP (EMCP), non-NetB CP (nonNetB), NetB strain 
CP 1 (NetB1), NetB strain CP 2 (NetB2) or NetB strain CP 3 (NetB3) . 
All groups, except NC, were challenged with 104 cfu of Salmonella 
Enteritidis on day of hatch . On d12, EMCP birds were weighed and 
challenged with 2×104 EM oocysts . On d16-d19, nonNetB and NetB1–3 
groups were challenged with 50 mL of 106 to 108 cfu/mL CP directly 
onto the feed once daily, all birds were weighed d16 . On d17, EMCP 
birds were challenged with 108 cfu CP via oral gavage . On d23, all 
birds were weighed for body weight (BW), BW gain (BWG) and lesion 
scores (LS) . Average BW at d16 were similar in all groups, while % 
BWG was significantly different (P < 0 .05) between NC, nonNetB and 
NetB1–3 treatments (37 .91 ± 0 .86; 42 .18 ± 1 .40; 44 .42 ± 0 .69; 44 .00 ± 
0 .90; 44 .17 ± 1 .15, respectively) . D23 BW in EMCP were similar to all 
other CP treated groups . LS for NC and EMCP were statistically similar 
(0 .25 ± 0 .10; 0 .45 ± 0 .14, respectively), though different (P < 0 .05) from 
nonNetB and NetB1 challenge groups (both 0 .60 ± 0 .13) . If evaluated 
on a negative/positive scale (LS 0 = negative, all other LS = positive), 
the number of positive LS ranged from 5/20 in NC to 11/20 in nonNetB 
and NetB1 groups. Another experiment that measured the influence of 
EM and nonNetB CP on BWG, similar to EMCP except the number of 
EM oocysts increased to 4x104, resulted in a 97g decrease (P < 0 .05) 
in BWG 5d after EM challenge . 3d after nonNetB CP administration, 
the BWG gap between NC and EMCP widened by 235g (P < 0 .05) . 
These studies suggest that Net-B positive strains of CP can induce NE 
lesions comparable to non-NetB strains, though the final BW did not 
differ from the EMCP model . Further research to investigate EMCP and 
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NetB models are essential for studying the pathogenesis and treatment 
strategies against NE in poultry .

Key Words: necrotic enteritis, Clostridium perfringens, Net B, lesion 
scores

48   Using embryonated chicken eggs from MHC inbred lines 
as a novel resistant/susceptible model to study host responses 
to infectious bronchitis virus. Ali Nazmi* and Rodrigo Gallardo, 
University of California Davis, Davis, CA.

The objective of this study was to investigate the use of embryonated 
chicken eggs from major histocompatibility complex (MHC) inbred lines 
as a new model to study infectious bronchitis virus (IBV) host responses . 
Establishment of such a model for disease resistance/susceptibility will 
not only reduce the cost of experiments, but will also make experiments 
more efficient, fast and humane. The Chicken MHC, also known as B 
locus, is associated with host resistance to different infectious viral dis-
eases, i .e ., avian leucosis, Marek disease, Rous sarcoma, bursal disease, 
and IBV . Prior experiments in our lab using the available MHC inbred 
chicken lines from UC Davis have found that live chickens from the 
MHC 331 and the MHC 335 lines are resistant and susceptible to an IBV 
M41 challenge respectively . In the current project, embryonated eggs 
from lines 331, 335 and White Leghorn (W36) were inoculated with an 
IBV-M41 field strain at a concentration of 105 50% embryo infectious 
dose (EID50) into the allantoic cavity at d 13 of embryonation . Eggs were 
observed until d 21 of embryonation at which incubation was terminated . 
Embryo survival rate, the percentage of embryo to egg weight, and viral 
load in allantoic fluid were measured. Embryo mortality started at 3 d 
post-inoculation (dpi) in W36, and 6 dpi in MHC 331 and 335 lines . 
The MHC 331 line showed the highest survival rate (28%) followed by 
the MHC 335 line (10%) and W36 (0%) . All infected lines had lower 
(P < 0 .001) embryo weight % compared with the non-infected controls, 
with no statistical difference between infected lines . At 5 dpi, infected 
MHC 331 had slightly lower viral load than infected MHC 335 with no 
significance. Using the results of this pilot experiment, we are currently 
evaluating other inbred line embryonated eggs .

Key Words: inbred lines, embryonated eggs, IBV, MHC, resistance

49   The antibody-guided vaccine method provides full protec-
tion against H5N1 HPAI challenge. Christine Vuong*2, Wen-Ko 
Chou2, Whitney Briggs1, Amanda Wolfenden3, Olivia Faulkner3, 
Melina Jonas4, Darrell Kapczynski5, Billy Hargis3, Lisa Bielke1, and 
Luc Berghman2, 1Ohio State University, Wooster, OH, 2Texas A&M 
University, College Station, TX, 3University of Arkansas, Fayetteville, 
AR, 4Medion Vaccine Company, Bandung, Indonesia, 5United States 
Department of Agriculture, Atlanta, GA.

Antibody-guided vaccine delivery has been previously examined 
in poultry, characterized by vaccine targeting to the CD40 receptor 
expressed on professional antigen-presenting cells to permit direct 
delivery of vaccine targets to the immune system . Previous evaluation of 
this system in poultry has been limited to delivery of synthetic peptides 
and measuring immunogenicity, which demonstrated increased serum 
IgG and tracheal IgA levels in vaccinated birds within one week of vac-
cine administration . In this study, the antibody-guided vaccine model 
was modified to allow binding of a whole pathogen in lieu of a short 
synthetic peptide. Avian influenza virus (AIV) was selected as the patho-
gen target due to its single-factorial disease causation and well-defined 
benchmark for functional protection (survival past 4 d post-challenge) . 
Initial immunogenicity studies using the AIV-loaded antibody-guided 

vaccine showed statistically higher hemagglutination inhibition titers 
compared with traditional oil-emulsion-based AIV vaccines . Further 
analysis of the AIV-loaded guided vaccine revealed subcutaneous 
administration was able to induce sustained hemagglutination inhibi-
tion titers up to 6-weeks post-vaccination . When tested for functional 
protection, the subcutaneously administered vaccine was able to pro-
vide 64% survival after highly pathogenic H5N1 challenge; if boosted, 
100% of birds survived . The results of this study demonstrates that the 
antibody-guided system can be loaded with whole pathogen, avoiding 
the need to purify and identify specific protective epitopes, while also 
successfully providing proof of principle for the unique prophylactic 
efficacy of CD40-targeted vaccines in the chicken.

Key Words: antibody-guided, vaccine, avian influenza, protection, 
poultry

50   Effect of fructoligosaccharides (FOS) on Salmonella 
colonization, immune response and ileal microbiome in laying 
hens challenged with Salmonella Enteritidis. Pratima Acharya 
Adhikari*1, Hooman Derakhshani2, Ehsan Khafipour2, and Woo 
Kyun Kim1, 1University Of Georgia, Athens, GA, 2University of 
Manitoba, Winnipeg, MB, Canada.

As an alternative to antibiotic growth promoters, prebiotics like fruc-
toligosaccharides (FOS) have been used in chicken for a decade . The 
dietary supplementation of FOS on immune response and ileal microflora 
population after Salmonella Enteritidis (SE) challenge was assessed in 
this study . A total of 30 White Leghorns (Hyline W36) were randomly 
divided into 3 dietary treatments to give 10 replicate hens per group; 
1) SE challenged control, 2) SE challenge + 0 .5% FOS and 3) SE chal-
lenge+ 1 .0% FOS . Hens were challenged with 108 cfu/mL nalidixic 
acid resistant SE (SENAR) via both oral and intracloacal route . On 7 d 
post infection, 6 hens per treatment were euthanized and sampled for 
immune genes and ileum microbiome study . mRNA expression for 
pro- and anti-inflammatory cytokines such as toll-like receptor (TLR)-4, 
interleukin (IL)-6, IL-1B, interferon gamma (IFN- γ) and IL-10 were 
measured in the ileum. There was a significant upregulation (P < 0 .05) 
of TLR-4 in 1.0% FOS and IFN- γ in both 0.5 and 1.0% FOS. However, 
no changes in other cytokines by supplementing FOS . Genomic DNA 
from ileal digesta was subjected to Illumina sequencing of the V3 and 
V4 hypervariable regions of bacterial 16S rRNA gene. After filtration 
and removing chimeric reads, assembled sequences were assigned 
to operational taxonomic units and aligned to Greengenes database . 
A total of 13,724,926 sequences were generated and an average of 
1,12,135 high-quality sequences per sample were obtained after quality 
filtering steps, which resulted in identification of phyla and taxa that 
were classified at the genus level. The bacterial α-diversity of Shannon 
and Simpson diversity index, observed species, good coverage and 
Chao1 were calculated . The rarefaction plot of Chao1 showed that the 
Principal coordinates analysis (PCoA) plots analyzed by Permanova 
for bray-curtis demonstrated significant difference (P = 0 .016) on 
ileal digesta samples in each treatment group . At the phylum level, the 
predominant members were Actinobacteria, Firmicutes, Bacteriodetes, 
Proteobacteria, and Cyanobacteria with the higher Firmicutes . At the 
genus level, the abundance of Lactobacillus increased with both 0 .5 
and 1 .0% FOS . These results provide insights into the effect of dietary 
FOS on immune response as well as concentration of ileal microbiome 
in mature laying hen .

Key Words: fructoligosaccharides, cytokine, prebiotic, hen, 
microbiome
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51   Different Salmonella serovars on performance and histo-
logical alterations in broilers. Paulo Hümmelgen*, Bruna Luiza 
Belote, Jessica Wammes, Antonio Kraieski, Ricardo Hayashi, Aline 
Silva, and Elizabeth Santin, Federal University of Paraná, Curitiba, 
Paraná, Brazil.

Non-typhoid Salmonella are known pathogens but they also silently 
infect animals, particularly poultry, as transient members of the intestinal 
microbial population causing discreet or any clinical alterations . The 
present study aimed to evaluate different Salmonella serovars on perfor-
mance and their histological alterations in liver and cecum . A completely 
randomized design with 192 one-day-old male Cobb chicks were divided 
into 04 treatments with 04 replicates and 12 birds each from one to 21 
d of age . Treatments were divided in: Control; T2-S . Enteritidis (SE); 
T3: S . Enteritidis - Rifampicin resistant (SEres); T4-S . Heidelberg (SH) . 
At 07 d of age, birds from T2, T3 and T4 were orally inoculated with 1 
mL (105 cfu/mL) of SE, SEres and SH, respectively . Performance was 
measured weekly and 03 birds per replicate were euthanized for liver 
and cecum collection at 09, 14 and 21 d of age . Histological integrity 
was measured by ISI (Intestinal Health Index) methodology, based 
on a numeric score of alteration . Parametric data were submitted to 
ANOVA and significantly different averages were compared using the 
Tukey test at 5% probability . Nonparametric data were submitted to the 
Kruskall-Wallis test at 5% probability. Our findings regarding production 
parameters showed that all Salmonella did not affect performance at any 
age period . In the liver, SE showed higher histological scores compared 
with Control group at 14 d . The most relevant alterations were conges-
tion and vacuolation (P < 0 .05) . At 21 d, SE caused vacuolation while 
SH had more lymphoid infiltration and congestion than Control group 
(P < 0 .05) . In the cecum, SE caused higher villi height and villi area 
compared with Control, SEres and SH at 9 and 21 d of age (P < 0 .05) . SH 
group showed higher villi height, width and area at 14 d, higher goblet 
cells proliferation and reduced lamina propria infiltration at all periods 
(P < 0 .05) . Colonization of several non-typhoidal Salmonella serovars 
did not affect poultry performance but they have different mechanisms 
of infections in the gut and liver . Among all tested serovars, SH was 
responsible for causing more microscopic alterations, even though it 
was asymptomatic for broilers .

Key Words: gut health, histopathology, intestinal health index, non-
typhoid, salmonellosis

52   Effect of embryonic thermal manipulation on HSP70 and 
T cell development in ducklings. Revathi Shanmugasundaram*, 
Ramesh Selvaraj, and Michael Lilburn, The Ohio State University, 
Wooster, OH.

Thermal manipulation during avian embryogenesis is one alternative 
to improving the response to post-hatch stressors such as heat stress 
or bacterial challenge . The initial induction of Hsp70 (family of con-
served molecular chaperones) in response to increased temperature 
serves to protect against both the initial insult and induces resistance 
to subsequent temperature stress . The objective of this study was to 
determine if embryonic thermal manipulation in duck embryos would 
alter HSP70 expression in the thymus and spleen and facilitate overall 
embryonic immune system development . Pekin eggs (n = 200) from 
a 37 week old breeder flock were incubated at 2 temperature profiles, 
a control or standard temperature (S: 37 .5°C) or a high (H: 38 .0°C) 
from either embryonic day(ED) (ED1–10) or (ED 11–25) . The 4 
experimental groups are as follows; (1) standard temperature during 
both ED1–10D and ED11–25 (SS); standard temperature (ED1–10D) 
and high temperature (ED11–25; SH); high temperature (ED1–10D) and 

standard temperature (ED11–25; HS); (4) high temperature (ED1–10D 
and ED11–25; HH) . On ED 25, all eggs were weighed and yolk free 
embryo weights were determined . Thymus and Spleen samples were 
collected at ED25 from 6 embryos/temperature treatment combination 
for hsp70, MHCI, and MHC-II mRNA gene expression and thymus 
CD4+ cell proportions . Duck embryos incubated at the high temperature 
from ED11–25 had reduced yolk free embryo weights compared with 
control temperature embryos (P = 0 .0495) . Embryos from the HH treat-
ment had significantly increased HSP70 expression in the thymus (3.2 
fold) and spleen (2 .8 folds; (P < 0 .0001), respectively . In the thymus, 
MHCII expression was increased 2 .8 fold in the HH treatment and 2 .5 
fold in the SH treatment . Spleen MHCII expression, however, was not 
increased by of all the treatment . In the spleen, MHC1 expression was 
significantly increased (3.3 fold) by the HH treatment compared with 
SS treatment . The percentage CD4+ cells was higher in the HH (78%), 
SH (74%), and HS (77%) embryos compared with the control (70%) 
embryos . In conclusion, an elevated incubation temperature from ED 
10–25 increased HSP70 which stimulated naive T cells to mature 
embryonically to become either the CD4+ or CD8+cells of the duck 
immune system. This study will help define future studies to determine 
if HSP70 expression will have a longer-term benefit on resistance to on 
a post hatch bacterial challenge in ducklings .

Key Words: thermal manipulation, duck embryo, HSP70, CD4+ 
CD8+

53   High throughput screening of histone deacetylase inhibitors 
that induce host defense peptide expression. Zhuo Deng*, Wentao 
Lyu, and Glenn Zhang, Oklahoma State University, Stillwater, OK.

Antibiotics are being phased out in livestock production in the United 
States, and effective alternatives of antibiotics are in urgent need . As 
important effector molecules of the innate immunity, host defense pep-
tides (HDPs) are active against a broad spectrum of microorganisms with 
an extremely low risk of developing resistance . Boosting the synthesis 
of endogenous HDPs has emerged as a novel antibiotic-free approach to 
disease control and prevention . Histone deacetylase (HDAC) inhibitors 
were recently shown to be capable of inducing HDP expression in both 
humans and several other animal species . To identify HDAC inhibitors 
with strong efficacy to induce HDPs in chickens, we developed a high-
throughput screening platform by constructing the luciferase reporter 
cell lines driven by chicken HDP gene promoters . Two stable cell lines 
were developed using a chicken HTC macrophage cells transduced with 
a lentiviral vector expressing the luciferase gene under the control of 
either a 2-Kb avian β-defensin 9 (AvBD9) or 4-Kb AvBD10 promoter. A 
148-compound Epigenetics Screening Library (Cayman Chemicals) was 
screened and 33 chemicals with a strictly standardized mean differences 
(SSMD) value of ≥3 were identified. An obvious dose-dependent induc-
tion of the luciferase gene was observed with most hits in both reporter 
cell lines . Top 22 compounds were then evaluated for their ability to 
induce both AvBD9 and AvBD10 in parental HTC cells by real-time 
RT-PCR in the secondary screening . Seven most potent compounds were 
further examined in chicken HD11 macrophage cells . Multiple HDAC 
inhibitors showed a strong HDP-inducing activity in HD11 cells . Top 
2 compounds were further confirmed in chicken jejunum explants with 
a significant HDP-inducing effect (P < 0 .05) . These HDAC inhibitors 
are being assessed in live animals and may have potential to be further 
explored as antibiotic alternatives for poultry production .

Key Words: high-throughput screening, host defense peptides, 
histone deacetylase inhibitors, antibiotic alternatives, chicken 
β-defensins
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54   Identification of natural host defense peptide-inducing 
compounds using a cell-based high-throughput screening assay. 
Wentao Lyu* and Zhuo Deng, Oklahoma State University, Stillwater, 
OK.

Medically important antibiotics have been banned from routine use in 
feed or water in the US livestock industry . Alternatives to antibiotics are 
needed to ensure animal health and productivity . With broad-spectrum 
antimicrobial and immunomodulatory activities, host defense peptides 
(HDPs) are an important first-line animal defense. Dietary compounds 
with the ability to induce endogenous HDP synthesis have emerged as 
promising alternatives to antibiotics for disease control and prevention . 
To facilitate the identification of natural HDP-inducing compounds, 
we developed a cell-based high throughput screening (HTS) assay by 
first cloning a chicken β-defensin 9 (AvBD9) gene promoter sequence 
into a luciferase lentiviral reporter vector . Chicken HTC macrophage 
cells were subsequently infected with pseudo-lentiviruses, followed by 
puromycin selection and limiting dilution . The stable cell clone stably 
expressing the luciferase reporter gene driven by AvBD9 gene promoter 
were obtained and used in a subsequent HTS assay . BIOMOL natural 
products and rare natural products libraries consisting of 596 compounds 
were screened at 20 µg/mL in 96-well cell culture plates, and a total of 
21 compounds with a Z-score of 2.0 or above were identified. After a 
secondary screening with each compound at 3 different doses, 8 with 
the capacity to enhance the luciferase activity by a minimum of 10-fold 
were selected and subsequently evaluated in parental HTC cells . As 
expected, most compounds showed an obvious dose-dependent induc-
tion of AvBD9 and several other HDP genes . Top 3 compounds were 
further assessed in chicken jejunal explants and showed a robust ability 
to induce HDP gene expression . Overall, these natural HDP-inducing 
compounds may have potential to be developed as novel alternatives 
to antibiotics for livestock applications .

Key Words: host defense peptides, high-throughput screening, 
natural products

55   Natural environmental selection differentially modulates 
the diversity of gut microbes and innate immune responses of 
feral and modern broiler chickens. Ricardo Hayashi*2, Celia 
Garcia3, Eben Gering1, Alexandra Smith4, Thomas Rehberger4, 
Isaac Cann3, Elizabeth Santin2, and Roderick Mackie3, 1Michi-
gan State University, East Lansing, MI, 2UFPR, Curitiba, PR, 

Brazil, 3University of Illinois, Urbana-Champaign, IL, 4Agro Biosci-
ences, Wauwatoosa, WI.

Feralization occurs when a domestic population recolonizes the wild, 
escaping its previous restricted environment, and has been considered 
as the reverse of domestication . Modern broiler chickens have been 
selected on growth characteristics that could adversely affect innate 
immune competence leaving chickens more susceptible to diseases . 
Understanding the feral chicken’s gut microbiota and its relation 
with immunity may provide insights to enhance performance and the 
microbiological safety of poultry products . Ileal and cecal contents of 
20 adult feral chickens from Bermuda and 12 Cobb broiler chickens 42 
d of age from the UIUC Poultry Farm were collected . Genomic DNA 
was then extracted and amplified based on primers targeting the V4 
region of 16S rRNA . Sequencing of amplicons was performed using the 
Illumina MiSeq V3 platform with paired end reads (2x300) to ensure 
recovery of the integral V4 region . The single reads were merged by 
PEAR software and subjected to phylogenetic analysis and taxonomic 
assignments using QIIME package configured for constructing OTUs 
with 97% of identity and assigning taxonomy based on the Greengenes 
reference database. We also compared the expression profiles of chicken 
toll-like receptors (TLR) genes in liver and ileum using RT-qPCR . The 
microbial communities in the feral birds were more diverse in compari-
son with the broiler communities (ileal P = 0 .008 and cecal P ≤ 0.001). 
Potentially pathogenic bacteria such as Enterobacteriaceae, Pasteurel-
laceae, Pseudomonaceae in ileum were elevated in feral chickens as 
well as populations of beneficial bacteria such as Lactobacillales and 
Bifidobacterium (P ≤ 0.05). Conventional broilers showed a higher 
abundance of Staphylococcus sp . in the ileum and Clostridiales in the 
cecum compared with feral chickens (P ≤ 0.05). Feral birds presented 
higher expression of TLR 3, 4, 5, 15 and 21 in ileum than broilers (P ≤ 
0 .05) . However, gene expression of TLR 1, 2, 3, 5, 15 and 21 in the liver 
from feral chickens was lower compared with broilers (P ≤ 0.05) which 
may be related to the higher bacterial diversity in the ileum of feral birds . 
The TLR results suggest difference in innate immune response from the 
feral birds compared with broilers, which could be due to microbiota 
diversity and environmental challenges . Rearing broiler chickens in 
more natural type of environments might improve genetic selection, 
reduce enteric diseases without reliance on subtherapeutic antibiotics 
leading to safer food supply .

Key Words: 16S rRNA, feralization, gut microbiota, next-generation 
sequencing, toll-like receptors
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56   Assessing the impact of early production molting of pullets 
on the prevalence of Salmonella, Campylobacter, and Entero-
bacteriaceae. Krista Eberle*2, Deana Jones4, Richard Gast4, Cara 
Robison1, Kenneth Anderson2, and Darrin Karcher3, 1Michigan State 
University, East Lansing, MI, 2North Carolina State University, 
Raleigh, NC, 3Purdue University, West Lafayette, IN, 4USDA-ARS, 
Athens, GA.

The US laying hen industry suffered a major loss due to highly patho-
genic avian influenza in 2015. Many of the 5.3 million pullets euthanized 
were healthy but could not be moved because of quarantine . No research 
has been conducted regarding delaying the onset of lay in pullets and 
subsequent impact on egg safety . The objective of the study was to 
assess early production molting and its impact on Campylobacter and 
Salmonella spp . prevalence, as well as total aerobes and Enterobacte-
riaceae enumeration . Twenty-four hundred Hyline W-36 pullets were 
reared in a cage-free house . At 17 wk, pullets were evenly assigned to 1 
of 4 treatments: control (C); floor (F); floor with enrichment, addition of 
perches and nest boxes (E); and floor with molt (M). The C was moved 
into a multi-tier aviary to begin lay while F, E, and M treatments were 
brought into lay in the pullet house . When production reached 10%, a 
non-anorexic diet was fed to the M birds for 6 wk . Post-molt, F, E, and 
M treatments were moved into the aviary and kept until 32 wk . Fecal 
and organ samples as well as egg shell pools (6 eggs/pool; 4 pools/
treatment) were collected per treatment and analyzed at 18, 19, 25 
and 32 wk to determine prevalence of Salmonella and Campylobacter 
spp . Total aerobic and Enterobacteriaceae levels were enumerated for 
eggshell pools collected separately from the floor (L), nest box (B), and 
aviary system wire (W) . There was no difference for Salmonella and 
Campylobacter spp . prevalence among treatments for all samples . No 
difference in aerobes or Enterobacteriaceae was detected in eggshell 
pools for all treatments at 25 and 32 wk . There was a difference (P < 
0 .01) in Enterobacteriaceae counts between the C (4 .0 log cfu/mL), F 
(7 .4 log cfu/mL) and M treatments (7 .6 log cfu/mL) at 19 wk when C 
was laying in the aviary (B and W) and F and M treatments were laying 
on the floor. For the M treatment, there was a difference for aerobes 
and Enterobacteriaceae shell pool levels pre- and post-molt . Once all 
treatments were in the aviary, total aerobe counts were higher in eggs 
from L (5 .2 log cfu/mL) and B (5 .0 log cfu/mL) compared with W (4 .3 
log cfu/mL; P < 0 .01) . All locations differed for Enterobacteriaceae, 
with L (7 .7 log cfu/mL) being highest, followed by B (6 .7 log cfu/mL) 
and W (6 .2 log cfu/mL) . The results of this study indicate that early 
production molting of floor-reared birds has little impact on egg safety 
once birds are moved into a multi-tier aviary .

Key Words: molt, Enterobacteriaceae, pullet, Campylobacter, 
Salmonella

57   Evaluation of a commercial probiotic product in controlling 
transmission of Salmonella from hens to eggs. Ayoola Onafowo-
kan* and Christine Alvarado, Texas A&M University, College Station, 
TX.

Eggs are associated with human foodborne Salmonella infection . Con-
tamination of shell eggs with Salmonella may occur before or after 
oviposition . The objective of the study was to determine the effect of 
a daily direct fed microbe on Salmonella transmission to shell eggs . 
Sixty hens were either fed a commercial layer diet (control) or control 
diet supplemented with Lactobacillus animalis (2 .6:1 g/kg feed) . At 

18 wk of age, all birds were orally challenged with log10 9 .9 cfu/ mL 
of antibiotics resistant Salmonella Enteritidis . At 26 wk, 5 layers from 
each diet were euthanized, necropsied and the microbiota of the ceca 
was analyzed for the presence of the probiotic organism . From 19 to 42 
wk of age, 22 eggs per hen diet type along with overnight collection of 
cecal contents were collected twice/ wk and analyzed for Salmonella . 
Biweekly, feed and probiotic product were tested for the population of 
lactic acid bacteria (LAB) . At 42 wk of age, all the layers were eutha-
nized and necropsied . The ceca, liver-spleen and ovary of each hen were 
tested for the prevalence and concentration of Salmonella . The difference 
in the prevalence and / concentration of the pathogen in the eggs, cecal 
contents and organs between the diets were determined using PROC 
FREQ/ PROC GLM procedure (SAS version 9.4), with significant dif-
ferences at P < 0 .05 . The result of the study indicated no difference (P 
> 0 .05) in the prevalence of Salmonella in the defecated ceca content, 
eggshell and the internal contents of eggs laid by hens fed either diet . 
The concentration of Salmonella in the defecated ceca content of the 
birds fed the regular diet (log10 2 .9 cfu/g) was not different from the 
ceca of the hens fed the probiotic (log10 2 .7 cfu/g) . Also there was no 
difference in the prevalence of Salmonella in the ceca, liver-spleen and 
ovary of the hens between the 2 diets . While the concentration of LAB 
in the probiotic supplemented feed (P < 0.05) was significantly higher 
than in the normal feed, LAB identical to the probiotic product was not 
isolated from the feeds and the ceca of any of the birds . Therefore, it was 
concluded that the dose of probiotic fed to the hens was not sufficient 
to have a significant effect on Salmonella prevalence of concentration .

Key Words: probiotic, hen, egg, Salmonella

58   Antibacterial effect of food-grade lemongrass essential oil 
on Salmonella Heidelberg in vitro. Grace Dewi*, Divek V . T . Nair, 
and Anup Kollanoor Johny, University of Minnesota, Saint Paul, 
Minnesota, United States.

Salmonella Heidelberg (SH), a major serovar of Salmonella linked to 
multiple multistate foodborne outbreaks, is frequently isolated from 
poultry products . The pathogen has high colonization potential in poul-
try that may result in contamination of the products during processing, 
posing a significant hazard to consumers. Because humans may contract 
the infection by consuming contaminated poultry, control measures to 
reduce or eliminate SH in poultry are required . In this regard, essential 
oils (EO) or their ingredients have been investigated to control several 
foodborne pathogens, including Salmonella . In the current study, we 
evaluated the efficacy of lemongrass essential oil (LGEO), a GRAS-
status EO extracted from Cymbopogon spp . [FDA 21 CFR (182 .20)], 
against SH in vitro . Twenty-four-well tissue culture plate assays were 
conducted to determine the antimicrobial efficacy of LGEO against SH, 
where 2 mL Tryptic Soy Broth (TSB) containing different concentra-
tions [0 .0075%, 0 .015%, 0 .15%, 0 .5%, 1% and 1 .5% (vol/vol) LGEO] 
were inoculated with ~5 .0 log10 cfu/mL SH (Source: 2014 Tennessee 
correctional facility outbreak) and incubated at 37°C . Surviving SH 
populations were determined at OD600 recorded at 0, 8, and 24-h inter-
vals . Follow up tube dilution assays in 10 mL TSB was also carried out 
with selected concentrations [0 .0075%, 0 .15%, 0 .5%, and 1% (vol/vol) 
LGEO]. Further, the efficacy of LGEO on SH motility was determined 
using the motility assay in LB broth with 0 .3% agar added with 0 .0075%, 
0 .015%, and 0 .15% (vol/vol) LGEO and incubated for 8 h at 37°C . In the 
24-well tissue culture plate assays, all LGEO concentrations resulted in 
SH reduction after 24 h of incubation when compared with the control 
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(n = 8; P < 0 .05) . In the tube dilution assays, 0 .15%, 0 .5%, and 1% 
resulted in 2 .7, 2 .3, and 3 .2 log10 cfu/mL reduction of SH after 24 h (n 
= 6; P < 0 .05) . Complete reduction of SH motility was observed in all 
concentrations ≥0.15% but there was no significant change to motility 
for concentrations ≤0.015% (n = 5; P < 0 .05) . Results of the current 
study indicate the potential use for LGEO in poultry diets to improve 
the microbiological safety of products . Follow up in vivo studies are 
necessary to validate the efficacy of LGEO in poultry (USDA NIFA 
Hatch # MN-16–102) .

Key Words: Salmonella Heidelberg, essential oil, inactivation, motil-
ity, lemon grass

59   Effect of white mustard essential oil and carvacrol on Sal-
monella in ground chicken. John Porter* and Emefa Monu, Auburn 
University, Auburn, AL.

The purpose of this experiment was to evaluate the effectiveness of white 
mustard essential oil (WMEO) and carvacrol in controlling the growth of 
Salmonella spp . in ground chicken at 4°C and 10°C . A 5 strain cocktail of 
nalidixic acid resistant Salmonella serovars (Enteritidis, Typhimurium, 
Heidelberg, Montevideo, and Kentucky) were inoculated to achieve a 
total population of 105 cfu/g in triplicate 100 g ground chicken samples 
and 5 treatments were incorporated into the meat (0 .75% WMEO, 
0 .5% WMEO, 0 .75% WMEO with 0 .1% carvacrol, 0 .5% WMEO with 
0 .1% carvacrol, and 0 .1% carvacrol alone) . A positive control contain-
ing no antimicrobials and a negative control containing no inoculum 
or treatment were also carried out . Samples were plated every 2 d on 
TSA with 100ppm nalidixic acid over a storage period of 12 d at 4°C . 
In addition, the experiment was carried out at 10°C with an 8 d storage 
period, with sampling on Days 0, 2, 4, 6, 7 and 8 . Triplicate trials were 
conducted . In ground chicken at 4°C, WMEO alone and in combination 
with carvacrol decreased Salmonella counts by approximately 1 log, 
while carvacrol alone had no significant effect. At 10°C on d 4 and 8, 
binary combinations of 0 .75% WMEO with 0 .1% carvacrol and 0 .5% 
WMEO with 0 .1% carvacrol had approximately 1 .5 log and 1 log lower 
counts of Salmonella compared with the positive control, respectively . 
At d 6, approximately 2 log difference was observed when comparing 
the positive control to all WMEO treatments . Carvacrol alone had no 
significant effect at 10°C. Results indicate the potential of WMEO to 
control Salmonella spp . in refrigerated chicken products, particularly 
those that may be temperature abused . It provides a potential preven-
tive measure that can help to reduce the risk of foodborne illness by 
Salmonella in chicken products .

Key Words: food microbiology, natural antimicrobials, food safety, 
Salmonella, meat

60   The effects of varying long-term steam conditioning 
temperature and antimicrobial inclusion on the mitigation of 
Enterococcus faecium 8459, a non-pathogenic surrogate of Salmo-
nella. John Boney*, Ariel Bergeron, and Joseph Moritz, West Virginia 
University, Morgantown, WV.

Animal feed and feed ingredients are known pathogen vectors and 
may be the origin of Salmonella transmission throughout a poultry 
operation . Animal welfare, evolving regulatory programs, economics, 
and consumer perception drive the continued need to provide safe feed 
to animals . The objective of the current study was to determine the 
effects of long-term steam conditioning temperature and antimicrobial 
inclusion on the viability of Enterococcus faecium 8459, an appropriate 
non-pathogenic surrogate for Salmonella . Treatments were arranged in 

either a 3 × 2 (feed manufacturing) or a 4 × 2 (in vitro) factorial in a 
randomized complete block design that varied in degree of processing 
((unprocessed mash), 71, 82, and 88°C) and antimicrobial inclusion 
(With or Without) . Treatments were replicated 3 times across 3 d of feed 
manufacture . A common, uninoculated diet was used to obtain desired 
conditioning temperature, after which 10 kg of inoculated feed was 
placed in the feed screw auger delivering feed to the conditioning barrel 
containing 21 picks and a shaft speed of 429 RPM . Here, inoculated 
feed was subjected to saturated steam for 60 s before extrusion through 
a 4 .7 × 38 mm pellet die . Inoculated mash and subsequently cooled, 
pelleted feed samples were collected, flash frozen in liquid nitrogen, 
and stored at −80°C awaiting analysis. Relative reduction of E. faecium 
8459 was analyzed using culture-based techniques demonstrating at least 
99 .6% reduction when treatments were subjected to thermal processing 
compared with inoculated mash . The degree of thermal processing did 
not affect relative reduction (P = 0 .758) . Steam conditioning at 71°C 
increased motor amperage (P < 0 .0001) while decreasing hot pellet 
temperature (P < 0 .0001) and pellet durability (P < 0 .0001) relative 
to conditioning at 88°C . Mixer-added antimicrobial inclusion trended 
toward a 2 percentage point detriment to pellet quality (P = 0 .076) rela-
tive to treatments without antimicrobial . Within the parameters of this 
study utilizing E. faecium 8459, long-term steam conditioning displays 
the potential to mitigate Salmonella, both with and without inclusions 
of a mixer-added antimicrobial .

Key Words: mitigation, Salmonella, conditioning temperature, feed 
safety, antimicrobial

61   Biofilm Inactivation of two morphotypes of two Salmonella 
enterica serovars by sodium hypochlorite on different surfaces. 
Mohit Bansal*, Chander Shekhar Sharma, Christopher McDaniel, 
Janak Dhakal, RamaKrishna Nannapaneni, Amanda Lawrence, and 
Aaron Kiess, Mississippi State University, Starkville, MS.

Salmonella biofilms act as a source for survival and may lead to the 
contamination of food in a processing plant . The objective of this 
study was to investigate the impact of biocidal sodium hypochlorite 
concentrations on the rugose (sublethal oxidative stress induced) and 
smooth (control) morphotype biofilms of Salmonella enterica serovar 
Heidelberg (ATCC 8326) and serovar Typhimurium (ATCC 14028) . 
Biofilms of both morphotypes were developed on two different surfaces, 
polystyrene wells and stainless steel coupons (No. 304 and finish 4) 
at room temperature for 48 h. Each biofilm was exposed to biocidal 
concentrations of 50, 100, and 200 ppm sodium hypochlorite (SH) 
(pH-6 .15) for 5, 10 or 20 min in sterile water at room temperature . A cfu 
measurement was used to quantify the cell mass of rugose and control 
morphotype biofilms and to distinguish factors such as strain variation, 
surface difference, exposure time and concentrations . The experiments 
were replicated and log-transformed counts were analyzed using a 2 × 3 
× 3 factorial arrangement of treatment in a randomized complete block 
design . The means were separated using Fisher’s protected LSD when 
P ≤ 0.05. Results indicate that the rugose morphotype for both Salmo-
nella strains formed significantly stronger biofilms on the polystyrene 
surface compared to the control (P <0  .05) . However, on the stainless 
steel surface the rugose morphotype of only S. Typhimurium formed 
a stronger biofilm when compared to the control (P < 0.05). Biofilm 
inactivation for both Salmonella strains was greater with increased time 
and concentration of SH (P < 0 .05) . The log reduction for the rugose 
morphotype was less on polystyrene and stain steel surfaces after inac-
tivation by SH when compared with the controls (P < 0 .05) . Scanning 
electron micrographs on both polystyrene and stainless steel surfaces 
demonstrated that the rugose morphotype produced a denser biofilm than 
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the control morphotype . Within the rugose morphotype the structural and 
morphological differences were observed on both surfaces . The results 
of the present study reveal that the rugose morphotype of the salmonella 
strains tested, formed a significantly denser and stronger biofilm which 
is more resistant to biocidal sodium hypochlorite concentrations used 
in a processing plants .

Key Words: Salmonella, biofilm, rugose morphotype, sodium 
hypochlorite

62   Effects of dietary flaxseed on ceca microbial community 
compositions of Peking Ducks. Yuqin Wu*1, Fuhuang Li2, Muham-
mad Shahid1, Zhibin Xiao1, Xiaoyu Dong1, Dafei Yin1, Zhao Lei1, 
and Jianmin Yuan1, 1College of Animal Science and Technology, 
China Agricultural University, Beijing, China, 2Beijing General Sta-
tion of Animal Husbandry, Beijing, China.

Numerous health benefits in including are associated with n-3 polyun-
saturated fatty acids (PUFA), while it is unclear whether n-3 diet would 
affect microbial community . Flaxseed oil is the major source of n-3 
PUFA in poultry production . Therefore, this study focused on identifying 
the effects of dietary flaxseed supplementation times on the duck cecal 
gut microflora dynamics. A total of 792 Peking Ducks at 14 d old were 
randomly assigned to 4 4 experimental groups. Basic diet and flaxseed 
supplementation (n-3) diet from d 14, d 24 and d 34, respectively . The 
ducks were killed at d 44, and 6 ceca from each group were used to 
evaluate the bacterial diversity by using high-throughput microbial 16S 
rRNA profiling. Genomic DNA was extracted and amplified based on 
V3-V4 hyper variable region of 16S rRNA . PICRUSt and STAMP soft-
ware packages were used to identify differences between control and n-3 
groups. A significant difference in microbial communities was observed 
between n-3 and control groups based on Chao1 index and the Shannon 
and Simpson indexes . However, there was no dramatic difference among 
all the groups in different length of flaxseed supplementation. The rich-
ness and diversity decreased in the ceca after adding flaxseed (P < 0 .01) . 
In phylum level, Bacteroides and Firmicutes were the most predominant 
phyla and the abundance of Bacteroidetes was higher than Firmicutes 
in all groups . Bacteroides, Prevotella and Megamonas were the most 
abundant genus. The beneficial bacteria such as Bifidobacterium were 
elevated while the potential pathogenic genus like Streptococcus were 
elevated in response to flaxseed oil supplementation (P < 0 .05) . Besides, 
the abundances of succinic acid producing genus Dialister and short 
chain fatty acids-producing genus Megasphaera as well as Megamonas 
in n-3 groups were much higher than control group (P < 0 .05) . Based 
on level 3 KEGG ortholog function predictions, n-3 groups diminished 
energy metabolism, methane metabolism and cardiovascular diseases 
pathway while elevated the chromosome, homologous recombination 
and DNA repair and recombination proteins pathways compared with 
control group. These results indicated that flaxseed supplementation had 
great impact on microbial community and functional ability in ceca .

Key Words: flaxseed oil, ceca, 16S rRNA, Phylogenetic Investi-
gation of Communities by Reconstruction of Unobserved States 
(PICRUSt), duck

63   Evaluation of cetylpyridinium chloride (CPC) on water 
usage and Salmonella retention in broilers following feed and 
water withdrawal. Caitlin Harris*2, Nicole Bartenfeld3, Dianna 
Bourassa1, Brian Fairchild2, Brian Kiepper2, and R . Jeff Buhr3, 
1Auburn University, Auburn, AL, 2University of Georgia, Athens, 
GA, 3USDA-ARS US National Poultry Research Center, Athens, GA.

The effect of cetylpyridinium chloride (CPC) on water consumption 
and Salmonella retention in the crops and ceca of broilers following 
feed and water withdrawal was evaluated as a potential preharvest 
Salmonella intervention . For trial 1, 35 d old broilers were challenged 
with 1 .0 mL of 108Salmonella Typhimurium marker strain and placed 
into 6 pens (12 broilers per pen, 72 total), provided feed and water ab 
libitum, and were on a 24 h light period . 72 h post challenge, 3 pens were 
connected to carboys containing water with 500 ppm CPC, while the 
remaining pens were connected to carboys containing tap water . Water 
usage was measured for 48 h until termination of the experiment . The 
pens (1 treated and 1 untreated) were assigned to one of the following 
feed/water withdrawal times: 0 h feed/ 0h water withdrawal (full fed), 
6 h feed/ 0h water withdrawal, or 12 h feed/ 6 h water withdrawal . After 
feed/water withdrawal, broilers were euthanized and crops and ceca were 
aseptically collected for microbiological analysis . For this trial, there 
were no significant differences in Salmonella recovery from the crop 
(94% positive) or ceca (92% positive) between the CPC treatment and 
control groups, or among the feed and water withdrawal time periods . 
For trial 2, the feed consumption and water usage of broilers given 
varied concentrations (0, 100, 250, or 500 ppm) of CPC in the water was 
evaluated in 2 replicates per treatment . Pens contained 46 d old broilers 
that were provided feed and water ab libitum and were on a 24 h light 
period (10 birds per pen, 80 total) . Each drinker line was connected to 
a carboy containing water with one of the 4 treatments . The carboys 
and feeders were weighed at the beginning and end of the 96 h trial . 
The broiler water usage and feed consumption markedly decreased as 
CPC concentration increased . The feed consumption of broilers given 
100, 250, and 500 ppm CPC decreased 36, 57, and 71% respectively 
and the water use decreased 38, 62, and 72% respectively compared 
with the control value . The effect of CPC on Salmonella retention in 
the crop and ceca was not effectively determined due to decreased 
water consumption . Lower concentrations of CPC are to be evaluated 
in a second Salmonella challenge following feed and water withdrawal .

Key Words: Salmonella, broilers, cetylpyridinium chloride, feed 
withdrawal, water withdrawal

64   In-vessel poultry litter composting to facilitate pathogen 
reduction and biofertilizer production system. Felix Buabeng*1, 
Fawzy Hashem1, Patricia Millner2, and Lorna Graham1, 1University 
of Maryland Eastern Shore, Princess Anne, MD, 2US Department of 
Agriculture, Beltsville, MD.

Practices for sustainable management and utilization of poultry manure 
as a fertilizer and soil conditioner as related to reducing adverse impacts 
from pathogen survival, soil acidification, and eutrophication of waters 
are needed . Current practice mainly involves land application of poultry 
litter as a fertilizer after varying periods of stacked storage, piles of 
which typically generate heat as occurs in managed composting . This 
report describes a pilot-scale study conducted to test the capacity of 4’ 
× 4’ × 4 CM-Pro Compost units using a 24V Weathermatic Smartline 
zone controller to automate temperature-feedback control (set at 60°C) 
for aerating the mass in the insulated vessels to achieve pathogen reduc-
tion . Leachate liquid collected from drain ports in CM-Pros was a major 
source of captured ammonia . There was a positive trend between com-
posting duration and ammonia recovered, however, it was not significant 
(p0 .05 = 0 .2154) . Total of ammonia in wk 1 and 7 of the experiment were 
975 .4mg/L and 1254 .5mg/L respectively, however, in wk 8 ammonia 
declined (945.4mg/L). Compost temperature contributed significantly 
(P0 .05 = 0 .0124) to ammonia recovery in leachate . Compost samples 
(1 kg) collected from different parts of the vessels were analyzed for 
total N-P-K and determination of nutrient ratios . After composting, 
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average total N, P, K values were 200, 90, and 250g/kg, respectively . 
Average maximum temperatures recorded were 64 to 72°C, and average 
minimum temperatures were 6 to 10°C, during ambient temperatures 
ranging from −11 to 28°C. Using the CM-Pro, the number of colonies of 
aerobic bacteria, total coliforms, Salmonella, Listeria, and Enterococcus 
declined significantly (P0 .05 = 0 .001) after one week . These CM-Pro 
composting results show that in-vessel composting of poultry litter can 
capture substantial amounts of soluble nitrogen nutrient the compost 
litter leachate and reduces pathogens. These findings will be useful to 
poultry and compost producers seeking improved management practices 
for production of poultry litter fertilizer products useful for sustainable 
agricultural and horticultural uses .

Key Words: CM-Pro composting, biofertilizer, poultry litter, com-
post, ammonia

65   Evaluation of the role of infection route in the development 
of systemic Salmonella infection in chickens. Amie Marie Jones-
Ibarra*1, Denise Caldwell2, J . Byrd2, and Christine Alvarado1, 1Texas 
A&M University, Bryan, TX, 2USDA, ARS, SPARC, College Station, 
TX.

As part of the Food Safety Modernization Act (FSMA), FDA has imple-
mented food safety preventative controls for livestock feed and pet foods . 
Since chicken frames and rendered products are a common source of 
raw material for animal feed and pet food, the objectives of this study 
were 1) to determine the efficacy of a Salmonella cocktail transmission 
via multiple routes of administration: oral gavage (control), breast (with 
and without feathers), back (with and without feathers), and respiratory 
via the trachea, and 2 . To determine the opportunity for dosed Salmo-
nella to reach the bone or bone marrow of the bird with these treatment 
procedures . A total of 150 broilers were obtained at day of age from a 
commercial hatchery and were allowed to be conventionally raised until 
the individual treatments were applied at d 30 . On d 30 and every 3 d 
until d 42, 5 birds from each treatment group (n = 30) were necropsied 
and biological assays were performed . Experimental results indicate Sal-
monella reached the ceca by d 33 in all treatment groups indicating pro-
gressive movement of the pathogen from d 30 . Chi-squared test of each 
sample day and locations (ceca, liver/spleen, bone, and bone marrow) 
showed no significant difference between each treatment and the loca-
tion tested for d 33 – 42 . On d 33, the control had a higher Salmonella 
incidence (33%) in all locations while treatment-back without feathers 
had a high incidence (28.57%) but was not-significantly different (P > 
0 .05) from any of the other treatments . Statistically, between d 36 and 
42, there was no significant difference in incidence of Salmonella in any 
location using any of the treatments . Observationally, from d 39 to 42, 
liver and spleen were positive for Salmonella in the breast with feathers, 
back without feathers, and respiratory treatments indicating a systemic 
infection . For bone sampling, Salmonella was observed in the bones 
from d 36 and d 39 for back without feathers and respiratory treatments . 
Current results indicate it is possible for Salmonella infection to reach 
the bone, thus signifying the possible need for intervention of poultry 
frames for rendering . Also, irrespective of the route of administration, 
the birds were positive for Salmonella after 33 d .

Key Words: Salmonella, bone, infection, pet food, rendering

66   Effects of multiple alternatives-to-antibiotic interventions 
on multidrug-resistant Salmonella Heidelberg in turkey poults. 
Divek V . T . Nair*, Jijo Vazhakkattu Thomas, Grace Dewi, Timothy 
Johnson, Sally Noll, Carol Cardona, and Anup Kollanoor Johny, 
University of Minnesota, Saint Paul, MN.

Salmonella Heidelberg (SH) is one of the common poultry-associated 
Salmonella and is frequently isolated from turkeys . Colonization of 
SH in the cecum could result in the contamination of turkey carcasses 
after faulty evisceration . Reducing SH colonization in the cecum 
could improve the microbiological safety of turkey products . In this 
study, we determined the efficacy of multiple alternative-to-antibiotics 
interventions: Probiotics (PRO) - Lactobacillus of turkey-gut origin, 
a mannanoligosaccharide prebiotic (PRE), and a commercially avail-
able Salmonella vaccine (VAC), individually or in combination against 
SH colonization in commercial straight-run Hybrid Converter turkey 
poults . Three independent experiments were conducted . The treatment 
groups were negative control (-SH, -PRO, -PRE, -VAC), SH control 
(+SH, -PRO, -PRE, -VAC), PRO group (+SH, +PRO, -PRE, -VAC), 
PRE group (+SH, -PRO, +PRE, -VAC), VAC group (+SH, -PRO, -PRE, 
+VAC), PRO+PRE group (+SH, +PRO, +PRE, -VAC), PRO+VAC group 
(+SH, +PRO, -PRE, +VAC), PRE+VAC group (+SH, -PRO, +PRE, 
+VAC) and PRO+PRE+VAC group (+SH, +PRO, +PRE, +VAC) with 
at least 9 birds in each treatment per experiment . VAC was applied as 
coarse spray on d 1, whereas PRO (8 log10 cfu/ gallon of water) and 
PRE (0 .2%) were continuously supplemented to poults through water 
and feed, respectively for 14 d . Poults were challenged with the 2011 
turkey outbreak strain of SH (5 .0 log10 cfu/mL) on d 7, and SH counts 
were determined on d 2 and 7 post-inoculation . Results indicated that 
the treatments significantly reduced SH in the cecum, liver, and spleen 
of turkey poults, individually or in combination compared with the SH 
control . The PRE group resulted in consistent reduction of SH in the 
poult ceca across experiments when supplemented individually (2 .4, 1 .2, 
and 1 .6 log10 cfu/g reductions in experiments 1, 2, and 3, respectively; 
P < 0 .05), and its combination with PRO resulted in reduction of SH 
compared with other treatment groups (P < 0 .05) . The treatments reduced 
SH invasion of liver and spleen (P < 0 .05) . The results indicated that 
combining alternatives-to-antibiotic interventions could be an effective 
strategy to reduce SH colonization in turkeys, potentially improving the 
microbiological safety of turkey products . (Minnesota Turkey Research 
and Promotion Council 2015–01 & USDA NIFA Hatch MIN-16–102) .

Key Words: alternatives, Salmonella Heidelberg, probiotic, prebi-
otic, vaccination

67   Differences in recovery of Salmonella Heidelberg when 
chicks are inoculated on days 0 and 14. Elle Chadwick*, James 
Krehling, Brittany Singh, Bradley Schrader, and Ken Macklin, 
Auburn University, Auburn, AL.

Dust and debris are shown to carry microorganisms through a poultry 
house . This has brought concern toward poultry health; however, pre-
harvest food safety from this source has been neglected . Previous work 
in our lab has demonstrated that when an intratracheal inoculation is 
administered on d 0, colonization of Salmonella Heidelberg (SH) was 
detected when the birds were sampled at market weight . Of the 14 
samples collected (abdominal cavity swab, bursa and thymus (pooled), 
bone marrow swab, breast, ceca, cloacal swab, crop, kidney, liver and 
spleen (pooled), lung swab, skin, spinal cord, thigh and trachea), there 
was a numerically greater recovery within the ceca, skin and cloacal 
swab. To determine if bird age influences eventual organ colonization a 
follow up trial was performed . For these studies, broilers were admin-
istered 104 cfu/mL of SH through an intratracheal inoculation on d 14 . 
Birds were reared for 32–36 d then euthanized . The previously men-
tioned samples were collected and analyzed utilizing the GLM Method 
and when appropriate, Tukey HSD (P ≤ 0.05). A t-test was performed 
to determine significant differences in the recovery of SH when chal-
lenged at d 0 and 14 . Like the d 0 inoculation, the d 14 challenge had 
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shown that skin (70 .0%), cloacal swab (63 .0%) and ceca (62 .0%) had 
a numerically greater recovery compared with all other samples col-
lected . When comparing the 2 inoculation days, the only samples with 
significant differences (P ≤ 0.05) were bone marrow swab and pooled 
liver and spleen . These results indicate the ability to utilize the skin, 
cloacal swab or ceca as a sampling method of SH at the pre-harvest 
level if birds are infected at different times of grow-out .

Key Words: Salmonella, Salmonella Heidelberg, pre-harvest food 
safety

68   Ice slurry to aid in antimicrobial reduction of Salmonella 
typhimurium in poultry chilling. Stephanie Richter*, Comas 
Haynes, and Daniel Sabo, GTRI, Atlanta, GA.

Traditionally, poultry processing involves cooling of meat product via 
chilled water. Inspired by the fishing sector’s application of ice slurry 
to keep product fresh, this research is investigating ice slurry as an 
alternative chilling medium for poultry sector application . Ice slurry is 
composed of water, ice particles, and a freezing point depressant (salt for 
this research) . Expanding on 2016 whole carcasses microbial results, a 
micro-tester has been implemented to test whole wings pathogen reduc-
tions of ice slurry and chilled water . Trials of set peracetic acid (PAA) 
ppm, dwell time, and salinity concentrations have been investigated . 
A trial consists of ≥3 tests so that n ≥ 30 for per treatment. The hope 
is to discover the optimum relationship between PAA, salt, and dwell 
time and apply it to large-scale whole carcass experiments . As a key 
benefit, ice slurry is hypothesized to provide a scrubbing phenomenon 
in aiding overall pathogen reduction . Each test included 30 wings: 10 
baseline with no media treatment/only heated, 10 ice slurry treatment, 
and 10 chilled water treatment . All wings were dipped in Salmonella 
typhimurium 106 cfu/mL diluted in PBS, a nalidixic acid resistant strain, 
individually bagged and heated to ~35°C to mimic temperatures post 
evisceration . Ice slurry and chilled water treatments were then added 
to a micro-tester containing 60 L of corresponding media intervention 
with fixed trial settings. Microbial analysis entailed stomaching wings 
in buffered peptone water containing 100 ppm nalidixic acid . Dilutions 
in PBS containing 100 ppm nalidixic acid were plated onto 3M aerobic 
Petrifilm and incubated at 37°C for 24 h. Following incubation, dilution 
plates containing counts between 30 and 200 cfu were selected, counted 
using a colony software template and analyzed for cfu reduction from 
baseline . For the highlight trial, compared with the baseline cfu/mL 
ice slurry was 1 .22 log lower while water was 0 .82 log lower . Slurry 
showed a 0 .40 log added reduction to water . Whole wings pathogen data 
reflect previous findings from whole carcasses. Ice slurry media wings 
consistently show bacterial counts at least 0 .25 log lower compared 
with chilled water in multiple trials. We have established the benefits of 
ice slurry as a pathogen-reduction aid in carcasses and wings . Further 

research will be conducted to see if there is a physical abrasive effect on 
the poultry product skin or possible synergy between slurry and PAA .

Key Words: Salmonella, ice slurry, alternative chilling

69   Phytochemicals reduce biofilm formation and inactivates 
mature biofilm of Campylobacter jejuni. Basanta Raj Wagle*1, 
Abhinav Upadhyay1, Komala Arsi1, Indu Upadhyaya1, Sandip 
Shrestha1, Kumar Venkitanarayanan2, Annie Donoghue3, and Dan 
Donoghue1, 1University of Arkansas, Fayetteville, AR, 2University of 
Connecticut, Storrs, CT, 3ARS USDA, Fayetteville, AR.

Campylobacter jejuni is the leading cause of human foodborne illness 
globally, and is strongly linked with the consumption of contaminated 
poultry products . However, little is known about the persistence of 
C. jejuni in the poultry processing environment . Several studies have 
shown that C. jejuni can form sanitizer tolerant biofilms but limited 
research has been conducted to develop control strategies against C. 
jejuni associated biofilms. This study investigated the efficacy of 3 
GRAS status phytochemicals namely, eugenol (EG), carvacrol (CR) 
and trans-cinnamaldehyde (TC) in inhibiting C. jejuni biofilm formation 
and inactivating mature biofilm at 20 or 37°C. For the inhibition study, 
C. jejuni 11168 was grown either in the presence or absence (control) 
of sub-inhibitory concentrations of EG (0 .01%), CR (0 .002%), TC 
(0.01%) for 72 h. The effect of phytochemicals on biofilm formation 
was quantified at 24, 48 and 72 h by triphenyl tetrazolium chloride 
staining . For the inactivation study, C. jejuni biofilms developed at 
20 or 37°C for 48 h were exposed to the phytochemicals (0, 0 .25, 0 .5, 
or 1%) for 1, 5, or 10 min, and surviving C. jejuni in the biofilm were 
enumerated . In addition, the effect of phytochemicals on the expression 
of genes critical for biofilm formation was evaluated using real-time 
quantitative PCR . All the studies were conducted 3 times with duplicate 
samples . The data were analyzed by the PROC MIXED procedure of 
SAS . All phytochemicals reduced C. jejuni biofilm formation as well as 
inactivated mature biofilm at both temperatures (P < 0 .05) . The highest 
dose (1%) of each phytochemical rapidly inactivated biofilm within 1 
min to below detection (>7 Log reductions) and the lowest dose (0 .25%) 
reduced counts significantly (~5 Log cfu/ml) when treated for 10 min at 
20°C . Moreover, qPCR revealed that the genes encoding motility (flaA, 
flaB) were downregulated by all phytochemicals (P < 0 .05) . EG also 
downregulated quorum sensing (luxS) and cell binding (peb4) genes . 
Results suggest that EG, CR, TC could be used as natural disinfectants 
for controlling C. jejuni biofilm. Studies testing the efficacy of aforemen-
tioned compounds on common meat processing surfaces (steel, rubber) 
and visualizing the architecture of biofilm using electron microscopy 
are currently underway .

Key Words: Campylobacter jejuni, biofilm, phytochemicals, inhibi-
tion, inactivation
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70   A carvacrol wash and/or a chitosan-based coating reduced 
Campylobacter jejuni on chicken wingettes. Sandip Shrestha*1, 
Annie Donoghue2, Komala Arsi1, Abhinav Upadhyay1, Basanta Raj 
Wagle1, Kumar Venkitanarayanan3, and Dan Donoghue1, 1University 
of Arkansas, Fayetteville, AR, 2ARS-USDA, Fayetteville, AR, 3Univer-
sity of Connecticut, Storrs, CT.

Campylobacter jejuni is a leading cause of foodborne disease in 
humans, largely associated with consumption of contaminated poultry 
and poultry products . With increasing consumer demand for natural 
and minimally processed foods, the use of Generally Recognized as 
Safe (GRAS) status plant derived compounds is gaining more attention 
as natural antimicrobials for improving food safety . Carvacrol (CR; 
obtained from oregano oil) is one such phytochemical that has shown 
significant antimicrobial efficacy against various foodborne pathogens. 
The present study evaluated the efficacy of CR as an antimicrobial dip 
or chitosan (CH; binding agent from chitin) based coating treatment for 
reducing C. jejuni on chicken wingettes . In addition, the effect of CR 
and CH treatments on meat color was analyzed using Chroma meter (CR 
400/410, Konica Minolta, NJ, USA) . In 2 separate trials, 225 wingettes 
were treated with CR (0%, 0 .25%, 0 .5%, 1%) alone or in combination 
with CH (2%) . Each wingette was inoculated with a cocktail of 4 wild 
strains of C. jejuni (~7 .5 log10 cfu/wingette) with an attachment time 
of 30 min . Following 1 min of dipping/coating with aforementioned 
treatments, wingettes were air-dried (1 h) and sampled at 0, 1, 3, 5 and 
7 d of refrigerated storage for C. jejuni counts (n = 5 wingettes/treat-
ment/time point) . The data were analyzed by ANOVA using MIXED 
procedure of SAS 9 .3 and expressed as LSMEANS with differences 
considered significant at P < 0 .05 . Results showed that 1% CR, or the 
combination of either 0.25%, 0.5% or 1% CR with CH significantly 
reduced C. jejuni from d 0 through d 7 by up to 2 .5 log10 cfu/sample . 
Moreover, none of the treatment exerted any significant effect on win-
gette color (P < 0 .05) . The results suggest that CR could potentially 
be used as a natural antimicrobial to control C. jejuni in post-harvest 
poultry . Follow up mechanistic analysis to delineate the mechanism of 
action of CR on C. jejuni is currently underway using cell culture and 
gene expression analysis .

Key Words: Campylobacter jejuni, carvacrol, chitosan, in vitro, 
chicken wingette

71   Evaluation of commercial cage-free barn egg quality during 
early production. Garrett Ward*3, Deana Jones2, Richard Gast2, Har-
shavardhan Thippareddi3, and Kenneth Anderson1, 1North Carolina 
State University, Raleigh, NC, 2USDA-ARS, Athens, GA, 3University 
of Georgia, Athens, GA.

The focus of this study was to observe physical egg quality changes 
of 6 strains of laying hens (Hy-Line Brown, Novogen Brown, ISA 
Brown, Novogen White, W-80 and Dekalb White) during early lay 
in cage-free barn housing . Eggs were evaluated weekly from hen age 
19 - 25 wk for quality . Each strain had a bird population of 60 hens per 
7 .43 m2 pen with a stocking density of 0 .121 m2 . Pullets were reared 
within the cage-free barn system in accordance to the North Carolina 
Layer Performance and Management Test . Egg quality (egg weight, 
Haugh unit, yolk height, yolk width, yolk index, egg length, egg width, 
percent length at maximum width, shape index, and volume of shell) 
was evaluated . Egg weight increased with hen age from 19 wk (43 .3 
g) until 23 – 25 wks, where it leveled at 54 .7 g (P < 0 .05) . The brown 

egg layers had higher average egg weight (51 .5–52 .19 g; P < 0 .05) than 
the white egg layers (48 .75–50 .63 g; P < 0 .05) . Haugh unit scores were 
the highest at 19 wk (96 .9) and rapidly declined to a plateau between 
24 – 25 wk with an average score of 90 .7 (P < 0 .05) . Brown egg strain 
A had a higher average Haugh unit score (99 .11; P < 0 .05) than the rest 
of the 5 strains (91 .83–92 .95: P < 0 .05 . Yolk height experienced little 
change over the course of the study whereas yolk width increased from 
33 .9 mm at 19 wk to 37 .3 mm at 24 wk (P < 0 .05) . Brown egg strain A 
had a greater average yolk height (20 .35 mm; P < 0 .05) of the observed 
strains of laying hens (19 .33–19 .75 mm; P < 0 .05) . Brown egg strain C 
had the widest yolks (36 .47 mm; P < 0 .05) of the 6 strains of laying hens 
(35 .3–36 .07 mm; P < 0 .05) . Yolk index was higher at 19 wk (57 .6) and 
steadily decreased 23 – 25 wk of age (53 .5; P < 0 .05) . Brown egg strain 
A also had the highest average yolk index score of 57 .17 (P < 0 .05) than 
the other observed strains (54 .24–56 .02; P < 0 .05) . The overall length of 
the shell increased from 50 .0 mm 19 wk to 54 .2 mm at 25 wk (P < 0 .05) . 
The brown egg strains had greater average egg width (41 .17–41 .52 mm 
vs 39 .96–40 .43 mm; P < 0 .05) than white egg strains but there was no 
difference average length of the shell . The percent length at maximum 
width decreased with hen age from 55 .6% (19 wk) to 54 .9% (25 wk; P 
< 0 .05) . Shell volume increased from 19 wk (39 .7 mL) to 25 wk (50 .9 
mL; P < 0 .05) . During the 19 – 25 wks of hen age assessed, the most 
consistent results in the physical quality parameters monitored were 
detected between 23 to 25 wk hen age .

Key Words: hen age, commercial layer, cage-free housing system, 
egg quality

72   Essential oils on lipid oxidation in chicken meatballs: In 
vivo and in situ assays. Adriana Figueiredo*1, Renata Maria Duarte1, 
Glaucia Napty3, Cristiane Lima2, Aline Racanicci2, and Marta 
Cristina Duarte1, 1UNICAMP, Campinas, São Paulo, Brazil, 2UnB, 
Brasilia, Brazil, 3ESALQ-USP, Piracicaba, Brazil.

Nowadays, natural antioxidants are receiving considerable attention 
in human and animal nutrition due to their association with efficiency 
and food safety . With the objective of exploring the use of essential oils 
(EO), we evaluated the antioxidant activity of a blend of Thymus vulgaris 
and Ocimum gratissimum (1:3) fed to broilers (in vivo assay) and in a 
meat formulation (in situ assay). Quantification of thymol, carvacrol 
and eugenol were made for standardization and EO were inject to gas 
chromatography-mass spectrophotometer to determine the compounds 
profile. Next, microencapsulated EO (20% oil + 80% maltodextrin) 
was fed to chicks at different levels (0, 70, 140 and 700 ppm of EO) 
including the negative control (150 ppm of ethoxyquin - EX) . Perfor-
mance was measured at 21 d and at 35 d old, 8 birds per treatment were 
randomly selected and euthanized to collect thigh meat . The meat pH 
value was measured at 24 h after slaughter. No significant effects (P > 
0 .05) of groups was found for performance and the thigh pH value . A 
thighs pool of each group was minced, weighted and added 0 .50% of 
salt . Two precooked meat balls from each treatment were analyzed in 
duplicate on d 0, 2, 4 and 7 of storage (4°C) for secondary lipid oxidation 
products (as TBARS) . In addition, circa of 1 .5 kg of thigh meat from 
the group without antioxidant additives was treated with: 0; 150 ppm of 
BHT; 140 ppm of EO mixed in the meat . Meatballs from chickens feed 
supplemented groups showed lower TBA-value than those from group 
without antioxidant additives (0) at d 2 (700 = 70 < 0), d 4 (700 < 70 
= EX < 0), d 7 (700 < EX < 140 = 70 < 0) and the average (700 < 70 
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= EX < 140 < 0) (P > 0 .05) . For the in situ assay, the addition of both, 
BHT and EO, were efficient to prevent lipid oxidation in precooked 
samples when compared with control group (EO < BHT < 0) (P < 0 .05) . 
We concluded that the blend of essential oils from T. vulgaris and O. 
gratissimum was effective to control oxidative processes both in the 
diet of broilers as well as in a meat formulation .

Key Words: eugenol, thymol, microencapsulation, broiler, 
antioxidant

73   Effects of replacing antibiotics and anticoccidials with 
probiotics in broiler diets on processing yields. Kacey O’Donnell*, 
Xi Wang, Kelley Wamsley, Aaron Kiess, E . Peebles, and Wei Zhai, 
Mississippi State University, Starkville, MS.

This study determined the optimal time to withdraw antimicrobials 
[AM; antibiotic (Bacitracin) and anticoccidial (Naracin)] and replace 
them with probiotic (PD, Bacillus subtilis spores) without negative 
effects on processing wt of broilers . Ross × Ross 708 male broilers 
were distributed into 12 trt with each replicated 8 times . There were 6 
feeding phases [0–14, 14–21, 21–28, 28–35, 35–46, and 46–56 (with-
drawal phase) days] . AM were withdrawn at different feeding phases 
and supplemented with either a basal (BD) or PD diet . The PD Birds 
fed AM until the withdrawal phase were the practical control (PC) . All 
birds were orally challenged with a 10 × dose of a commercial coccidial 
vaccine that included 5 live Eimeria oocysts . Four birds from each rep-
licate pen were processed and deboned on d56 . Data were analyzed by 
one-way ANOVA using Proc GLM of SAS 9 .4 . When AM was removed 
on d14 (P = 0 .016, 0 .004, and 0 .002, respectively) or before (P = 0 .009, 
0 .022, and 0 .013, respectively), body, carcass, and wing wt were lower 
than with PC, while for BD supplied until the withdrawal phase, breast 
wt was similar to PC (P = 0 .081) . Birds that had AM removed on d21 
or 35, supplemented with PB or BD had body, carcass, wing and breast 
wt that were similar to PC [P = 0 .476, 0 .461, 0 .838, 0 .173 (PB vs PC 
on d21); 0 .343, 0 .181, 0 .133, 0 .105 (BD vs PC on d21); 0 .505, 0 .726, 
0 .779, 0 .120 (PB vs PC on d35); and 0 .646, 0 .746, 0 .751, 0 .553 (PB 
vs PC on d35)] . Removal of AM on d28 lowered body, carcass, wing, 
and breast wt compared with PC (P = 0 .002, 0 .011, 0 .045, and 0 .028, 
respectively), but removal of AM on d28 and supplemented with PB 
resulted in body, carcass, wing, breast wt similar to PC (P = 0 .178, 
0 .202, 0 .073, and 0 .732, respectively) . Supplementing with either BD 
or PD after d21 had no effect on thigh or drumstick wt (P = 0 .751 and 
0 .204 for thighs; 0 .474 and 0 .827 for drumsticks) . Dietary trt did not 

affect abdominal fat pad or tender wt . (P = 0 .253 and 0 .564) . Overall 
yields were negatively affected by removing AM on d14 or earlier 
from the diets of broilers under coccidial challenge, whether PB were 
supplemented or not . The negative effects of AM removal on d28 on 
meat yield may be due to an insufficient time for birds to recover from 
coccidiosis . However, supplementing probiotics on d28 alleviated the 
negative effects on overall meat yields . In addition, the removal of AM 
impacted processing yields of various body parts differently, especially 
the front and back halves of the carcasses .

Key Words: antibiotic, broiler, coccidiosis, probiotic, processing

74   The effect of diet and age on breast muscle characteris-
tics in commercial broilers. Victoria Polentz*, Jacqueline Griffin, 
Stephanie Hutsko, Macdonald Wick, and Michael Cressman, The 
Ohio State University, Columbus, OH.

In recent years, the poultry industry has been challenged with a series 
of anomalies in the pectoralis major breast muscle which are associated 
with negative meat quality traits including increased cook loss, increased 
toughness, and an overall poor eating experience . It is estimated that 
these conditions cost the poultry industry >$200 million year. It is 
believed by most poultry and meat scientists that the rapid growth rate 
and increase in market weight in modern broilers are contributing factors 
to these problems . To better understand the factors underlying muscle 
growth and optimal processing traits, we investigated the effects of diet 
and age on muscle growth in Ross-708 male broilers grown to 9 wk of 
age . Day-old chicks (n = 200) were randomly assigned to 8 pens (1 sq . 
ft/bird) . All birds were ad libitum fed from 0 to 14 d . From 14 to 63 d, 
half the pens continued to be ad libitum fed while the other half were 
restrict fed to 80% ad libitum intake . Bodyweight and feed intake of 
each pen was measured weekly . Beginning at 14 d, 3 birds/pen were 
randomly selected and harvested weekly . Qualitative breast muscle data 
(weight, depth at the cranial end, toughness) was also collected weekly 
from 14 d through the end of the study . Feed-restriction reduced average 
bodyweight and breast muscle depth from 28 to 63 d (P < 0 .05) . From 
42 to 63 d, the breast muscle toughness of the ad libitum fed birds was 
significantly greater than in the restrict fed birds (P < 0 .05) . Therefore, 
the data suggests that some degree of feed restriction may improve 
qualitative aspects of broiler breast muscle .

Key Words: restrict fed, ad libitum fed, broiler, pectoralis major, 
toughness
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75   Efficacies of manual, assisted manual, and mechanical cer-
vical dislocation methods in anesthetized layer chicks. Rathnayaka 
Bandara*1, Stephanie Torrey1, Anna Bolinder1, Karen Schwean-Lard-
ner2, Patricia Turner1, and Tina Widowski1, 1University of Guelph, 
Guelph, ON, Canada, 2University of Saskatchewan, Saskatoon, SK, 
Canada.

Mechanical cervical dislocation devices are marketed to provide poultry 
producers with humane on-farm euthanasia methods . However, most are 
not yet scientifically evaluated. This study compared the efficacies of 
the Koechner Euthanizing Device (KED- small size), Manual Cervical 
Dislocation (MCD) and Assisted Manual Cervical Dislocation (AMCD; 
the bird’s ventral neck is placed on a table edge and the back of the neck 
was pressed firmly) on anesthetized, healthy layer chicks (2–3 d old, BW 
= 41 .8 ± 3 .5g, n = 8) . Chicks were anesthetized with an intramuscular 
injection of medetomidine (0 .3mg/kg BW) and ketamine (30mg/kg 
BW) . MCD and AMCD were also evaluated using conscious chicks to 
determine effect of anesthesia. Time at which pupillary reflex disap-
peared, duration of gasping, and cessation of heart beat were recorded . 
Severity of damage caused by the devices was assessed by skin damage, 
transection of spinal cord, gross subcutaneous hemorrhage at the site 
of cervical dislocation (0–4 scale) and microscopic brain trauma and 
hemorrhage (0–4 scale) . Data were analyzed by using Proc Glimmix 
procedure of SAS ver. 9.4. Time to loss of pupillary reflex, cessation 
of heart beat, and duration of gasping were longer in conscious than 
in anesthetized chicks (95 .2 ± 5 .7s vs 72 .2 ± 5 .9s, 170 .2 ± 11 .7s vs 
138 .6 ± 12 .1s and 91 .9 ± 10 .1s vs 53 .9 ± 11 .2s respectively; P = 0 .002, 
0.007, 0.0221). Latency to loss of pupillary reflex did not differ among 
the 3 methods . Cessation of heart beat (196 .4 ± 32 .5s) occurred later 
and duration of gasping (103 .4 ± 13 .9s) was longer for the KED (P 
= 0 .0051, 0 .0233) compared with MCD (130 .9 ± 33 .2, 32 .2 ± 16 .1) 
and AMCD (137 .9 ± 32 .5, 137 .9 ± 32 .5) . There was no skin trauma 
with the KED, while 16% and 12 .5% of those killed with MCD and 
AMCD, respectively, had evidence of skin trauma . Mean score for gross 
subcutaneous hemorrhage of the neck was lower for KED (1 .00 ± 0 .2) 
than AMCD (2 .3 ± 0 .2) and MCD (1 .87 ± 0 .2) . The spinal cord was 
transected in 100% of MCD and AMCD, and 12 .5% of KED . Neither 
subdural nor parenchymal hemorrhages were noted microscopically in 
the brains of chicks for any of the killing methods . Since time to loss 
of pupillary reflex was longer in conscious chicks, we predict that the 
KED will result in a longer time to onset of insensibility and cessation 
of heart beat in conscious birds .

Key Words: euthanasia, chick, welfare, sensibility, anesthesia

76   Assessing the effect of dehydration on onset of insensibil-
ity and death during on-farm euthanasia in broilers. Bethany 
Baker*2, Stephanie Torrey1, Tina Widowski1, Patricia Turner1, Sus-
antha Gomis2, Henry Classen2, Tennille Knezacek2, Jenny Fricke2, 
and Karen Schwean-Lardner2, 1University of Guelph, Guelph, ON, 
Canada, 2University of Saskatchewan, Saskatoon, SK, Canada.

Evidence from preliminary studies investigating poultry euthanasia sug-
gest that dehydrated cull birds respond differently than healthy birds . 
Despite this, the majority of euthanasia research has focused on healthy 
birds . The objective of this study was to determine how dehydration, 
common in cull birds, affects the time to onset of insensibility and 
death with 3 euthanasia methods . Broilers’ (n = 179) access to water 
was removed for either 0, 24, 48 or 72h before euthanasia at 8, 22, 36 

or 50d of age . Manual cervical dislocation (MCD) and mechanical 
cervical dislocation (Koechner Euthanasia Device (KED)) were per-
formed on 4 dehydrated (deh) and 2 undehydrated (und) birds/level/
age . Non-penetrative captive bolt (Zephyr EXL (Z)) was performed on 
4 deh and 2 und birds/level at 26, 36 and 50d . Following euthanasia, 
birds were monitored for indicators of insensibility and death: loss of 
pupillary light (PL), palpebral blink (PB), nictitating membrane reflex 
(NM), time until feather erection (FE), start and end of cloacal winking 
(CW), and end of convulsions (CNV) . Data were analyzed as a 2-way 
factorial (CRD; Proc Mixed SAS 9 .4) . Planned contrasts were used to 
assess if variables differed between 0h (N) and all dehydrated birds (D) . 
Significance was determined when P < 0 .05 . The results indicated that 
the start and end of CW in D occurred later compared with N at 22 (96 .3 
v 70 .5, 118 .2 v 99 .7s for start or end respectively), 36 (93 .6 v 64 .7, 122 .7 
v 88 .0s) and 50d (91 .0 v 55 .3, 122 .5 v 84 .7s) . Time until end of CNV 
was longer in D than N at 22 (109 .7, 85 .5s), 36 (98 .6, 73 .2s) and 50d 
(106 .2, 65 .5s) . Time until FE was longer for D than N at 36 (63 .9, 41 .3) 
and 50d (69 .6, 45 .5s) . Time until loss of PB was longer in D than N at 
8 (20 .9, 12 .2s) and 36d (20 .1, 12 .0s) . Dehydration did not impact PL or 
NM . A euthanasia method effect was seen, with insensibility induced 
fastest by Z, and death by MCD . An interaction between method and 
dehydration level occurred with NIC (at 22d), where dehydration had 
no effect when the Z was used, but delayed time of death when CD was 
used . In conclusion, the indicators tested for the onset of death (time 
until start and end of CW, and CNV) were longer in D at 22, 36 and 
50d, compared with N, suggesting that the onset of death in dehydrated 
birds is longer than healthy birds .

Key Words: dehydration, culling, welfare, unconsciousness

77   Temperatures experienced by broilers at the time of farm 
departure during Canadian prairie winters. Aidan McNeil*, Cath-
erine Vermette, Nileeka Irugalbandara, Karen Schwean-Lardner, and 
Trever Crowe, University of Saskatchewan, Saskatoon, SK, Canada.

Broilers may experience a range of conditions during the loading 
process, and exposure to extreme temperatures during this stage may 
endanger their welfare and compromise their ability to safely make 
the trip to the processor . Temperatures within commercial transport 
trailers before departure from the farm were examined . Data provided 
by the drivers were coupled with data from 3 to 9 temperature sensors 
in 18 of 22 modules (Stork, Marel, Gardabaer, Iceland; 9 top-and-
bottom pairs) to determine when each module was loaded and confirm 
the order of loading . The data were grouped into 3 ranges, based on 
ambient temperatures (Tamb) during the loading event: mild (−10°C < 
Tamb), moderate (−15°C < Tamb ≤ −10°C), and cold (Tamb ≤ −15°C). 
Temperatures within 3 trailers were monitored during each of the mild 
and cold conditions while 4 trailers were monitored during the moderate 
conditions . The difference in measured temperatures relative to ambi-
ent were calculated during the 10 min before departure and averaged 
for each module . Data were analyzed using a mixed model in SAS 9 .4 
with significance at P ≤ 0.05. The ambient temperature ranges (mild, 
moderate and cold) did not affect temperature differences, ranging from 
9 .8°C in the mild group to 16 .1°C in the cold group . The top modules 
were consistently warmer than the lower modules, differing by 2 .7°C 
in the mild conditions (P < 0 .01), 1 .3°C in the moderate conditions (P 
= 0 .04) and 2 .6°C in the cold conditions (P < 0 .01) . The temperatures 
of individual modules were significant only in the mild conditions (P < 
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0 .01) . The second module loaded, at the top front of the trailer, was the 
warmest with a temperature difference of 16 .49°C, and the second-last 
module loaded, at the bottom of the rear-most position on the trailer, was 
one of the coldest with a temperature difference of 5 .83°C . Temperature 
differences of the modules within the moderate and cold conditions 
were not significantly different, with temperature differences ranging 
from 8 .24°C to 14 .42°C and 11 .26°C to 20 .23°C, respectively . The time 
required to complete the loading operation allows heat to accumulate at 
the upper portion of the trailer and at locations that have been loaded 
the longest . Modules loaded just before departure and along the bottom 
of the trailer tended to be colder . These data demonstrated that meth-
ods used by loading crews are effective, and bird welfare is not being 
compromised during the loading process .

Key Words: transport, loading

78   Change point detection for monitoring changes in the 
broiler growout environment. Muhammad Rizwan*1, Brandon T . 
Carroll1, Douglas F . Britton3, Wayne Daley3, Simeon Harbert3, Karen 
Christensen2, Doug Alridge2, and David V . Anderson1, 1Georgia 
Institute of Technology, Atlanta, GA, 2University of Arkansas, Fay-
etteville, AR, 3Georgia Tech Research Institute, Atlanta, GA.

Quantitative approaches for monitoring the broiler growout environment 
would be useful for overseeing animal wellbeing . We propose a novel 
approach based on sparse coding on acoustic data to detect changes in 
the poultry environment that could correlate to wellbeing . Live manag-
ers have long intimated the ability to assess the conditions of animals 
and their environment based on their vocalizations . It is now possible 
to collect this data cost effectively and to analyze this data to detect 
anomalies. A difficulty in developing automated audio monitoring is 
finding an appropriate representation of the audio that can be used to 
quantitatively evaluate conditions in the environment . Sparse coding is 
a method by which computers can learn the core components (sparse 
components) of the sound in a particular environment . The presence 
of these core components over time can be evaluated for changes . We 
collected data by placing an audio acquisition system in a commercial 
poultry facility located at the University of Arkansas, USA . The data 
acquisition system consists of cameras, microphones, and weather-
board that continuously record data . The chickens were raised under a 
commercial broiler growout program for 42 d . During this period, we 
exposed the chickens on 8 separate days to different stress conditions . 
These stress conditions included: raising the feed lines to temporarily 
withhold feed, raising water lines to temporarily withhold water, and 
decreasing and increasing temperature of growout environment below 
and above the normal operating range . Each of these tests lasted 30 min . 
In addition, for our performance evaluation we chose 7 d in which we 
maintained normal operating conditions . We tested our change point 
detection approach on both stress and normal conditions . Our approach 
correctly identified these changes with a detection rate of 80%. These 
results indicate that this approach for the analysis of audio could provide 
a mechanism for monitoring animal rearing environments and lays the 
foundation for the development of a methodology to characterize stress 
and wellbeing .

Key Words: animal wellbeing, change point, acoustic signal process-
ing, sparse coding, animal welfare

79   Comparison of health, physiology and stress measures of 
clinically healthy and lame broilers. Shawna Weimer*, Robert 
Wideman, Andronikos Mauromoustakos, Karen Christensen, and 
Yvonne Thaxton, University of Arkansas, Fayetteville, AR.

Lameness compromises the welfare of broilers and is logically assumed 
to be stressful . Infrared thermography (IRT) can detect external changes 
in skin temperature related to stress and inflammation related to lame-
ness. Our first objective was to compare stress, leg temperatures and leg 
bone necrosis severity in clinically healthy vs . lame broilers . Our second 
objective was to explore possible relationships between leg oxygen 
saturation of the blood, leg temperatures and leg bone necrosis . Broilers 
were raised in 12 pens with either litter or wire flooring. Wire flooring 
imposes additional mechanical stress on the legs and induces lameness 
attributable to bacterial chondronecrosis with osteomyelitis (BCO) . 
Between 25 and 56 d of age, lame birds on wire flooring (Lame) and 
clinically healthy birds (Healthy) in adjacent litter pens were evaluated . 
Blood samples were collected for serum corticosterone levels (sCORT) 
and thermal images were taken of the head and legs . Body temperatures 
were recorded and a pulse oximeter was used to measure blood oxygen 
saturation in the left and right legs (leg O2) . After euthanasia, body 
and bursa weights were recorded and left and right femora and tibiae 
were scored for femoral head necrosis (FHN) and tibial head necrosis 
(THN) lesion severity . Lame birds had higher body temperature, higher 
sCORT, lower body and relative bursa weights, lower leg O2, and lower 
temperatures of their beak, hocks, shanks, and feet than Healthy birds . 
There were linear relationships (P < 0 .05) of leg O2, and temperatures 
of the hocks, shanks and feet with FHN, THN and Total (FHN + THN) 
lesion severity . There were negative correlations (P < 0 .001) between 
sCORT and hock, shank and feet temperatures . Finally, to predict lame-
ness, a nominal logistic regression model for the binary response of 
Lame vs. Healthy was fit to the data using body temperature, sCORT, 
leg O2 and temperatures of the beak, shanks and feet. The model fit 
statistics included a misclassification rate of 7% and an area under the 
curve (AUC) of 0.98. These results confirm that lame birds are stressed 
and have reduced blood flow to their legs. Additionally, these results 
indicate the utility of IRT as a noninvasive measure of broiler stress 
and lameness .

Key Words: broiler, stress, lameness, bacterial chondronecrosis with 
osteomyelitis, infrared thermography

80   Supplementation of Original XPC or AviCare to reduce 
stress in broilers. JIll Nelson*2, Don McIntyre3, Hilary Pavlidis1, 
and Gregory Archer2, 1Diamond V, Virginia Beach, VA, 2Texas A&M 
University, College Station, TX, 3DiamondV, Cedar Rapids, IA.

Reducing stress is an important goal in animal production and previ-
ous research has demonstrated the ability of the feed additive Original 
XPC (XPC) to reduce the stress response of broilers during a heat 
stress . Three studies were conducted to evaluate the effects of adding 
XPC in the feed or AviCare in the water to broilers exposed to acute 
stress in addition to normal rearing stressors . Treatments included: T1, 
control non-stressed (CNS), T2, control stressed (CS), T3, XPC added 
to the feed at 1 .25 kg/MT (XPC), and T4, AviCare added to water at 
160mL/100L (AVI) . Feed and water additives were given for entire 
period . All treatments except T1 received the following stressors: Live 
cocci-vaccination at d1, reared on reused litter, heat stress episode or 
vaccine stress or combination of the 2 on d18 and feed/water withdrawal 
for 12h on d18 . On d19, blood was collected from 60 birds/T . Blood was 
analyzed for plasma corticosterone (CORT) and heterophil/lymphocyte 
ratios (HL). Analysis of variance was used for analysis with significance 
at P < 0 .05 . At 41d, CORT and HL were also determined in 24 birds/T 
and 3 bilateral bone traits were measured in 60 birds/T to assess physi-
cal asymmetry (ASYM) . In all 3 experiments, the CNS also had lower 
CORT (average 50% lower) and HL (average 42% lower, P < 0 .05) than 
the CS (average per trial 1130 pg/mL and 0 .17) on d19 . Results for all 3 
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experiments showed that birds provided XPC or AVI had significantly 
lower CORT (average 45% lower) and HL (average 27% lower) than CS 
(P < 0 .05) on d19 . Also in all 3 experiments, birds supplemented with 
XPC or AVI had significantly lower CORT (average 61% lower), HL 
(average 31% lower), and ASYM (average 18% lower) than both CNS 
(average per trial 2456 pg/mL, 0 .24, and 2 .49mm) and CS (average per 
trial 2421 pg/mL, 0 .23, and 2 .48mm) on d41 (P < 0 .05) . Supplementing 
broiler chickens with XPC or AVI improved animal welfare measured 
by reduced stress indicators after acute stress or the effects of normal 
rearing stress in both experiments .

Key Words: stress, broiler, XPC, AviCare

81   Effect of rate and extent of starch digestion on broiler feed-
ing and drinking behavior. Eugenia Herwig*, Henry Classen, and 
Karen Schwean-Lardner, University of Saskatchewan, Saskatoon, SK, 
Canada.

Slowly digested starch (SDS) positively affects broiler performance, but 
little is known of the mechanisms involved . Previous results indicate 
that SDS increases digestive tract weight and length, as well as digesta 
content weight, which suggests involvement of the ileal brake . It was 
hypothesized that activation of the ileal brake by the presence of starch 
in the distal small intestine increases satiety and thereby alters feeding 
and drinking behavior. Two semi-purified starch sources with differing 
in vitro digestibility (wheat, rapidly digested starch, RDS; pea, SDS) 
were used in 4 diets with equal starch amount but differing RDS/SDS 
ratios: 100/0, 80/20, 60/40, and 0/100 . The diets were fed to Ross 308 
male (944) and female (1056) broilers housed in 32 litter floor pens from 
0 to 28d under a 14L:10D photoperiod . At 28d, 4 birds in each pen were 
individually marked and 24h video recordings were taken . Focal obser-
vations were performed recording every feeding and drinking bout to 
calculate number of bouts, bout length (BT), time between bouts (TBB) 
and total feeding or drinking time (TT) in seconds . Data were analyzed 
as a 4 (diet) × 2 (sex) factorial with mixed model ANOVA using SAS 
9.4. Significance was considered when P ≤ 0.05. Values are presented in 
increasing SDS inclusion level and superscripts indicate means separa-
tion . Number of feeding bouts in 40% SDS was higher than in 20 and 
100% SDS treatments (80ab, 68b, 85a and 64b), but TT feeding of 40% 
SDS was only higher than 20% SDS (4650ab, 4223b, 5361a, 4414ab) . 
Birds in the 20 and 100% SDS had longer TBB of feeding than 40% 
SDS (4650ab, 4223b, 5361a, 4414ab) . No differences in BL were found 
between diets . Overall males visited the feeder double the times females 
did (98 vs . 50), but their BL values were half those of the hens (39 vs . 
80) . Male values for TT was also higher than females (4087 vs . 3893) . 
No interactions were found between diet treatments and sex . The only 
difference found in drinking behavior is that the average TBB was higher 
in females (718 vs . 538) . Again, no interactions were found . Contrary to 
our hypothesis, increasing levels of SDS did not have a consistent effect 
on the feeding and drinking behavior of broilers . The feeding behavior 
of males was markedly different than females .

Key Words: slowly digested starch, rapidly digested starch, ileal 
brake, behavior

82   The impact of infrared beak treatment on the productivity 
traits of turkeys. Timothy Fiss*1, Susantha Gomis3, Henry Clas-
sen1, and Karen Schwean-Lardner2, 1University of Saskatchewan, 
Qu’Appelle, SK, Canada, 2University of Saskatchewan, Saskatoon, 
SK, Canada, 3Veterinary Pathology, Saskatoon, SK, Canada.

Controlling injurious pecking in commercial turkey flocks remains a 
challenging endeavor in commercial turkey production . An effective 
means of controlling the damaging effects of injurious pecking is the 
use of infrared beak treatment (IRBT) to remove the sharp end of the 
beak . Turkeys (male (27 per pen) or female (38 per pen), untreated (UT) 
or IRBT) were housed in a 2 × 2 factorial arrangement and reared to 12 
wk of age at a predicted final housing density of 32 kg/m2 . A total of 
4 pens were included for each treatment × sex group . All turkeys were 
weighed at wk 1, 2, 3, 4, 8, 12, and feed consumption and efficiency were 
calculated for each time period . Any dead or culled birds were recorded 
daily and necropsied for cause of death . Statistics were performed in 
a randomized complete block design (SAS 9 .4) using Proc Mixed and 
significance was declared at P ≤ 0.05. The data showed that at wk 2, 3 
and 4, IRBT toms were lighter than UT toms (0 .40 vs 0 .42, 0 .76 vs 0 .78 
and 1 .31 vs 1 .36 kg, respectively), but IRBT hens were heavier than 
UT hens (0 .39 vs 0 .36, 0 .69 vs 0 .67, and 1 .17 vs 1 .13 kg, respectively) . 
However by wk 12, toms and hens treated with IRBT were heavier than 
the UT birds (10 .26 for IRBT vs 9 .97 kg for UT) . No differences in feed 
consumption were noted due to IRBT, but a difference between hens 
and toms was observed (1 .98 kg for toms vs 2 .11 kg for hens) . Infrared 
beak treatment had no effect on total mortality, but reduced the number 
of culled birds due to injurious pecking (1 .4% for IRBT vs 6 .1% for 
UT) . Sex had no effect on total mortality (9 .3% for toms vs 7 .9% for 
hens), but an increase in birds culled due to miscellaneous causes was 
observed (4 .6% for toms vs 0 .7% for hens) . To conclude, while IRBT 
may have had a different effect on toms and hens on early body weight, 
weights of IRBT toms and hens were higher at 12 wk of age . The IRBT 
treatment had no effect on feed consumption or efficiency, indicating that 
birds had no difficulty in consuming feed. IRBT significantly reduced 
the harmful effects of injurious pecking which was reflected in the 
reduction of birds that were culled from the experiment .

Key Words: growth, feed consumption, mortality, injurious pecking, 
beak treatment

83   Effects on feather pecking and cloacal cannibalism by 
providing nest boxes in colony cages for layer breeders. Haipeng 
Shi*, Weichao Zheng, and Baoming Li, China Agricultural Univer-
sity, Beijing, China.

In recent years, colony cages for natural mating are used in many new-
built layer breeder farms in China . However, abnormal pecking behavior 
and cloacal cannibalism are prominent problems in such colony cages . 
This study was conducted to investigate the effects on feather pecking 
and cloacal cannibalism by providing nest boxes (length 0 .90m × width 
0 .40m × height 0 .60m) in colony cages (length 4 .80m × width 1 .20m × 
height 0 .71m) for layer breeders . We predicted that hens have no con-
cealed nest sites were more disturbed by other hens during egg laying 
period, which may cause high level of fearfulness and pecking activity . 
For each group, with nest boxes (the treatment) or without nest boxes 
(the control), 12 cages were selected. Each cage confined 10 roosters 
and 90 hens and 12 hens were randomly chosen as the focal birds . Nest 
boxes were provided at the age of 37 weeks . The usage of nest boxes 
and feather pecking were measured at 41, 47, 53 weeks of age, tonic 
immobility were tested at 43, 49, 55 weeks of age, Duration of these 
data recordings was within 3 consecutive days at each age . Mortality 
and cannibalistic injuries were recorded from 37 to 55 weeks of age . 
Each parameter was tested for normality and heterogeneity of variance 
before analysis . When data were not normally distributed and could not 
be solved by transformation, non-parametric statistics would be used for 
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analysis . The results showed that the utilization rate of nest boxes was 
36 .75%, 44 .75%, and 50 .38% at the age of 41, 47 and 53 weeks, respec-
tively. Birds in the control group showed significantly frequent gentle 
feather pecks (given and received)than birds in the treatment group at 
the age of 41, 47 and 53 weeks (P < 0.05). No significant difference 
was found in the number of given or received severe feather pecks at 
the age of 41 weeks. But birds in the control group showed significantly 
higher frequency of given and received severe feather pecks than birds 
in the treatment group at the age of 47, 53 weeks (P < 0 .05) . Birds in 
the control group had worse plumage condition and were more fearful 
(P < 0 .05) . Both the occurrence of cannibalistic injury and mortality 
in the treatment group were significantly lower than that in the control 
group. In conclusion, nest boxes provide an extra benefit of creating an 
environment that may be perceived as more safe by hens and decreasing 
abnormal pecking behavior and mortality caused by cloacal cannibalism .

Key Words: colony cage, breeder, nest boxes, feather pecking, 
cannibalism

84   Growth-dependent changes in pressure sensing walkway 
data for turkeys. Jody Kremer*1, Cara Robison1, Sally Noll4, R . 
Michael Hulet2, Marisa Erasmus3, and Darrin Karcher3, 1Michigan 
State University, East Lansing, MI, 2Penn State University, University 
Park, PA, 3Purdue University, West Lafayette, IN, 4University of Min-
nesota, St Paul, MN.

Genetic selection for rapidly growing turkeys has created unintentional 
consequence impacting the skeletal system resulting in long bone dis-
tortions . These distortions have resulted in locomotor problems, gait 
abnormalities, leg weakness or lameness issues . These effects raise wel-
fare issues along with animal agriculture inefficiency in the form of lost 
product . The purpose was to determine baseline gait and force distribu-
tion in visibly unimpaired growing turkey hens . Commercial turkey hen 
poults (n = 100) were placed on pine wood shavings providing 0 .78m2 
per bird with ad libitum access to feed and water at the MSU Poultry 
Farm. Fifty hens were randomly selected at 5 wk and identified with a 
leg band to ensure longitudinal data collection . The turkeys were walked 
across a pressure-sensing walkway (PSW, Tekscan, Boston, MA), one 
to 3 times and weighed at 5, 6, 8, 10 and 11 wk of age . PSW collected 
data on gait length, gait time, step force and step length and the statistics 
were analyzed with SAS . Both temporospatial data, including step time 
and step length, and kinetic data, including peak downward force and 
vertical impulse, were recorded . Body weight increased linearly with 
age (P < 0 .001), demonstrating a typical growth pattern . Gait cycle time, 
max force and max force with respect to body weight all displayed no 
difference between right and left sides, indicating that the hens had no 
detectable gait abnormalities . Cadence did not correlate with age (P = 
0 .67) proposing the variation (63 .9–73 .0 steps/min) was not due to age . 
Gait velocity increased with age but no difference between wk 10 and 
11 (P < 0 .01) suggesting birds either became accustomed to the equip-
ment or reached the natural gait velocity of approximately 24 .8–27 .5 
cm/s . The gait cycle time (1 .54–2 .06 s) did not correspond with age (P 
= 0 .4) . Max force increased linearly with age (P < 0 .001) for hens 11 
wk = 9 .40 kg . Max force/kg body weight increased linearly with age 

(P < 0 .001) for hens 11 wk = 1 .37 kg/kg bw . Overall, the birds were 
not lame and some data were influenced by the hen’s adjustment to 
the materials or stage of growth; in contrast, some temporospatial data 
did not coincide with age . The PSW could be used to detect locomotor 
issues in commercially produced turkey hens providing another tool for 
assessing well-being . This project was supported by Agriculture and 
Food Research Initiative Competitive Grant no . 2016–67015–24457 
from the USDA National Institute of Food and Agriculture .

Key Words: turkey, gait, lameness, force

85   Effect of bird density and bedding source on heavy turkey 
hens: footpad dermatitis. Gabriella Furo*3, R . Michael Hulet1, Lisa 
Kitto1, Sally Noll3, Darrin Karcher2, and Marisa Erasmus2, 1Penn 
State University, University Park, PA, 2Purdue University, West 
Lafayette, IN, 3University of Minnesota, St Paul, MN.

Footpad dermatitis (FPD) is a frequently observed condition that can 
impact profitability, bird performance and wellbeing. Bedding character-
istics can affect FPD . Increased bird density with the resulting increased 
moisture load may modify the suitability of a bedding material . A study 
was conducted to investigate the effects of turkey hen density (D; 4 .2, 
5 .3 and 7 hens/m2) and 2 bedding (B) materials (pine shavings, PS and 
giant miscanthus grass, MG) in a factorial arrangement on severity and 
prevalence of FPD in turkey hens . A secondary objective was to correlate 
footpad scores taken in the pens to scores taken after euthanasia and 
storage of the footpad sample in formalin to confirm live bird scoring. 
The study was conducted at Penn State University where Hybrid poults 
(1056) were placed into 24 pens for rearing . At 14 wks of age, a com-
posite footpad score (FPS) (increasing severity 0, 1 or 2) for each hen in 
the study was obtained without cleaning the pads . One hen per pen was 
selected, scored, euthanized, and the footpads excised and placed into 
10% buffered formalin . Pads were re-scored after the adhering manure 
separated. Analysis of variance determined significance (P < 0 .05) of B, 
D, and BxD . Correlation (Spearman) was used to determine the strength 
of the relationship between FPS taken before and after euthanasia of 
sampled hens . At 14 wks, FPS averaged 1 .1 and the prevalence of hens 
with scores of 0, 1, and 2 was 21, 51, and 28%, respectively . Hens reared 
on MG had higher FPS compared with those on PS (1 .43 vs 0 .71) . As D 
increased, FPS increased from 0 .77 to 1 .27 at highest D . The effect of 
D on the prevalence of hens with a zero FPS was dependent on bedding 
type . The proportion of hens reared on PS with zero FPS was 69, 30 
and 19% at 4 .2, 5 .3 and 7 hens/m2, respectively, while for hens reared 
on MG, no difference was detected among D (7, 0 .6, and 0 .5% at 4 .2, 
5 .3 and 7 hens/m2, respectively) . The positive correlation (r = 0 .59, P 
< 0 .01) comparing FPS taken in the pen and after sample storage in 
formalin indicated general agreement of visual scores . In conclusion, 
prevalence and severity of FPD can be reduced by use of pine shavings 
for bedding and decreasing bird density . Project support by Agriculture 
and Food Research Initiative Competitive Grant no . 2016–67015–24457 
from USDA National Institute of Food and Agriculture .

Key Words: turkey, density, bedding, footpad dermatitis
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86   Effect of early-life nutritional stress on the expression of 
vasotocin and corticotropin-releasing hormone receptors in liver 
and anterior pituitary of male broilers. Seong Kang* and Wayne 
Kuenzel, Department of Poultry Science, University of Arkansas, 
Fayetteville, AR.

The transportation of post-hatched chicks induces early-life nutritional 
stress and influences growth performance. Mammalian vasopressin 
receptor 1a (V1aR), and corticotropin-releasing hormone (CRH) recep-
tors in liver are involved in the metabolic disorder affecting glucose 
homeostasis . The objective of this study was to test the hypothesis that 
the post hatch nutritional stress (feed deprivation, FD) causes the dif-
ferential changes of the avian vasotocin receptors type 1a (V1aR) and 
type 1b (V1bR), as well as CRH- receptor type 1 (CRH-R1) and type 
2 (CRH-R2) expression in liver and anterior pituitary of broilers . Day-
old chicks were randomly selected into 2 groups . Group 1, 5 treatments 
(trts): 1) 0hr controls (Con), 2) 12hr feed (12hF), 3) 12hFD, 4) 36hF, 
and 5) 36hFD . Trt 1 was sampled 0hr, trt 2 and 3 at 12hr while trt 4 
and 5 at 36h . Anterior pituitaries (AP), liver and blood samples were 
collected for all trts (n = 14/trt) . Group 2, 3 trts: 1) controls (Con2), 2) 
12hFD2, and 3) 36hFD2 . Group 2 trt 2 and trt 3 experienced the same 
trt at the same age as Group 1 trt 3 and trt 5, respectively . Birds in Con2 
had full feed throughout the experiment . All birds in Group 2 were 
sampled at 6 weeks of age, including AP, liver and blood (n = 10–12/trt) . 
One-way ANOVA was performed using the JMP 11 followed by mean 
comparison using the Tukey’s HSD test . Results showed that CORT 
levels increased in 12hFD and 36hFD compared with controls (12F 
and 36F). No significant difference of CORT was observed in between 
12hFD2 and 36FD2 compared with Con2 . Results of gene expression 
study showed that V1aR, CRH-R1 and CRH-R2 in AP were decreased 
by 12hFD compared with controls (P < 0 .05) . V1aR and CRH-R2 in AP 
were increased by 36hFD (P < 0 .05) . V1bR and CRH-R1 in AP were 
decreased by 36hFD (P < 0 .05) . In liver, V1aR was increased by 12hFD 
and 36hFD. There were no significant changes in V1bR, CRH-R1 and 
CRH-R2 expression by 12hFD and 36hFD . At 6 weeks of age, V1aR, 
V1bR, CRH-R1 in AP, and V1aR, CRH-R1 and CRH-R2 in liver in 
36hFD2 birds were increased compared with Con2 and 12hFD2 (P < 
0 .05) . CRH-R2 in AP, and V1bR, CRH-R1, and CRH-R2 in liver of the 
12hFD2 birds were decreased compared with controls (P < 0 .05) . Taken 
together, results suggest that 12hFD and 36hFD stress in post hatch 
chicks cause differential effects to chicken VTR and CRHR expression 
in the early-life period . The upregulation of the VTRs and CRHRs in the 
36hFD compared with 12hFD broilers persisted through 6 weeks of age .

Key Words: nutritional stress, liver, anterior pituitary, vasotocin 
receptor, CRH receptor

87   Cellular evidence supporting an additional structure in 
the chick brain involved in the neuroendocrine regulation of the 
stress response. Wayne Kuenzel*1, Gurueswar Nagarajan1, Alexan-
der Jurkevich2, and Seong Kang1, 1University of Arkansas, Fayette-
ville, AR, 2University of Missouri, Columbia, MO.

The traditional neuroendocrine system regulating stress is the hypo-
thalamo-pituitary-adrenal (HPA) axis . A recent study involving broilers 
subjected to a stressor, food deprivation, revealed that the first brain 
structure responding to that stressor was not in in the paraventricular 
nucleus (PVN) of the hypothalamus. The first response occurred in the 
septum, in a structure called the nucleus of the hippocampal commissure 

(NHpC) . The NHpC displayed a marked increase in mRNA that codes for 
the stress hormone corticotropin-releasing hormone (CRH) (Nagarajan 
et al ., 2017, Neurosci . Lett ., 642:14–19) . Experiments were designed to 
obtain cellular evidence supporting the NHpC as a structure in the HPA 
axis . Brain slice culture experiments were performed using chick brain 
slices, sectioned at 350μm and placed in cell culture inserts supplied 
with a standard culture media to keep cells viable . Slices were main-
tained in a culture environment for 9–10 d set at 36C with 95%O2, 5 .0% 
CO2 before the initiation of treatments . Within the NHpC an arginine 
vasotocin (AVT) terminal field was previously found along with CRH 
neurons and receptors for AVT, vasotocin 1a receptors (V1aR) . Therefore 
AVT was administered to slices containing the NHpC . Additionally a 
specific blocker of the avian V1aR known as SR-49059 was also applied 
to slice cultures . The purpose was to determine whether AVT would 
activate CRH neurons and the antagonist, SR-49059, would attenuate 
CRH gene expression . Three treatment (trt) groups: AVT administration, 
AVT + SR-49059, and controls (n = 6/trt) were formed . An ANOVA 
followed by a mean separation test, the lsd, were performed . Indeed AVT 
significantly increased CRH mRNA (P ≤ 0.05). When the blocker was 
applied before AVT administration, an increase in CRH gene expression 
was not observed . Curiously, the avian V1aRs were not found on CRH 
neurons . Immunocytochemistry revealed that V1aRs were abundant in 
glia within the NHpC . Results strongly suggest a possible intercellular 
communication between glia and CRH neurons . One candidate serving 
that role is brain derived neurotrophic factor (BDNF), since BDNF was 
activated by AVT administration . Additional data showed that the AVT 
response of BDNF was not observed when SR49059 was applied to 
brain sections containing the NHpC . It is unknown whether the source 
of BDNF released by AVT trt was from glia and/or neurons within the 
NHpC . Supported in part by an Arkansas Biosciences Institute Grant .

Key Words: broiler, septal brain region, corticotropin-releasing 
hormone, BDNF

88   Sperm-associated antigen 6, a flagellar protein important 
in mammalian fertility, is sequentially expressed in the male 
reproductive tract and associated with increased sperm mobility 
in the rooster. Andrew Benson and Muslah Ahammad*, University 
of Georgia, Athens, GA.

Sperm mobility has been shown to be a primary determinant of fertil-
ity in domestic fowl . To initiate fertilization, avian sperm cells rely on 
the propulsive forces generated by their flagella to reach sperm storage 
tubules and the site of fertilization in the oviduct as well as penetrate the 
investments of the egg . In mice, sperm-associated antigen 6 (SPAG6) 
is a scaffold protein that maintains the structural integrity of the sperm 
flagella and is essential for sperm mobility and fertility. Due to its known 
role in mammals and the significance of mobility in avian reproduc-
tive fitness, the expression of SPAG6 was investigated in the domestic 
chicken . In the present study, we examined the male reproductive tis-
sues and sperm with differential mobility for the expression of SPAG6 . 
Percoll density gradient centrifugation and swim-up migration sedimen-
tation technique were used to separate high, medium and low mobile 
sperm . The expression of SPAG6 from sperm lysates isolated from the 
testes, epididymides, vas deferens, and ejaculated sperm of different 
mobility were subjected to quantitative western analysis . Quantitative 
Western blot analysis determined the intensity of SPAG6 expression was 
significantly increased at different stages of sperm maturity from testes 
through ejaculation . The fold difference values for testicular, epididymal, 
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vas deferens and ejaculated sperm were 1 .00 ± 0 .00, 1 .35 ± 0 .03, 2 .11 
± 0 .16 and 2 .32 ± 0 .30, respectively; P < 0 .05 . Expression of SPAG6 
was also greatest in highly mobile sperm . The fold difference values for 
sperm with high, medium and low mobility were 1 .00 ± 0 .00, 0 .78 ± 0 .06 
and 0 .72 ± 0 .05, respectively; P < 0 .05 . The Accudenz assay was used to 
group roosters based on consistently producing sperm of low and high 
mobility. The expression of SPAG6 was significantly greater in sperm 
from roosters of the high mobility group (1 .00 ± 0 .00) followed by the 
low group (0.87 ± 0.03). Immunocytochemical analysis confirmed the 
localization of SPAG6 in the axoneme of the mid and principal piece of 
the sperm flagellum. The findings of the present study demonstrate that 
SPAG6 is localized in the axoneme of the rooster sperm flagellum, is 
sequentially expressed in the male reproductive tract and that its expres-
sion is directly correlated with sperm mobility . It is suggested that the 
SPAG6 might be used as an easily accessible marker for selection of 
broiler breeders with high-mobility or fertility potential .

Key Words: SPAG6, sperm, immunocytochemistry, mobility, West-
ern blot

89   The effect of incubation temperature and time of hatch on 
muscle growth and morphology. Daniel Clark*1, Kim Walter2, and 
Sandra Velleman1, 1The Ohio State University, Wooster, OH, 2Avia-
gen, Inc., Albertville, AL.

The adult myogenic population of stem cells, called satellite cells, ini-
tially develop and become active in late-term embryos . Satellite cells are 
the only cell with the capacity to repair damaged myofibers and increase 
posthatch growth . Altering satellite cell activity may effect posthatch 
growth and muscle morphology . The objective of the current study was to 
determine if elevated incubation temperatures and time of hatch impact 
growth and pectoralis major (p . major) muscle morphology . Eggs were 
incubated at a constant 37 .8°C; however, from d 14 to 18 the eggs were 
subject to 39 .5°C for either 0, 3, or 12 h per day . Chicks were divided into 
early, mid, or late hatch groups based upon the time they emerged from 
the shell. Feed efficiency and body weight were evaluated throughout 
the trial while meat quality and muscle morphology was evaluated at the 
end of the 63 d trial . The chicks incubated at an increased temperature 
for 12 h per d had reduced (P < 0 .01) body weights from 5 to 63 d of 
age compared with the 3 h treatment and control . There were no differ-
ences in body weight between the early, mid, or late hatch groups at any 
age, except at the time of processing when the early hatch group had 
an increased (P < 0 .01) body weight compared with mid and late hatch 
broilers . Chicks from the 12 h incubation treatment had an increased 
(P = 0 .01) gain to feed ratio compared with the control . Broilers from 
the 12 h incubation treatment had lower (P < 0 .01) body and p . major 
weights compared with the 0 and 3 h treatments . Early hatch broilers 
had heavier body and p . major weights (P < 0 .01) compared with mid 
and late hatch groups . The 12 h incubation treatment also reduced 
the number of broilers with moderate to severe fibrotic and necrotic 
attributes associated with myopathic p . major muscle compared with 
the control. Similarly, there were fewer late hatch birds with fibrotic 
and necrotic p . major muscles compared with the early hatch group . 
Ultimate pH was increased (P = 0 .02) in early hatch broilers compared 
with the mid and late hatch groups; whereas, incubation temperatures 
did not affect (P = 0 .03) ultimate pH . Together, these data demonstrate 
that altering incubation temperature is a feasible management strategy 
to improve muscle morphology without negatively affecting meat 
quality parameters .

Key Words: broiler, chicken, incubation temperature, time of hatch, 
muscle morphology

90   Sentinel cells of ducks complicate interpretation of the H/L 
ratio. Paul Cotter*, Cotter Laboratory, Arlington, MA.

The purpose is to establish blood pictures (hemograms) of ducks by a 
combination of gross and microscopic study . Blood from 12 commer-
cially housed ducks (6 drakes and 6 hens) at 22 wk is the data source . 
Sedimentation rates and hemoglobin scores composed the gross data, 
and standard differential counts (SDC) of Wright’s stained blood com-
posed the microscopic data . Total white blood cell counts (TWBC) were 
estimated by extrapolation from the SDC slides . Linear regression of 
sedimentation rates determined by 5 measurements gave an estimate 
of −1.2 mm/hr (R2 = 0 .95) . Hemoglobin scores, estimating erythrocyte 
fragility, were based on a subjective scale ranging from 0 – 3 . The aver-
age of 0.67 (+/− 0.2) did not differ between sexes (P = 0 .53) . In standard 
differential counts, leukocytes (2 × 200) were sorted as classic, variant, 
and typical heterophils (HC, HV, HT) small, medium, and atypical 
lymphocytes (Ls/Lm) monocytes, basophils, and eosinophils . Sentinel 
cells, including atypical heterophils, plasmacytes with segmented nuclei 
(Tau cells) and giant cells were commonly seen . In several samples, 
autophagocytosis was evident . Heterophil lymphocyte ratios (H/L 1, 
H/L 2) and their difference (d H/L) were computed from SDC data . H/L 
1 = (HC + HV + HT)/(Ls), H/L 2 = (HC + HV + HT)/ (Ls + Lm) and 
d H/L = (H/L 1 – H/L 2) . H/L ratios were higher in drakes (H/L 1 ~10, 
P < 0 .03, H/L 2 ~5 .5, P < 0 .01) than in hens (H/L 1 ~2, H/L 2 ~1 .3) . 
The average TWBC of 65K/μL for drakes and 59K for hens were not 
different (P = 0 .48) but were at leukocytosis/leukemoid reaction levels . 
Collectively, complex hemograms characterized by a variety of atypical 
sentinel cells occur in commercial ducks . They indicate informative 
blood pictures require both gross and microscopic observations . The 
observations are useful in determining stress, estimating welfare, and 
evaluation of experimental treatments . They add to basic hematological 
information of an important food species .

Key Words: complex hemogram, duck, hematology, Tau plasmacytes

91   Glucose and uric acid in blood of broiler chicken. Ricardo 
Nunes*1, Jomara Broch1, Lucas Wachholz1, Cleison Souza1, Cinthia 
Eyng1, Paulo Pozza2, and Gene Pesti3, 1Universidade Estadual do 
Oeste do Paraná–UNIOESTE, Marechal Cândido Rondon, Paraná, 
Brazil, 2Universidade Estadual de Maringa, Maringa, Parana, 
Brazil, 3University of Georgia, Athens, GA.

Sodium fluoride is the main anticoagulant used for the quantification of 
blood glucose. There is evidence that the period of fasting may influence 
some blood metabolite measurements . Thus, this study was to evaluate 
the effects of time of fasting, the use of an anticoagulant (NaF) and stor-
age time on the metabolites uric acid and glucose present in the blood 
of broilers . Sixty (60) male broilers were grown to 45 d of age with an 
average weight of 3264 ± 235 g . They were fasted for 1 h and then fed 
for 30 m . After feeding, blood was collected from 10 birds (postprandial 
or time zero bleeding) . Subsequently blood was collected at intervals of 
2 h during a further 12 h fast . The blood was collected from the ulnar 
vein, using vacuum tubes with and without anticoagulant (NaF) . The 
blood remained at rest for 15 m and was centrifuged at 2500 rpm for 
10 m . Plasma and serum fractions were placed into Eppendorf tubes . 
The fractions were refrigerated (−20°C) for 30 and 60 d. Analyses were 
done using a biochemical autoanalyzer (Flexor EL 200) The results were 
analyzed using the GLM procedure in SAS . There were no observed 
interactions between the fraction, storage or time period of fasting . Glu-
cose levels were higher (P = 0 .004) in the serum (248 ± 25) compared 
with the amount present in the plasma (234 ± 17) . Serum coagulation 
may be inhibit the enzyme enolase, preventing the use of glucose by 
leukocytes and erythrocytes . The time of fasting effected glucose levels 
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at all storage periods (P = 0 .009) . There was a cubic response to fasting: 
glucose levels peaked just after 2 h fasting, then declined until 10 h of 
fasting, and then increased, probably due to gluconeogenesis . Level of 
uric acid was not influenced by the period of fasting, but uric acid values 
increased with storage time for both serum and plasma . To carry out a 
correct evaluation of glucose and uric acid metabolites in the blood of 
broilers, one must take into consideration the period of fasting, storage 
time and serum versus plasma .

Key Words: fasted, serum, plasma, storage

92   Evaluating the accuracy and precision of blood glucose 
measurements in broilers and turkeys. Catherine Vermette*, Aidan 
McNeil, Karen Schwean-Lardner, and Trever Crowe, University of 
Saskatchewan, Saskatoon, SK, Canada.

The accuracies of 2 glucose meters, the OneTouchUltraMini and Istat 
(Abbott Point of Care) were determined relative to a laboratory standard 
using a UV test and hexokinase enzymatic reference method (chemistry 
analyzer; Cobas c311 by Roche diagnostics) . Thirty blood samples (~4 
mL each) were drawn from the brachial vein of 32 d old broilers and 8 
wk old turkeys into heparinized blood tubes at 2 or 3 time points . For 
broilers, 3 sample times (8:00, 10:00 and 15:00) were selected to obtain a 
range of glucose readings, totaling 90 samples . Feed was removed from 
birds at 18:00 the night before testing (14 h feed withdrawal) and birds 
were allowed access to feed at 9:00, after the first collection. Turkeys 
experienced the same feed withdrawal, with only 2 blood samplings 
at 8:00 and 10:00, totaling 60 samples . A few drops from each sample 
were used for the Istat glucose reading . Plasma was separated from the 
remainder of each sample and used in the hexokinase enzymatic refer-
ence method . Additionally, 3 replicates of OneTouch glucose readings 
were collected at 2 ambient temperatures: warm (21°C) and cold (4°C) . 
The means ± SD of glucose readings were determined for broiler and 
turkey warm (15 .0 ± 3 .5 mmol/L and 17 .1 ± 1 .7 mmol/L, respectively) 
and cold (17 .0 ± 3 .4 mmol/L and 18 .7 ± 2 .2 mmol/L, respectively) 
meters . Results varied between glucose-measuring devices when using 
blood from broilers (P = 0 .0001) . Readings from the warm OneTouch, 
the Istat and the hexokinase enzymatic reference method were most 
similar . Readings from the cold OneTouch meter were different from 
the others . Data from turkey blood were different for all devices (P 
= 0 .0001) . The cold temperature affected the glucose meter readings 
when compared with the warm meter for both broilers and turkeys (P 
= 0 .0001) . Data showed that the accuracy and precision of glucose 
measures may be affected by instrumentation and operating conditions, 
and device calibration is recommended .

Key Words: Istat, OneTouch meter, hexokinase enzymatic reference 
method, temperature

93   Cholesterol and triglycerides in blood of broiler chicken. 
Ricardo Nunes*1, Cleison Souza1, Lucas Wachholz1, Jomara Broch1, 
Cinthia Eyng1, Jarred Oxford2, and Gene Pesti2, 1Universidade 
Estadual do Oeste do Paraná - UNIOESTE, Marechal Cândido 
Rondon, Paraná, Brazil, 2University of Georgia, Athens, GA.

Biochemical metabolites can be used in research to auxiliary in the 
experimental responses, however factors such as time of fasting (TF), 
blood fraction (BF) and storage period (SP), can interfere on the results . 
The aim of this study was to evaluate the effects of TF, SP and BF (serum 
vs . plasma) on cholesterol (Cho) and triglycerides (TG) on broilers . 60 
male broilers were grown to 45 d of age with an average weight of 3264 
± 235 g . Initially the birds were fasted for 1 h, fed for 30 min and the 
first postprandial or time zero blood was collected. Thereafter blood was 

collected at 2-h intervals during a 12-h fast . The blood was collected from 
the ulnar vein, using vacuum tubes with and without anticoagulant (NaF 
and heparin) . After the blood was harvested it remained at rest for 15 
min and was then centrifuged at 1050g for 10 min . The BF were placed 
into Eppendorf tubes. The refrigerated (−20°C) fractions of blood were 
stored for 0, 30 and 60 d . Before analysis of Cho and TG, the samples 
were centrifuged . Anaylsis was done using a biochemical autoanalyzer 
with specific kits, calibrated with standard Elical. The metabolites were 
analyzed separately assessing differences between fasting, storage time 
and fractions . There were no observed interactions between factors both 
metabolites . There were no observed effect of storage period on Cho and 
TG. The amount of Cho was significantly higher (P = 0 .02) in the serum 
fraction (139 ± 17mg dL−1) than plasma (123 ± 16mg dL−1) . Cho levels 
increased linearly (P < 0 .01) with fasting (Cho = 1 .0079*h+124 .96, R 
= 0 .45), the need for blood metabolite carriers increased the level of 
circulating Cho . This increase may be related to the performance of Cho 
when antioxidants protect the body cells against harmful effects of free 
radicals that can be produced by long periods of fasting . Another function 
of Cho is to promote the welfare of the individual through the proper 
functioning of serotonin receptors in the brain . TG levels were equal in 
BF, however TG levels were lowest (P < 0 .01) at 8 h and 40 min (TG 
= 0 .526*h-9 .1176*h+75 .344, R = 0 .90) . TG’s are small particles and 
are important indicators of fat metabolism . The decreasing levels of TG 
were related to the duration of fasting . The main TG precursors are fats 
and carbohydrates in the diet . As the birds fasted, there was a decrease 
in circulating TG levels . Stored energy in the form of fat maintained an 
adequate level of circulating TG .

Key Words: fasted, serum, plasma, storage

94   Reproductive performance assessment of two White Leg-
horn lines free of endogenous viruses. Gururaj Kulkarni*, Kunzhe 
Dong, and Huanmin Zhang, USDA-ARS, East Lansing, MI.

Two of the chicken lines that USDA-ARS Avian Disease & Oncology 
Laboratory (ADOL) have developed and maintained are line 0 and line 
0 .TVB*S1 (also known as rapid feathering susceptible or RFS) . Line 0 
was developed in the 1980s (Bacon et al ., 2000), and RFS was devel-
oped in 2007 (Zhang et al ., 2008) . These 2 lines of chickens are free of 
subgroup E avian leukosis virus (commonly referred to as endogenous 
virus free or ev free) . The reproductive performance of these rare ev-
free lines has not been assessed since their establishment . Reproductive 
records from the past 5 years (2012–2016) were used to retrospectively 
assess the reproductive characteristics of fertility, embryo mortality 
and hatchability, which is vital to ensure future reproductive success 
of the lines and to meet research needs for embryos and chicks of the 
lines . The realized fertility for line 0 ranged from 85% to 93 .4%, and 
for line RFS, from 74 .2% to 91 .1% during the past 5 years . The average 
fertility of line 0 (88 .9%) was higher than line RFS (82 .5%; P < 0 .01) . 
Statistical analysis suggested that genetic line and the reproductive year 
both significantly affected the fertility characteristics in addition to a 
line by year interaction (P < 0 .001) . Embryo mortality ranged from 
5 .5% to 10 .6% and 6 .4% to 10 .8% during the years for line 0 and line 
RFS, respectively. The embryo mortality fluctuated from year to year 
with an overall average of about 7 .9% for both lines . The hatchability 
ranged from 83 .3% to 87 .3% and 78 .3% to 86 .6% for line 0 and line 
RFS, respectively . The overall average of hatchability was 85 .4% and 
82 .9% for line 0 and line RFS, respectively . Statistical analysis indicated 
that a line by year interaction had a significant influence over the hatch-
ability characteristics (P < 0 .05) . In comparison with the reproductive 
performance of 21 inbred lines of White Leghorns that carry multiple 
ev genes in their genome (lines 63, 72 and 19 recombinant congenic 
strains) and were maintained under the same conditions at ADOL 
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(Kulkarni and Zhang, 2015), the average fertility of these 2 ev-free 
lines is comparable, the embryo mortality is significantly lower, and 
the hatchability is significantly higher. The findings of this study also 
suggested that endogenous viral genes are non-essential to reproductive 
performance in chicken .

Key Words: endogenous virus-free birds, genetic lines, fertility, 
embryo mortality, hatchability

95   Laying hen strain influences skeletal morphology and keel 
fracture prevalence in multi-tier aviary system. Prafulla Regmi*1, 
Deana Jones2, Richard Gast2, and Darrin Karcher1, 1Purdue Univer-
sity, West Lafayette, IN, 2USDA-ARS, Athens, GA.

The change in US laying hen housing system means that the focus has 
been shifted from conventional cages to more extensive systems . A great 
deal of literature exists on nutrition, management, and breed perfor-
mance in the conventional cages but not so much in the newer systems . 
Larger colony size and extensive opportunities of vertical and lateral 
movement associated with newer systems such as the multi-tier aviary 
(AV) system pose unique challenges to hen well-being, production, and 
management . The objective of this study was to evaluate the skeletal 
properties of brown and white egg strain of layers in the AV system . Floor 
reared pullets of 4 different strains – Hy-Line Brown, Bovan Brown, 
Dekalb White, and Hy-Line W36 were transferred to AV system at 16 
wk . Hens were randomly distributed in 4 sections per room of 4 AV 
rooms at 144 birds per section . At 72 wk, 14 hens from each section 
were euthanized and tibia and keel bones were collected . Bone weight 
was measured and bones were scanned using a laser imaging system 
(Volscan Profiler) for measurement of volume and surface area. Tibia 
ash content was measured on a dry bone basis whereas keel fractures and 
deviations were scored on a binary scale . Data were analyzed with mixed 
ANOVA model including fixed effect of strain and random effect of AV 
rooms . Brown egg strains will be referred to as A and B whereas white 
egg strains will be referred to as C and D here onwards . Bone volume, 
surface area, length, dry bone weight, and ash weight were greater in 
brown hens than white hens (P < 0 .05) . Among the white hens, C had 
longer heavier tibia with bigger volume and surface area than D (P < 
0 .05) whereas dry bone weight and ash weight were not different . Keel 
surface area and volume was greater in brown hens than white hens 
with values lowest for D and intermediate for C (P < 0 .05) . All strains 
of hens suffered high incidences of keel fracture (90%) and deviations 
(51%) . The prevalence of fracture occurrence was lowest in A (78 .6%) 
compared with B (92 .9%), C (96 .2%) and D (92 .9%) (P < 0 .05) . Keel 
deviation was lower in A and D hens compared with B and C hens (P < 
0.05). The results indicate that strain influences the skeletal parameters 
and fracture prevalence in AV systems .

Key Words: laying hen, aviary, tibia, keel, fracture

96   Analytical bone calcium correlates to calcium calculated 
using quantitative computed tomography in long bones from 
mature laying hens. Cara Robison*1 and Darrin Karcher2, 1Michi-
gan State University, East Lansing, MI, 2Purdue University, West 
Lafayette, IN.

Laying hen skeletal health continues to be a priority in the industry . 
Bone ash and bone Ca quantification in laying hen long bones provides 
valuable information on the skeletal health . Unfortunately, these mea-
surements can only be accomplished by sacrificing hens thus making 
longitudinal measurements on the same hen impossible . Quantitative 
CT (qCT) has been used on wings and legs to determine bone density by 

scanning with a calcium hydroxyapatite phantom . qCT has been success-
fully used to scan live hens throughout the production cycle; however, 
there is currently no information on how accurately qCT calculated bone 
Ca corresponds to analytical bone Ca . The objective of this study was 
to determine the relationship between qCT bone density and analytical 
bone Ca . Wings and leg quarters from 72 wk old W-36 hens were qCT 
scanned (Revolution Evo, GE) at 120 KVP, 320 mAmp with 0 .625 mm 
slices in the presence of a qCT Phantom . Humeri, femurs, and tibias 
were cleaned after scanning, divided into epiphysis (E) and diaphysis 
(D), fat extracted, and ashed . For each long bone, 4 samples each of E, 
D, and whole bone were digested with nitric acid and Ca was determined 
using atomic absorption spectrophotometry . qCT scans were digitally 
analyzed with Mimics software (Materialise NV, Leuven, Belgium) 
to calculate bone volume and density in Hounsfield units. Utilizing 
the qCT phantom and bone volume, total g Ca was calculated for E, 
D, and whole bone . Data were analyzed with regression analysis and 
Pearson correlations were determined . Regardless of bone, analytical 
Ca of the E, D and whole bone were correlated with qCT Ca (R2 = 0 .79, 
P < 0 .01; R2 = 0 .98, P < 0 .01 and R2 = 0 .95, P < 0 .01, respectively) . 
Similar results were observed when correlations were analyzed by type 
of bone . Correlations were also examined by bone part within bone . 
Humeri E analytical Ca had no correlation to qCT Ca (R2 = 0 .24, P = 
0 .75) and femur E displayed weak correlation (R2 = 0 .73, P = 0 .27) . 
qCT overestimated Ca content by 3x in the tibia, 1 .9x in the humerus, 
and 2 .7x in the femur . Low bone density in the E of the humerus makes 
digital analysis difficult. In some cases, the muscle tissue surrounding 
the humerus has a higher density . Tibia Ca was correlated highly for E, 
D, and whole bone suggesting that qCT Ca would accurately represent 
changes in bone Ca . Based on this information qCT could provide rela-
tive quantitative assessment of bone Ca in live birds proving useful in 
long-term studies .

Key Words: laying hen, calcium, bone, computed tomography

97   Efficacy of protein and probiotics supplementation on 
dynamics of endocrine markers and liver enzymes in serum of 
molted egg laying hens. Haseeb Anwar*, Government College Uni-
versity, Faisalabad, Pakistan.

Serum lipid profile, hormones and liver enzymes were studied to seek 
the health status in relation to production efficiency in molted layers 
supplemented with protein (P), probiotics (PRO) and symbiotics (SYM) . 
There were 4 equal groups (n = 50 each) as control (CONT; CP16% 
diet, no other supplement), P; CP18% diet, No other supplement, SYM; 
CP16% diet, Symbiotic at the dose rate of 85mg L−1 in drinking water) 
and PRO; CP16% diet, Probiotic at a dose level of 85mg L−1 in drink-
ing water) . Fifteen birds were selected at 5% (5P), peak (PP) and end 
of post molt production stage (EP) in each group to collect blood via 
venipuncture. Lipid profile, hormones and liver enzymes were estimated 
from serum via competitive ELISA method and commercially available 
kits . The means between different groups were statistically compared 
at 3 production steps i .e ., 5P, PP and EP . The Low density lipoprotein 
cholesterol (LDL-C; mg/dl) and cortisol (µg/dl) concentration (P ≤ 
0 .05) in P, SYM and PRO and thyroxin (T4; µg/dl) in PRO and SYM 
reduced (P ≤ 0.05) as compared with CONT. Triiodothyronine (T3; ng/
ml) concentration (P ≤ 0.05) in P, SYM, PRO; High density lipoprotein-
Cholesterol (HDL-C; mg/dl) and aspartate aminotransferase AST (U/L) 
concentration in P increased (P ≤ 0.05) as compared with CONT. After 
supplementation with P, PRO and SYM decrease in LDL-C, cortisol 
level and increase in HDL-C, and T3 shows an oxidative stress reducing 
and metabolism improving efficacy.

Key Words: protein, probiotic, hormone, liver enzyme, molted layer
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98   On the origin (and evolution) of feral Gallus gallus. Eben 
Gering*1, Dominic Wright3, Martin Johnsson3, Levi Storks4, Thomas 
Getty1, Ricardo Hayashi2, William Muir5, Wesley Warren6, and Hans 
Cheng1, 1Michigan State University, East Lansing, MI, 2UFPR, Curi-
tiba, PR, Brazil, 3Linköping University, Linköping, Sweden, 4Univer-
sity of Missouri, Columbia, MO, 5Purdue University, West Lafayette, 
IN, 6Washington University in St. Louis, Saint Louis, MO.

Domestic animals that escape captivity experience radical changes in 
selection regimens, but their evolutionary responses have not been well 
studied. In this talk, I will present new findings from ongoing studies 
of the origins and recent evolution of feral chickens (Gallus gallus) on 
Pacific and Atlantic islands. Analyses whole genomes and phenotypes 
from 2 feral populations indicate that: 1) Recent admixture between 
domestic breeds and red junglefowl (a wild, conspecific relative) has 
enhanced the genetic and phenotypic variation available to selection 
in feral populations . 2) Feral genomes evince recent adaptation at loci 
that are distinct from previously identified “domestication genes.” 
These candidate “feralisation genes” have important consequences 
for sexual and reproductive traits . 3) Kauai Island’s feral G. gallus 
have transitioned from their ancestral, seasonal breeding pattern to 
year-round reproduction . This may stem from genetic introgression 
from layer breeds, and likely abetted recent population growth . These 
conclusions were reached through a combination of classic and novel 
analytic methods: 1) population history and structure were characterized 
using a genome-wide panel of putatively neutral (SNP) polymorphism 
(via Admixture, STRUCTURE, and mtDNA phylogenies), 2) candidate 
selective sweeps were identified with sliding window scans that locate 
genomic regions of elevated homozygosity and pronounced divergence 
from putative source populations, and 3) reproductive phenology (e .g ., 
breeding seasonality and brood sizes) were extracted from geospatially 
referenced images from our study localities that were uploaded to social 
media by tourists and locals. Taken together, our findings (from both 
genomic data and social media) yield several new insights concerning 
feral population biology. Chiefly, we find that recombination of ancestral 
and artificially selected traits may be advantageous during feralization.

Key Words: variation

99   Transcriptional profiling of keel bone from low calcium 
diet induced osteoporosis hens. Sha Jiang*, Southwest University, 
Chongqing, China.

To identify differentially expressed genes in low calcium diet induced 
osteoporosis laying hens, the 64-birds 60-weeks laying hens were 
randomly divided into 2 groups and fed either a low calcium diet 
(calcium:1 .5%)and a regular diet (calcium:3 .7%) for 60d . At d 60, 10 
randomly chosen birds per group were killed . Serum levels of Ca, P, ALP 
and TRAP were measured using a biochemical analyzer . The strength of 
tibias and femur were measured by 3-point bending test using an uni-
versal testing machine . The keel bones of 3 randomly chosen birds from 
each group were isolated and their mRNA were respectively extracted . 
The transcriptional profiling were analyzed by Illumina Hiseq 2000 
high -throughput RNA sequencing . The results showed low calcium diet 
decreased the serum Ca concentration, ALP and TRAP activity, tibia and 
femur strength of hens (P < 0 .05) . Comparative transcriptome analysis 
revealed that 563 unigenes were differentially expressed between low 
calcium diet fed hens and control hens in keel bone . And 408 unigenes 
were upregulated and 155 were downregulated by low calcium . Gene 

Ontology (GO) enrichment analysis revealed that low calcium signifi-
cantly up or downregulated functions including biological adhesion, 
extracellular structure organization, multicellular organismal process, 
metal ion transport, developmental process, contractile fiber part, col-
lagen trimer, membrane part, extracellular region part, extracellular 
matrix structural constituent and so on . Kyoto Encyclopedia of Genes 
and Genomes enrichment (KEGG) pathway enrichment indicated that 
low calcium diet significantly regulated some pathways including ECM-
receptor interaction, protein digestion and absorption, cardiac muscle 
contraction, oxidative phosphorylation, 2-component system, focal 
adhesion, hedgehog signaling pathway, methane metabolism,pi3k-akt 
signaling pathway, platelet activation, cell adhesion molecules, age-rage 
signaling pathway in diabetic complications, tight junction, fructose 
and mannose metabolism, long-term depression, vitamin digestion and 
absorption, intestinal immune network for IgA production, aminobenzo-
ate degradation and pentose phosphate pathway . These data suggested 
that low calcium diet induced laying hens osteoporosis is associated with 
changes of multiple novel gene expression, biological process, cellular 
component and molecular function and that numerous pathway could 
play important roles in osteoporosis pathogenesis .

Key Words: osteoporosis, transcriptional profiling, keel bone, low 
calcium, hen

100   Consequences of extended photoperiods for poultry gut 
and metabolic health. Anne-Sophie Hieke*, Shawna Peer, and 
Giridhar Athrey, Texas A&M University, College Station, TX.

The gut microbiota—the bacterial flora colonizing the gastrointestinal 
tract—has been shown to be crucial for normal metabolic and immune 
homeostasis, and overall health . Recent studies in mammalian models 
have shown that intestinal dysbiosis and metabolic syndrome are both 
associated with circadian disruption (e .g ., by extended photoperiods) . To 
date, no studies have explicitly studied the consequences of exposure to 
different photoperiods on gut microbiota structure and molecular mark-
ers of health . In the poultry industry, extended photoperiods (deviating 
from 12 to 14 h of light) are the norm, rather than the exception, and 
are likely to have important consequences . In this study, our objective 
was to identify changes in the gut microbial composition in association 
with gene expression of known markers of circadian oscillations . Our 
central hypothesis is that the chicken gut microbiome will show periodic 
oscillations in diversity and function in the control photoperiod treat-
ment (12 h light, 12 h dark), but not in extended light treatments (23 h 
light, 1 h dark) . Hatch-day HyLine brown layer chicks were randomly 
assigned to treatments (n = 50/treatment) and entrained for 3 weeks, in 
each photoperiod, followed by euthanasia, and harvesting of tissues for 
molecular analyses . DNA was extracted from the cecal content using 
the MoBio PowerFecal DNA extraction kit, followed by PCR amplifi-
cation of the V4 region of 16S rRNA gene sequence . Amplicons were 
sequenced on the Illumina MiSeq sequencing platform and analyzed 
using the MOTHUR pipeline and the statistical program R . We quanti-
fied circadian clock gene expression in the brain and ceca after RNA 
isolation, followed by RT-PCR and qPCR . We analyzed rhythmicity 
of gene expression patterns using the JTK_cylce algorithm in R . Our 
analyses show that the gut microbial compositions of chickens raised 
under 12/12 L/D versus 23/1 L/D conditions are significantly different 
and that the analyzed clock genes in the brain and ceca of the chickens 
showed periodic oscillations in the 12/12 L/D condition, but not in the 
23/1 L/D one . Our results show that gut and metabolic health outcomes 
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could be negatively impacted in extended photoperiods . Our next steps 
are focused on global gene expression profiling of various tissues to 
identify molecular signatures of health and disease .

Key Words: gut microbiome, gut health, metabolic health, photope-
riod, circadian

101   Transcriptome analysis reveals inhibitory effects of lento-
genic Newcastle disease virus on cell survival and immune func-
tion in spleen of layer chickens. Jibin Zhang*1, Michael Kaiser1, 
Melissa Deist1, Rodrigo Gallardo2, David Bunn2, Terra Kelly2, Jack 
Dekkers1, Huaijun Zhou2, and Susan Lamont1, 1Iowa State Univer-
sity, Ames, IA, 2University of California Davis, Davis, CA.

Although outbreaks of Newcastle disease (ND) in commercial poultry 
have been reduced by vaccine use, the disease still causes significant 
losses in chickens in rural Africa due to the lack of accessible effective 
vaccine and proper biosecurity . Hy-Line Brown is a commercial layer 
line widely used in Africa . Understanding regulation of gene expres-
sion in response to ND infection in these chickens could be helpful to 
identify potential targets of genetic selection, and thereby improve ND 
resistance through breeding and genomic strategies, which provides a 
promising approach to promote successful poultry production and alle-
viate malnutrition and poverty in these areas . Hy-Line Brown chickens 
were inoculated with a high-titered LaSota strain of ND virus (NDV) 
or saline control through nasal and ocular routes at 21 d of age . Viral 

load in lachrymal fluid was measured at 2 and 6 d post inoculation (dpi). 
Gene expression in spleen was compared between NDV-inoculated and 
time-matched control chickens at both time points by RNA-seq analysis 
(n = 4, each group; 16 total). Viral titer in lachrymal fluid was reduced 
over 20% from 2 to 6 dpi . With a false discovery rate lower than 0 .1, the 
number of differentially expressed genes (DEGs) due to NDV infection 
was much greater at 2 dpi (n = 608) than at 6 dpi (n = 32) . The ATP Bind-
ing Cassette Subfamily C Member 8 (ABCC8), Solute Carrier Family 7 
Member 7 (SLC7A7), Transmembrane Protein 47 (TMEM47), and Fol-
licle Stimulating Hormone Receptor (FSHR) were shared DEGs between 
the 2 time points . Ingenuity Pathway Analysis predicted inhibition of 
multiple pathways that regulate cell survival and inflammation response 
in NDV challenged chickens at 2 dpi, such as death receptor signaling, 
ILK signaling, TNFR2 signaling, IL-8 signaling, CD40 signaling, and 
leukocyte extravasation . One module in weighted gene co-expression 
network analysis (WGCNA) showed a high positive correlation (r = 
0.71) with viral titer in the chickens’ lachrymal fluid, and genes in this 
module showed significant enrichment in gene-ontology terms, includ-
ing structural constituent of ribosome, translational process, and viral 
transcription. The identified DEGs and pathways provide possible targets 
for improving resistance to NDV through breeding or development of 
effective vaccines . Funding: USAID Feed the Future Lab for Genomics 
to Improve Poultry and Hatch project #5357 .

Key Words: RNA-seq, Newcastle Disease, Hy-Line Brown, gene 
expression, immune response
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102   Utility of robust mixed models in describing growth of 
seven strains of chicken using Logistics and Richards growth 
functions. Sunday Peters*1, Michael Ozoje3, and Kadir Kizilkaya2, 
1Berry College, Mount Berry, GA, 2Adnan Menderes University, 
Aydin, Turkey, 3Federal University of Agriculture, Abeokuta, Abeo-
kuta, Ogun State, Nigeria.

Many studies have been carried out to determine the growth pattern of 
chicken by fitting the most common nonlinear growth curve (such as 
Logistic (L) and Richards (R)) functions to the time-body weight infor-
mation . L and R growth models include parameters of the asymptotic 
weight (A), integration constant without biological meaning (B) and the 
maturity index as an expression of the growth rate relative to mature 
weight (K), and the shape parameter defining the position of the point 
of inflection (M) (for Richards only) which have biological meaning. 
The objective of this study is to compare L and R growth models with 
normally (N) and Student’s-t (St) distributed error and with parameters 
(A, B, K and M) assuming to be distributed Multivariate Normal or 
Multivariate Student’s-t, and then to determine the growth characteris-
tics of 7 strains (Naked Neck, Frizzle Feather, Normal Feather, F1-B-
Alpha, Nera Black, White Leghorn, Giri Raja) of chickens raised in hot 
humid tropical environment . The analysis was done using WinBUGS, 
a statistical software for Bayesian analysis using Markov chain Monte 
Carlo methods . Model comparisons were carried out using Deviance 
Information Criteria (DIC) from LN, LSt, RN and RSt . The differences 
between model DIC values for LN, LSt, RN and RSt indicate that RSt 
model with the parameters of A, B, K and M which were Multivari-
ate Normal distributed for chicken growth data . Among the 7 strains 
compared, the Giri Raja strain consistently outperformed the other 6 
strains . Giri Raja strain also had the highest mature weight (A) and the 
shape parameter (M) determining the position of the inflection point 
estimates and lowest rate of maturing estimate (K) for female chickens 
when compared with male chickens . These results demonstrates the 
utility of robust mixed model in growth curves of poultry .

Key Words: robust model, t-distribution, Bayesian inference, Rich-
ards model

103   Application of Bayesian robust mixed models in the 
use of non-linear functions to describe growth of three turkey 
genotypes. Sunday Peters*1, Michael Ozoje2, and Kadir Kizilkaya3, 

1Berry College, Mount Berry, GA, 2Federal University of Agriculture 
Abeokuta, Abeokuta, Ogun State, Nigeria, 3Adnan Menderes Univer-
sity, Aydin, Turkey.

Nonlinear growth models have been previously used to describe growth 
patterns and characteristics in many livestock species by relating 
the body weights of animals to the times of which the body weights 
were taken . Our objectives are to apply and compare Bayesian robust 
approach in the utility of Logistic, Gompertz and Von Bertanlanffy 
nonlinear growth functions by using growth data of local, exotic and 
crossbred turkeys raised in hot humid tropical environment . Logistic, 
Gompertz and Von Bertanlanffy growth models including parameters 
of the asymptotic weight (A), integration constant without biological 
meaning (B) and the maturity index as an expression of the growth rate 
relative to mature weight (K) are assumed to have normally or Student’s 
t-distributed error term . The distributions of growth curve parameters 
(A, B and K) are assumed to be Multivariate Normal or Multivariate 
Student’s t . The analysis was done using WinBUGS which is a statisti-
cal software for Bayesian analysis using Markov chain Monte Carlo 
(MCMC) methods. The better fit model was determined using Deviance 
Information Criteria (DIC) since a DIC difference exceeding 7 was a 
substantial indication of an important difference in model fit. Results 
of the analysis revealed that DIC values were overwhelmingly in favor 
of the nonlinear growth models with Student’s t-distributed error . Also, 
the inference on error degrees of freedom for Logistic, Gompertz and 
Von Bertanlanffy growth models was surprisingly sharp (4 .0, 2 .3 and 
2 .2) with 95% equal-tailed posterior probability interval not exceeding 
0 .5 in width . Conversely, inference on degrees of freedom based on the 
Multivariate Student’s t distributed A, B and K of parameters for Logis-
tic, Gompertz and Von Bertanlanffy growth models indicated wide 95% 
posterior probability interval and posterior means exceeding 50, indicat-
ing stronger evidence of Multivariate Normal distributed parameters of 
A, B and K for growth data . Parameter estimates from growth models 
with Student’s t-distributed error are not identical . Logistic growth 
model resulted in the lowest A and the highest K parameter estimates . 
However, Von Bertanlanffy growth model produced opposite results 
than Logistic growth model and results from Gompertz are between 
those from Logistic and Von Bertalanffy models .

Key Words: robust model, t-distribution, Bayesian inference, growth 
model
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104   Noni (Morinda citrifolia) modulates the expression of 
hepatic lipid metabolism genes in acute and chronic heat stressed 
broilers. Joshua Flees*, Elizabeth Greene, Walter Bottje, and Sami 
Dridi, University of Arkansas, Fayetteville, AR.

Heat stress (HS) is devastating for poultry production from its adverse 
effects on growth performance, body composition, and intermediary 
metabolism . It has been reported that HS alters lipid metabolism (lipo-
genesis and lipolysis) in broilers, however underlying mechanisms are 
not well defined. We aimed to determine the effect of acute and chronic 
HS on the expression of hepatic lipid metabolism genes and protein 
and assess if dried Noni plant, or a known active ingredient of Noni, 
Quercetin (Q), modulates HS effects in vitro and in vivo . Broilers (480 
males, 1 d) were randomly assigned to 12 environmental chambers with 
2 pens per chamber with separate feeders and water lines . Chicks (20 
per pen) were fed a corn-soy based diet (Control) or one containing 2 
g dried Noni plant/kg feed (Noni) and brooded under thermoneutral 
(TN) conditions for 21 d . On d 22, temperature was raised to 35°C 
(HS) in 8 chambers and maintained for 3 wk, after which, birds were 
euthanized and liver samples flash frozen in liquid nitrogen. In vitro, 
immortalized chicken embryo liver cells (CELim) were grown in the 
appropriate medium, then treated with 50 µM of Q and exposed to 4 
h at 45°C . RNA and protein were isolated from tissue and cells . Gene 
and protein expression was determined by real-time quantitative poly-
merase chain reaction and Western Blotting, respectively . Data were 
analyzed by 2-way ANOVA with temperature and diet as the main 
effects . Means were compared by Tukey’s multiple comparison test and 
considered significant at P < 0 .05 . Acute and chronic HS downregu-
lated hepatic lipogenic and lipolytic mRNA and protein expression of 
Fatty Acid Synthase, Acetyl CoA Carboxylase α, Malic Enzyme, ATP 
Citrate Lyase, Lipoprotein Lipase, Adipose Triglyceride Lipase, CD36 
molecule, and Lipase C compared with TN conditions in vivo and in 
vitro . This effect seemed to be independent of lipogenic transcription 
factor Sterol Regulatory Element Binding Proteins 1 and 2 and their 
cleavage regulatory protein (SCAP) . Noni did not elicit any changes 
in gene or protein expression in vivo; however, Q appears to enhance 
lipogenic genes under TN conditions in vitro . Future research should 
be conducted to further elucidate the effects of Q on fat metabolism 
during TN and HS in poultry .

Key Words: heat stress, lipogenesis, lipolysis, noni, quercetin

105   Ets-1 is a target of MAPK signaling in the embryonic 
anterior pituitary gland during glucocorticoid initiation of 
pituitary growth hormone expression. Laura Ellestad*, Monika 
Proszkowiec-Weglarz, and Tom Porter, University of Maryland, Col-
lege Park, MD.

Glucocorticoids play a critical role in functional differentiation of 
somatotrophs, the growth hormone (GH)-producing cells within the 
anterior pituitary gland . In chicken embryonic d 11 (e11) pituitary cells, 
premature induction of growth hormone (GH) resulting from corti-
costerone (CORT) treatment is suppressed by an inhibitor of ERK1/2 
signaling, and CORT stimulates ERK1/2 pathway activity in these cells . 
Along with the glucocorticoid receptor (GR), Ets-1 has recently been 
identified as a transcription factor that may regulate CORT stimulation 
of GH transcription through a glucocorticoid-responsive region in the 
chicken GH promoter . The objective of these experiments was to investi-
gate molecular mechanisms by which ERK1/2 signaling, Ets-1, and GR 
play a role in glucocorticoid initiation of pituitary GH expression during 

embryonic development . A 2-hybrid system assay was conducted in a 
chicken hepatoma cell line (LMH) to investigate whether GR and Ets-1 
interact, and there was no evidence of direct protein-protein interaction 
between the 2 under either basal or CORT-treated conditions (n = 4) . 
To evaluate if ERK1/2 pathway activation leads to phosphorylation of 
Ets-1, LMH cells were transfected with a constitutively active element 
of the ERK1/2 pathway (caMEK1) in the absence and presence of 
Ets-1 . Results indicated that Ets-1 can be directly phosphorylated at 
threonine-38 (pT38) by ERK1/2 pathway activation (P < 0 .05; n = 4) . In 
addition, the level of pT38 in Ets-1 was increased in CORT-treated e11 
anterior pituitary cells in a manner reflecting ERK1/2 activation, with 
an increase at 5, 30, and 90 min and a reduction after longer exposure 
(P < 0 .05; n = 4) . Further, CORT-induced pT38 in Ets-1 in e11 pituitary 
cells was completely blocked in the presence of an ERK1/2 pathway 
inhibitor (n = 2) . We conclude that while direct interaction between GR 
and Ets-1 does not play a role in CORT stimulation of GH, activation 
of ERK1/2 signaling by CORT results in phosphorylation of Ets-1 at 
T38, and this phosphorylation event is necessary for initiation of GH 
expression during cellular differentiation of pituitary somatotrophs in 
the chick embryo .

Key Words: corticosterone, ERK1/2, adenohypophysis, develop-
ment, chicken

106   Localization of cells expressing PepT1 mRNA by in situ 
hybridization in the yolk sac and small intestine in broiler chick-
ens. Haihan Zhang* and Eric Wong, Virginia Tech, Blacksburg, VA.

The yolk sac and small intestine are 2 important organs for nutrient 
absorption in the embryonic and post-hatch chicken, respectively . Epi-
thelial cells that line both the yolk sac and small intestine function as 
absorptive cells for the transport of nutrients through a variety of nutrient 
transporters . The oligopeptide transporter 1 (PepT1) plays an important 
role in transporting di- or tri-peptides and can serve as a marker for 
intestinal absorptive cells . We have used in situ hybridization to identify 
absorptive cells expressing PepT1 mRNA . The objective of this project 
was to profile the distribution of PepT1-expressing absorptive cells in 
the yolk sac from embryonic day (e) 11 to day of hatch (doh) and small 
intestine from e19 to d 7 post-hatch in broilers . Yolk sac and intestinal 
(duodenum, jejunum, ileum) samples were collected from 3 different 
embryos, fixed in buffered formalin, embedded in paraffin and sectioned 
with a microtome. Cells expressing PepT1 mRNA were identified using 
a custom RNAscope probe and detection kits . In the yolk sac, PepT1 
mRNA was localized to the basal side of the endodermal epithelial 
cells . The number of cells staining for PepT1 mRNA was determined 
visually . The greatest number of cells staining for PepT1 mRNA was 
found during the period from e13 to e17 . In the small intestine, PepT1 
mRNA was localized to the epithelial cells lining the villi . The number 
of cells staining for PepT1 was greater posthatch compared with the 
embryonic period . The results from the in situ hybridization analysis 
are consistent with the changes in PepT1 mRNA abundance previously 
analyzed by qPCR . These results show that both the yolk sac and small 
intestine have a population of absorptive epithelial cells that express 
PepT1 mRNA . As the number of absorptive cells in the yolk sac declines 
toward hatch, there is an increase in the number of absorptive cells in 
the small intestine, which reflects the transition of nutrient uptake from 
the yolk to the intestinal lumen .

Key Words: in situ hybridization, PepT1, yolk sac, small intestine, 
broiler
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107   Modulating the turkey host and its microbiome: Host-
microbe interactions following antibiotic and probiotic adminis-
tration. Timothy Johnson*1, Sally Noll1, Kent Reed1, Dan Knights1, 
Mike Kogut2, Ryan Arsenault3, Bonnie Youmans1, Jeanine Brannon1, 
Kristelle Mendoza1, and Tonya Ward1, 1University of Minnesota, St 
Paul, MN, 2USDA-ARS, College Station, TX, 3University of Dela-
ware, Newark, DE.

Until recently, gut health and development in poultry was routinely 
managed through the use of low-dose levels of antibiotics in feed to 
prevent diseases, improve overall flock consistency, and enhance per-
formance . However, worldwide efforts are underway to reduce and/
or eliminate antibiotic use in animal agriculture . The elimination of 
this valuable management tool for use by farmers will leave a critical 
void that needs to be filled. The overarching goals of this work are to 
understand the mechanisms by which bacterial succession occurs in the 
avian gastrointestinal tract in coordination with the host, and to identify 
antibiotic-free ways to modulate the microbiome to prevent disease 
and improve bird performance . Caged performance experiments were 
conducted using turkey poults, with 8 cage replicates per treatment 
group and 10 birds per cage (n = 400) . Treatments included a negative 
control, GroGel carrier control, continuous subtherapeutic bacitracin 
methylenedisalicylate administration (50 g/ton) in feed, commercial 
probiotic (FM-B11) administered daily via GroGel carrier, and experi-
mental 10-strain probiotic derived from turkey gastrointestinal bacteria 
administered daily via GroGel carrier . Tissues from birds were collected 
at d 3, 6, and 13 of age (spleen, ileum, cecum, trachea) and used for 
assessments of villi height and crypt depth, host gene expression via 
RNA-Seq, host signaling pathways via kinomic immune peptide arrays, 
and bacterial and fungal communities via amplicon sequencing . Body 
weights and feed consumption were measured throughout the experi-
ment. Early significant differences were observed in average daily weight 
gain between treatment groups, with turkey-specific probiotic adminis-
tration resulting in the best performance measurements throughout the 
experiment . Both antibiotic and probiotic administration shifted bacterial 
and fungal communities in the gut, with modulations from probiotic 
treatments peaking at d 6 of age and modulations from BMD treatment 
continuing throughout the trial . RNA-Seq revealed the largest effects 
at the gut mucosal level, with BMD administration in feed exerting 
the greatest impact on turkey host gene expression . Correlations were 
identified between specific microbial taxa and treatment type, as well 
as between microbial taxa and host gene expression . Overall, this work 
identifies key mechanistic differences between antibiotic and probiotic 
treatments relative to the host-microbiome continuum .

Key Words: turkey, probiotic, antibiotic, microbiome, alternatives

108   Frequency and persistence of fecal shedding of Salmo-
nella serovars Heidelberg and Typhimurium by experimentally 
infected laying hens housed in enriched colony cages at different 
stocking densities. Richard Gast*3, Rupa Guraya3, Deana Jones3, 
Jean Guard3, Kenneth Anderson2, and Darrin Karcher1, 1Purdue Uni-
versity, West Lafayette, IN, 2North Carolina State University, Raleigh, 
NC, 3USDA-ARS, Athens, GA.

Eggs contaminated with Salmonella Enteritidis are leading sources of 
human salmonellosis, but S . Heidelberg and S . Typhimurium are also 
egg-associated pathogens . The management practices and housing 
facilities characterizing different systems for housing commercial egg 

flocks can influence Salmonella persistence and transmission . Although 
animal welfare aspects of poultry housing have been widely debated, 
the food safety ramifications are not thoroughly understood. The present 
study assessed the effects of 2 different bird stocking densities on the 
frequency and persistence of fecal shedding of strains of S . Heidelberg 
and S . Typhimurium in groups of experimentally infected laying hens 
housed in colony cages enriched with perching and nesting areas . In 
separate trials, groups of laying hens were distributed at 2 stocking densi-
ties (648 and 973 cm2/bird) into enriched colony cages and (along with 
a group housed in conventional cages at 648 cm2/bird) orally inoculated 
with doses of 108 cfu of 2-strain cocktails of either S . Heidelberg or S . 
Typhimurium . At 8 weekly post-inoculation intervals, samples of voided 
feces were collected from beneath each cage and cultured to detect 
Salmonella . Fecal shedding of S . Heidelberg continued for 8 wk in all 
housing groups, but S . Typhimurium shedding ceased after as little as 5 
wk (in enriched cages/low stocking density) . Following S . Heidelberg 
infection, the overall frequency of positive fecal cultures for all sam-
pling dates combined was significantly (P < 0 .05) greater from either 
conventional cages (51 .0%) or enriched cages/high stocking density 
(46 .5%) than from enriched cages/low stocking density (33 .3%) . No 
significant differences in S. Typhimurium fecal isolation were identified 
between housing groups . The overall frequency of S . Heidelberg fecal 
recovery was significantly greater than the corresponding frequency of 
S . Typhimurium recovery from conventional cages (51 .0% vs . 29 .5%), 
enriched cages/high stocking density (46 .5% vs . 25 .3%), and enriched 
cages/low stocking density (33 .0% vs . 22 .2%) . These results demon-
strate that stocking density can affect intestinal colonization and fecal 
shedding in laying hens for some (but not necessarily all) Salmonella 
serovars or strains .

Key Words: Salmonella, laying hens, housing, stocking density, 
fecal shedding

109   Effect of butyrate release location on cecal microbiota 
composition of broilers. Pierre Moquet*1, Chuanlan Tang1, Lonneke 
Onrust2, and René Kwakkel1, 1Wageningen University, Wageningen, 
the Netherlands, 2Faculty of Veterinary Medicine, Gent, Belgium.

An experiment was conducted to investigate the effect of providing 
butyrate (Bt) to distinct gastrointestinal tract (GIT) segments on cecal 
microbiota composition of broilers . It was hypothesized that providing 
Bt to distinct GIT segments would lead to differential effects on cecal 
microbiota composition . A total of 320 male day-old Ross 308 broil-
ers were randomly assigned to 5 dietary treatment groups: (1) control 
(no butyrate), (2) unprotected Bt (main activity in the crop and gastric 
regions), (3) tributyrin (main activity in the small intestine), (4) fat-
coated Bt (main activity in whole GIT) and (5) unprotected Bt combined 
with tributyrin, each replicated 8 times . Bt was included at 1 g/kg, as 
fed basis . At 22–23 d of age, cecal contents of 5 birds per pen were 
collected . Total microbial DNA was extracted, V3-V5 regions of 16S 
rRNA genes were amplified by PCR and sequenced by Illumina HiSeq. 
Microbial profiling analysis was carried out using a bioinformatics 
pipeline. Additional factors that could have influenced cecal microbiota 
composition, such as SCFAs contents along the GIT, apparent ileal 
digestibility coefficients and mean retention time of digesta, were also 
quantified. Microbial diversity indicators were analyzed by GLM and 
contrasts were used to test the butyrate release location effect . Principal 
component analysis (PCA) was used to assess the contribution of dietary 
intervention and other factors to microbiota composition at the phyla 
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level. Butyrate concentration varied significantly across GIT segments, 
indicating that dietary contrasts in Bt release location were successful . 
Elevated butyrate concentration in the crop, proventriculus and gizzard 
were associated with a decreased cecal microbiota richness (Chao1; P 
< 0 .0001) and phylogenetic diversity (P < 0 .0001) . Elevated butyrate 
concentration in the colon and ceca were associated with an increase 
in cecal microbiota richness (Chao1; P < 0 .0016) and phylogenetic 
diversity (P < 0 .0002) . The PCA indicated that butyrate and propionate 
concentration in the crop, proventriculus and gizzard explained 40 .8% 
of the variation in cecal microbiota composition at the phyla level . The 
PCA did not indicate a clear effect of cecal microbiota composition on 
growth performance . This study demonstrates that the effect of butyr-
ate on cecal microbiota is conditioned by the GIT segment wherein the 
molecule is present .

Key Words: butyrate, release location, cecal microbiota, diversity

110   Application of a micro-aerosolized disinfectant system 
to control environmentally deposited poultry pathogens. Jeffrey 
Evans*, Scott Branton, Stephanie Collier, John Brooks, and Joseph 
Purswell, USDA-ARS, Mississippi State, MS.

Disinfectants are widely utilized in the poultry industry to limit encoun-
ters with avian pathogens and zoonotic agents . They are readily applied 
by a variety of means to both equipment and facilities to reduce patho-
genic populations and minimize their associated risk . Further, the role 
of these agents may be of even more importance as the poultry industry 
reduces its reliance on antibiotics . While a variety of disinfectants and 
application means are currently available, the search for more effica-
cious products and technologies continues . Recently, technology has 
been developed which may be applicable to the poultry industry for 
pathogen reduction . The NebuPure disinfecting system utilizes a novel 
micro-aerosol forming dispersal unit to suspend a disinfecting solution in 
enclosed facilities and allows for largely automated decontamination . To 
test the disinfecting system for poultry-related applications, Escherichia 
coli and Salmonella enterica, were applied and dried on glass coupons . 
The coupons were then exposed to the NebuPure microaerosol in a sealed 
chamber and incubated for 1 or 4 h . To test the system against spores 
and viral agents, Bacillus subtilis spores and the MS2 bacteriophage 
was similarly evaluated. Results indicated significant reductions in all 
agents tested and the effect appeared independent length of incubation . 
Recovery of E. coli and S. enterica demonstrated 4-log reductions for 
both agents and at both 1 and 4 h incubations . Further independent of 
incubation time, findings associated with the MS2 bacteriophage and B. 
subtilis spores demonstrated 7-log and 2-log reductions, respectively . 
Findings demonstrate that the NebuPure disinfecting system may be 
applied to reduce pathogen populations and thereby limit encounters 
with avian pathogens and zoonotic agents .

Key Words: disinfectant, poultry sanitation, poultry disease, patho-
gen control, disease control

111   In vitro inhibition of Enterococcus cecorum by probiotic 
Bacillus strains. Alexandra Wealleans*1, Marion Bernardeau1, and 
Marina Cretenet2, 1Danisco Animal Nutrition, DuPont Industrial 
Biosciences, Marlborough, United Kingdom, 2Normandie Universite, 
UNICAEN, Caen, France.

Enterococcal spondylitis, also referred to as “kinky back,” is associated 
with the translocation of Enterococcus cecorum from the intestinal 
tract to the articulating, freely movable thoracic vertebrae . E. cecorum 
pathogenesis is still poorly understood, though it is likely that improved 

bird gut barrier function and reduced gut burden would reduce disease 
incidence . This study aimed to compare the inhibitory potential of 3 
Bacillus strains against 51 clinical E. cecorum isolates . Live cultures 
of Bacillus strains BS8, 15AP4, and BS2084 were centrifuged and 
filter-sterilized (0.2 µm) so as to obtain sterile pH-neutral CFSs. 96-well 
microtiter plates were incubated aerobically at 37°C for 14 h in a FlexSta-
tion 3 coupled with Soft Max Pro software to record absorbance every 
15 min . Results are given as % inhibition, comparing control at OD 
= 0 .4 (pathogen alone) and treated (pathogen incubated with Bacillus 
CFS) . When relevant, delay in growth was calculated as the difference 
in time to reach OD 0 .4 between control and CFS-supplemented wells . 
All assays were conducted in duplicate . Means separation was conducted 
using Tukey’s HSD in JMP 11; differences were considered significant 
at P < 0 .05 . During the assays, untreated E. cecorum strains reached 
OD 0 .4 (exponential phase) after between 8 to 10 h of incubation when 
grown in BHI at 37°C. All strains were capable of significantly inhibit-
ing the growth of Enterococcus cecorum . The most effective strain 
overall was 15AP4, with an average inhibition of 88 .79%; no growth 
of CFS treated strains was observed after 14h for 59% of the strains . 
BS2084 CFS produced an average growth inhibition of 88 .60%, with 
43% of tested E. cecorum strains showing no growth after 14h . BS8 
provided the lowest average inhibition of 84 .99%, with no growth of 
CFS treated strains observed after 14h for only 19% of the E. cecorum 
strains. There was no significant overall difference in inhibition between 
E. cecorum strains from Europe or America (P = 0 .6611), or between 
Bacillus strains (P = 0 .4054) . In conclusion, E. cecorum isolates are 
sensitive to the antimicrobial compounds produced by the Bacillus 
tested, resulting in a lack of growth or delay in growth suggesting that 
Bacillus may be able to delay gut colonization . However, further work 
is required to understand the effect of Bacillus on E. cecorum growth 
and translocation in vivo .

Key Words: Enterococcus cecorum, Bacillus, probiotics, in vitro

112   Effects of dietary eubiotics on Salmonella enteritidis excre-
tion in layer hens. Diana Alvarez3, Claudia Torres3, Leticia Bitten-
court1, and Carlos Lozano*2, 1DSM Nutritional Products Brazil, São 
Paulo, Brazil, 2DSM Nutritional Products Colombia S.A, Bogotá, 
Colombia, 3Universidad Nacional de Colombia, Bogotá, Colombia.

Foodborne infection caused by Salmonella enteritidis (SE) is a major 
concern and has been associated with consumption of contaminated 
poultry products . The demand for reducing antibiotic usage has forced 
the poultry industry to find alternatives of SE control to ensure food 
safety. The objective of this study was to determine the in vivo efficacy of 
a probiotic containing Enterococcus faecium (NCIMB 10415; CYLAC-
TIN ME 20 Plus; CY), a yeast culture plus enzymatically hydrolyzed 
yeast (EHY), and the combination of these 2 products (CY-EHY) on 
SE excretion of layers subjected to an experimental challenge with a 
field strain of SE. A total of 48 Lohman Brown layer hens at 26 weeks 
of age were placed in 16 isolation cages (3 birds each) and randomly 
allocated to 5 treatments with the same basal diet . Treatments were: 
birds not challenged (Negative control; NC); birds challenged (Posi-
tive control; PC); birds challenged and supplemented with CY (17 .5 
ppm; 2x1010 cfu/g); birds challenged and supplemented with YW (500 
ppm); birds challenged and supplemented with CY-YW . Groups PC, 
CY, EHY, and CY-EHY were orally gavaged with 1 mL of 9x107 cfu 
of SE on d 13 of the experiment . The control groups had 2 replicates, 
and the experimental groups 4 replicates each . Microbiological cultures 
were made weekly for SE from individual hen cloacal swabs, fecal 
matter, egg shell membranes and yolk . At the end of 12 wk, birds were 
euthanized and samples of spleen, liver, ovarian follicles, and bone 
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marrow were cultured . Daily egg production per treatment was recorded . 
Percentages of SE positivity were calculated by dividing the number of 
positive samples by the number of total samples . Data were analyzed 
by ANOVA . In comparison to PC, SE positivity was reduced by 92% 
(CY), 79% (EHY), and 78% (CY-EHY) in fecal samples (P < 0 .001); 
by 100% (CY), 86% (EHY), and 84% (CY-EHY) in egg samples (P 
< 0 .0001); by 50% (CY), 40% (EHY), and 50% (CY-EHY) in across 
tissue samples (P < 0 .1) . SE positivity was not detected in NC hens . 
No additive effects were seen between CY and EHY . The inclusion of 
these products effectively reduced SE fecal and egg excretion, as well 
as bird infection . The greatest reduction in SE excretion was found 
in CYLACTIN group followed by the EHY . This results support the 
potential use of eubiotics to reduce SE contamination in eggs of infected 
hens with this pathogen .

Key Words: Salmonella, probiotic, prebiotic, eubiotic, egg

113   In-water supplementation of Trans-cinnamaldehyde nano-
emulsion reduces Campylobacter jejuni colonization in broiler 
chickens. Abhinav Upadhyay*2, Komala Arsi2, Basanta Raj Wagle2, 
Sandip Shrestha2, Indu Upadhyaya2, Kanika Bhargava3, Annie Dono-
ghue1, and Dan Donoghue2, 1ARS, USDA, Fayetteville, AR, 2Univer-
sity of Arkansas, Fayetteville, AR, 3University of Central Oklahoma, 
Edmond, OK.

Campylobacter jejuni is a major foodborne pathogen that causes severe 
gastroenteritis in humans . Chickens act as the reservoir host for C. jejuni, 
wherein the pathogen colonizes the ceca thereby leading to contamina-
tion of the carcass during slaughter . Reducing C. jejuni cecal colonization 
could potentially reduce the risk of human infections . This study investi-
gated the efficacy of in-water supplementation of Trans-cinnamaldehyde 
(TC; generally recognized as safe status compound from Cinnamon 
bark) nanoemulsion in reducing C. jejuni cecal colonization in 14-d-old 
broiler chickens . In addition, the effect of TC on colonization factors 
(motility, attachment to chicken enterocytes) was investigated using a 
motility bioassay and cell culture analysis . In 2 separate trials, day of 
hatch broiler chickens (Cobb 500; 10 birds/treatment/trial) were supple-
mented with TC (normal or nanoemulsion form) in drinking water at 0, 
0 .0625, 0 .125, 0 .25, 0 .5, and 1% level for 14 d . On d 7, the birds were 
challenged with a 4-strain cocktail of C. jejuni (~6 log cfu/bird) by oral 
gavage. On d 14, the birds were sacrificed and C. jejuni colonization in 
cecal contents were quantified by dilution and plating of cecal contents 
on Campylobacter Line agar . In addition, Ethidium monoazide based 
real-time PCR was employed to quantify bacterial viability in cecal 
contents . Data were analyzed using ANOVA with GraphPad ver . 6 . 
Differences between the means were considered significantly different 
at P < 0 .05 . Administration of TC nanoemulsion (Polydispersity index 
< 0 .3; size ~100–200 nm; zeta potential ~-0 .35 mV) in drinking water 
at 0 .25% reduced C. jejuni colonization by ~1 or 2 logs cfu/mL in trial 
1 or trial 2 as compared with respective controls (P < 0 .05) . Follow up 
mechanistic analysis revealed that TC reduced pathogen motility and 
attachment to primary chicken enterocytes (P < 0 .05) . No reduction in 
feed consumption, water intake or body weight gain was observed in 
0 .25% or lower concentration treatments as compared with controls (P 
> 0 .05) . Results suggest that TC nanoemulsion could potentially be used 
to control C. jejuni colonization in broiler chickens . Follow up analysis 
on the effect of TC on cecal microbiome and C. jejuni transcriptome 
and proteome in broiler chickens is currently underway .

Key Words: Campylobacter jejuni, trans-cinnamaldehyde, cecal 
colonization, virulence factors, nanoemulsion

114   In vitro evaluation of the antimicrobial effects of a gram-
negative control solution. Chasity Pender*1, Antonia Tocconi2, 
Attila Kovacs2, and G . Raj Murugesan1, 1Biomin America Inc., San 
Antonio, TX, 2Biomin Holding GmbH, Getzersdorf, Austria.

In modern day poultry production, intestinal contamination with gram-
negative bacteria, such as Salmonella and E. coli, is a significant concern 
for both animal and human health . Through their ability to reduce pH 
and buffering capacity, organic aids have been shown to modulate the 
intestinal microbial balance by reducing the populations of pathogenic 
gram-negative bacteria, while promoting the growth of beneficial bac-
teria . Additionally, research has been done demonstrating that combi-
nations of organic acids offer a broader spectrum of activity compared 
with single organic acid products . The aim of this in vitro study was 
to determine the bactericidal activity of 2 formulations of an enhanced 
acid based product on various Salmonella and E. coli serotypes . Both 
formulations contained cinnamaldehyde and a permeabilizing complex . 
Formulation 1 contained a blend of lactic, propionic, and acetic acids, 
while Formulation 2 contained a blend of propionic and acetic acids . 
Salmonella serotypes included Kentucky, Infantis, Typhimurium, 
Enteritidis, Gallinarum, Pullorum, Senftenberg, Virchow, Hadar, and 
Heidelberg . E. coli serotypes included O111:K58(B4H-), O1:H1, and 
O128:H2 . The antimicrobial effects of the 2 formulations were tested 
at 2 × 10−5 mol. Enrofloxacin was used as a positive control. Formula-
tion 1 demonstrated efficacy against all Salmonella strains tested with 
84 .1–97 .3% growth inhibition, while Formulation 2 displayed higher 
efficacy than Formulation 1 against Salmonella with 95 .1–98 .4% 
growth inhibition . The positive control was effective against all strains 
of Salmonella tested (89–100%) except for S . Typhimurium and S . 
Enteritidis (60 .2% and 60 .1% growth inhibition, respectively) . Similar 
to the results of Salmonella tests, Formulation 2 appeared to be more 
effective against the E. coli strains with 90 .5–98 .3% growth inhibition 
in comparison to Formulation 1 (86.3–94.9% efficacy). The positive 
control was able to inhibit growth of all E. coli strains at 95 .5–100% . 
From these results, it can be concluded that, though both formulations 
displayed strong bactericidal effects, routine application of Formulation 
1 in feed may be an effective means of diminishing Salmonella and E. 
coli populations in poultry .

Key Words: organic acid, cinnamaldehyde, permeabilizing complex, 
Salmonella, E. coli

115   Alquermold natural reduces the ability of Salmonella 
to invade intestinal epithelial cells. Anna Tesouro*1 and Cristina 
Latasa2, 1Biovet, S.A, Constanti, Spain, 2University of Navarra, 
Navarra, Spain.

Alquermold Natural (developed by Biovet, S .A .) is a natural formulation 
with bactericide and fungicide action, used to improve health status and 
reduce intestinal colonization with pathogens . It is based on cimenol 
ring and active against E. coli, S. aureus, Salmonella, Clostridium, and 
most fungal species, proven both in vitro and in vivo in poultry and 
swine. While its antimicrobial activity has been scientifically proven, 
the anti-virulence potential in the gut had never been tested . Hence, we 
designed a study in which the effect of sub inhibitory concentrations of 
the product on the ability of Salmonella to invade intestinal epithelial 
cells was measured (in vivo dose is 400 ppm) . The strain used in this 
study was a wild type S.Enteritidis isolated from a patient diagnosed 
with salmonellosis, deposited in CECT (CECT 7236) . Enterocytes used 
were IPECJ2 cells, cultured with Dulbecco’s modified Eagle medium, 
nutrient mixture F-12 (Ham) (1:1) with GlutaMAX-I (DMEM/F12) 
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supplemented with 20% fetal bovine serum . The experiment consisted 
of exposing confluent enterocyte monolayers to different concentrations 
of the product (0, 50 and 150 ppm) for periods of 30, 60 and 90 min 
(37°C, 5% CO2, 86% relative humidity). Upon such first incubation, 
bacterial suspensions were added . Negative controls were exposed 
to plain culture medium and to medium containing only Alquermold 
Natural . Positive controls were exposed to bacteria only . Intracellular 
bacteria were quantified by plate counting after a treatment with 100 
µg/mL gentamicin for eliminating bacterial cells that had not been 
able to invade the epithelium, and enterocyte lysis . Three independent 
studies were carried out and normality of obtained data were analyzed 

via Kolmogorov-Smirnov/Lilliefor test . After assessing normal distribu-
tion, an ANOVA test was performed followed by tukey’s range test as 
post-hoc analysis . As a result, we found out that exposure to 150 ppm 
Alquermold Natural correlated with a reduced ability of Salmonella to 
invade enterocytes by 34.3%. Such an effect was statistically significant 
when the treatment was applied for 90 min . Results at 90 min were 
1 .93E+05 for no treatment, 1 .88E+05 at 50 ppm, 1 .26E+05 at 150 ppm . 
Main conclusion from this study is that Alquermold Natural is able to sig-
nificantly reduce Salmonella ability to invade intestinal epithelial cells .

Key Words: natural preservative, Salmonella, bactericide, fungicide
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116   Broiler chickens fed a diet with l-methionine improved 
growth performance and gut integrity compared to those fed 
a diet with d-methionine isomer challenged with acute heat 
stress. Samiru Wickramasuriya*1, Eunjoo Kim1, Taeg Kyun Shin1, 
Hyun Min Cho1, Ho Jun Choi2, Jung Un Kim2, and Jung Min Heo1, 
1Chungnam National University, Daejeon, Korea, 2CJ CheilJedang 
Corporation, Seoul, Korea.

A study was conducted to investigate the effect of feed grade l-methi-
onine or d-methionine isomers on growth performance and gut mor-
phology in broiler chickens challenged with acute heat stress . A total 
of 240 1-d-old Ross 308 broiler chicks were randomly allocated into 2 
dietary treatments (i .e ., l-methionine vs . d-methionine isomers) and 2 
environments (i .e ., thermo-neutral control vs . acute heat stress) to give 
6 replicates per treatment with 10 birds per pen . Birds were housed at 
33°C for 5 h to induce acute heat stress on d 14 . Birds were offered an 
experimental diet on an ad libitum basis, regardless of environmen-
tal conditions according to Ross 308 nutrition specification manual 
requirements (Avigen, 2014) . Fresh water was freely accessible at all 
the times . The study lasted for 5 weeks; body weight and feed intake 
were measured on d 7, 14, 21, 28, and 35 . One bird per pen (n = 12) 
was selected and sacrificed for ileal samples collection on d 14, 21 and 
35 . Birds fed a diet with l-methionine improved (P < 0 .05) average 
daily gain and feed conversion ratio compared with those fed a diet 
with d-methionine isomer for the period of 1–3 weeks . Induced acute 
heat stress impaired (P < 0 .05) the daily gain and daily feed intake of 
the broiler at the early stage of rearing (1–3 week) and hindered (P < 
0 .05) its growth performance of overall experiment period (1–5 week) . 
Birds fed a diet with l-methionine had higher villus height (P < 0 .05) 
compared with those fed a diet with d-methionine isomer on d 14 . 
Birds challenged with acute heat stress reduced (P < 0 .05) villus height, 
villus: crypt depth ratio commensurate with increased (P < 0 .05) crypt 
depth compared with birds in thermo-neutral control environment on 
d 21 . The current study, therefore, indicated that birds fed a diet with 
l-methionine improved growth performance along with gut integrity 
compared with those fed a diet with d-methionine isomer where they 
were exposed to acute heat stress .

Key Words: acute heat stress, broiler, d-methionine isomer, gut 
integrity, l-methionine

117   Effects of 1,3-diacylglycerol (DAG) on growth perfor-
mance and carcass characteristics in broilers. Jinquan Wang*1, 
Paula Sedlacek1, Helen Choi2, and Woo Kyun Kim1, 1University of 
Georgia, Athens, GA, 2Kimin, Seoul, Seoul, Korea.

1,3-Diacylglycerol (DAG) is a glyceride consisting of 2 fatty acid chains 
esterified to C-1 and 3 position on a glycerol molecule. DAG is served 
as a fast energy supply for animals . An experiment was conducted to 
evaluate effects of DAG on growth performance and carcass charac-
teristics in broilers . A 2 × 2 factorial design was used in this study with 
2 levels of energy and 2 levels of DAG (0 and 0 .1%) . For the normal 
energy diet, metabolism energy (ME) was formulated to 3000, 3100 
and 3150 kcal/kg for starter (d0–7) grower (d8–21) and finisher periods 
(d22–42), respectively . In the reduced energy diet, ME was reduced by 
75 kcal/kg for each period . A total of 640 one-day old Cobb 500 male 
broilers were randomly placed into 4 treatments with 8 replicates with 20 
birds per floor pen. At d7, 21, 35 and 42, feed intake (FI), body weight 

(BW) and feed conversion ratio (FCR) were recorded . At d43, 8 birds 
from each pen were randomly selected for carcass yield . For the main 
effect, the reduced energy group resulted in a decrease of (P < 0 .05) 
BWG (d0–21, d0–35, d22–35 and d0–42), whereas the supplementation 
of DAG increased (P < 0 .05) BWG (d0–21, d8–21, d0–35 and d0–42) . 
The reduced energy group caused a worse (P < 0 .05) FCR (d22–35, 
d0–35, d0–42) compared with the normal energy group . Supplementa-
tion of DAG into the reduced energy diet presented comparative BWG 
and FCR to the normal energy group during 42d period . The reduced 
energy group decreased (P < 0 .05) hot carcass, pectoralis major, and fat 
weights compared with the normal energy group, whereas DAG supple-
mentation in the reduced energy diet improved cold carcass, pectoralis 
major, wing, and leg weights, similar the levels to the normal energy 
group . In conclusion, reduced dietary energy by 75 kcal/kg energy could 
decrease both performance and carcass characteristics compare with a 
normal energy diet . Supplementation of 0 .1% DAG into reduced energy 
diets could improve both performance and carcass characteristics to a 
normal energy group .

Key Words: 1,3-diacylglycerol, energy, broiler, growth performance, 
carcass characteristics

118   Nutritional evaluation of novel ethanol co-products. Shelby 
Corray*, Carl Parsons, Pamela Utterback, Divya Ramchandran, Vijay 
Singh, and H . Huang, University of Illinois, Urbana, IL.

A series of 48-h precision-fed rooster assays were conducted to deter-
mine TMEn using conventional roosters and/or amino acid digestibility 
using cecectomized roosters for distillers dried grains with solubles 
(DDGS) produced from human food waste at high solids content 
(FWDDGS), DDGS produced from a mutant corn hybrid containing 
increased protein and increased essential amino acids (HPDDGS), and an 
increased-protein ethanol co-product that is produced by a process that 
separates a high concentration protein and yeast fraction from ethanol 
stillage (Still Pro, Fluid Quip Process Technologies, Cedar Rapids, IA) . 
The original raw materials for the FWDDGS contained mainly mashed 
potatoes, sweet corn, and white bread . The results of the rooster assays 
indicated that the digestibility of the amino acids in the FWDDGS was 
similar to typical DDGS (e .g ., 61% for lysine), whereas the TMEn for 
the FWDDGS was higher than for typical DDGS . The DDGS produced 
from the mutant corn hybrid was shown to have a higher protein content 
of 37% compared with DDGS from conventional dry corn which is typi-
cally 30% protein on a dry matter basis . There was a notable difference 
in lysine content between the 2 samples . The HPDDGS was found to 
have 1 .70% Lys versus 1 .09% in conventional DDGS . The digestibility 
of amino acids was similar for the mutant DDGS and conventional 
DDGS . The Still Pro samples were analyzed to contain 51% protein 
on a dry matter basis with 2 .22% Lys, 1 .05% Met, 0 .90% Cys, and 
2 .06% Thr . The digestibility values for these amino acids were 84%, 
92%, 87%, and 86% respectively . The TMEn of the Still Pro samples 
was determined to be 3 .372 kcal/g on a dry matter basis . In conclusion, 
the results of this study indicate that the nutritional value of the 3 novel 
ethanol coproducts is in general superior to the nutritional value of 
conventional or typical DDGS .

Key Words: distillers dried grains with solubles, digestibility, amino 
acids, TMEn, broiler
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119   An evaluation of the effect of choice of reference diets and 
adaptation length on apparent metabolizable energy contents of 
corn and wheat middlings in broiler chickens. Andrew Dunaway* 
and Sunday Adedokun, University of Kentucky, Lexington, KY.

Two studies were conducted to evaluate the effect of length of feeding 
and composition of the reference diets (Exp . 1 -wheat and Exp . 2 - oats) 
on apparent metabolizable energy (AME) and the apparent metabolizable 
energy corrected for nitrogen (AMEn) in 22 d-old male Cobb 500 broil-
ers . Each of the 2 experiments was a complete randomized design with 
6 replicate cages and 6 birds/cage . Birds were allocated to 9 treatments 
consisting of 3 diets based on wheat-SBM (WS, reference diet), corn-
wheat-SBM (CWS), and wheat middlings-wheat-SBM (WWS, Exp . 1) 
or oats-SBM (OS, reference diet), corn-oats-SBM (COS), and wheat 
middling-oats-SBM (WOS, Exp . 2) with 3 lengths of feeding (12, 8, and 
4 d) in a factorial arrangement of treatments (3x3) . A corn-soybean meal 
based diet that met or exceeded energy and nutrient requirements were 
fed for the first 10 d. Excreta samples were collected on d 21 and 22. 
The digestibility of DM, N, and energy for each diet were determined 
while the AME and AMEn of corn and wheat middlings were determined 
using the difference method . The interaction between ingredients type 
and length of feeding for diets and test ingredients (corn and wheat 
middling) were not significant for both Exp. Birds on the WWS-based 
diet had the lowest (P < 0 .05) DM, N, and energy digestibility as well 
as AME and AMEn compared with birds on the WS and CWS-based 
diets (Exp . 1) . In Exp . 2, however, N digestibility in birds on the COS-
based diet was lower (P < 0 .05) compared with birds on the OS-based 
diet . Apparent metabolizable energy and AMEn for corn was higher 
(P < 0 .05) compared with that of wheat middling (Exp . 1) . There was 
no difference in AME and AMEn between corn and wheat middling 
(AME: 3,373 vs . 3,380 kcal/kg; AMEn: 3,215 vs . 3,194 kcal/kg) with 
oats based reference diets . Likewise, the effect of length of feeding on 
AME and AMEn was not significant (Exp. 2). Based on these results, the 
composition of the reference diet could influence the AME and AMEn 
of feed ingredients in 22 d-old broiler chickens .

Key Words: broiler, corn, metabolizable energy, oats, wheat

120   The effects of refined functional carbohydrates (RFCs) 
supplemented to broiler breeders and to broiler progeny on the 
vertical transmission of Salmonella spp. Grayson Walker*1, Sangita 
Jalukar2, and John Brake1, 1North Carolina State University, Raleigh, 
NC, 2Arm and Hammer Animal Health, Princeton, NJ.

Enzymatic hydrolysis of yeast can produce RFCs that have activities 
against gram-negative bacteria. Specifically, Celmanax SCP (Arm and 
Hammer Animal Health, Princeton, NJ) possesses a sugar that inter-
feres with Salmonella attachment to the intestinal lumen and has been 
shown to significantly reduce breeder hen cecal Salmonella carriage . 
Two RFCs dosages (0 or 50 g/MT) during growing and those same 
dosages during laying (24–64 wk) in the diets of Ross 708 and YPM 
broiler breeders were evaluated during an entire growing cycle . Pullets 
and cockerels were reared separately under litter-floor, blackout, and 
enclosed-house conditions until photostimulation at 21 wk of age . The 
birds were then transferred to a separate and biosecure, 2-thirds slat and 
one-third litter, curtain-sided laying facility where they remained until 
64 wk of age . Dietary treatments were randomized among 16 pens of 
64–80 females and 8–18 males, depending on flock age and housing 
type. Hatching eggs were obtained from the flock at 48 wk of age and 
a flock of broiler progeny were reared until 48 d of age. Half of these 
were continuously fed RFCs at 50 g/MT while the other half remained 
as untreated controls . A 35 d analysis of litter in each pen revealed that 
14 .6% of control-fed pens were Salmonella positive while Salmonella 

were not detected in pens fed the RFCs diet (P ≤ 0.01). Breeder parents 
and their respective pen surfaces were then analyzed for Salmonella 
presence at 64 wk . It was determined that there was a pen fed RFCs 
during growing and laying that was positive, and this was attributed to 
a fogger system that was wetting feed . These data demonstrated that 
RFCs were unable to completely eliminate Salmonella in harsh broiler 
breeder housing environments but were able to significantly reduce 
Salmonella when supplemented in broiler progeny diets despite their 
parents being positive .

Key Words: refined functional carbohydrates, broiler breeder, Salmo-
nella, transmission

121   Effects of various levels of synthetic arginine supplemen-
tation on growth response and body composition in broilers. 
Fernanda Castro*1, Jung Un Kim2, Eunji Koo2, Ho Jun Choi2, Jeanna 
Wilson1, and Woo Kyun Kim1, 1University of Georgia, Athens, 
GA, 2CJ Corporation, Seoul, Korea.

Several studies have shown that arginine can influence positively 
performance traits . The aim of the study was to evaluate the effects of 
crystalline arginine on performance and body composition in male broil-
ers . A total of 600 one-day-old Ross 308 broiler chicks were allocated 
in floor pens and distributed in a completely randomized design, with 
5 treatments, 6 repetitions and 20 birds per pen . The treatments were 
given as a percentage of the Ross 308 requirement, and defined as T1 
= 70% of Arg (basal diet; 74% Arg:Lys ratio); T2 = 80% of Arg (85% 
Arg:Lys ratio); T3 = 90% of Arg (95% Arg:Lys ratio); T4 = 100% of Arg 
(Ross 308 requirement; 106% Arg:Lys ratio); T5 = 110% of Arg (116% 
Arg:Lys ratio) . The diets were based on corn/soybean meal and divided 
for starter (1–10d), grower (11–24d) and finisher (25–42d) periods. Body 
weight gain (BWG), feed intake (FI) and feed conversion ratio (FCR) 
were measured at 10, 24 and 42 d of age . Bone growth was measured 
from d 7 to 11 using Mineral Aposition Technique (MAR) with calcein 
injection . At 21 and 42 d, whole body scan was performed at one bird 
per pen to measure bone mineral density (BMD), bone mineral content 
(BMC) and body composition . The means were subjected to ANOVA 
and, when significant (P ≤ 0.05), means were compared by Duncan 
test . Regression analyses were performed to evaluate trends of Arg 
dose response . Considering the overall period, for BWG the treatments 
T3, T4 and T5 were statistically similar and had higher values than T2, 
which in turn had higher value than T1 (P < 0 .0001) . BWG showed a 
quadratic trend (P < 0 .0001; R2 = 0 .8773) . T1 had the lowest FI and 
worst FCR, and T2, T3, T4 and T5 had similar results, (P = 0 .0088 
and P = < 0 .0001, respectively) . FCR showed a quadratic trend (P = 
0 .0002; R2 = 0 .6543) . The treatments did not differ for MAR . At 42 d, 
T4 and T5 had significantly higher BMD than T1 (P = 0 .0374) . T1 had 
significantly lower BMC and lean muscle weight compared with the 
other treatments . (P = 0 .0223 and 0 .0044, respectively) . Lean muscle 
showed quadratic response (P = 0 .0463, R2 = 0 .4311) . In conclusion, 
the levels recommended by Ross 308 guideline (T4; 106% Arg:Lys 
ratio) are suitable to ensure good performance results, and the use of 
70% of the requirement (T1; 77% Arg:Lys ratio) resulted in decrease in 
performance traits, BMD, BMC and lean muscle weight .

Key Words: arginine, broiler

122   Further evaluation of a slope-ratio precision-fed rooster 
assay for relative metabolizable energy values for fats and oils. 
Patrick von Schaumburg*, Carl Parsons, and Pamela Utterback, Uni-
versity of Illinois Urbana-Champaign, Urbana, IL.
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Several slope-ratio precision-fed rooster assays were conducted with 
several different fats/oils and different dietary levels of the added fats/
oils to determine relative metabolizable energy values . The fat sources 
that were evaluated were 2 acid oils (AO), 2 palm oils (PO), crude 
corn oil, crude soybean oil, poultry fat, tallow, and choice white grease 
(CWG) . In most of the rooster assays, birds were precision-fed 0, 5, 
or 10% of the fats as part of a ground corn diet . In some assays, levels 
of 15 and 20% fat were also included . Multiple regression slope-ratio 
analysis of TMEn regressed on dietary fat level was used to estimate 
relative bioavailability values (RBV), where refined corn oil was used 
as the reference fat source in all assays (set at 100%) . The results of the 
rooster assays indicated that the RBV for the AOs, crude corn oil, crude 
soybean oil, poultry fat and CWG did not differ significantly from 100%. 
However, the RBV of the POs and tallow were significantly less than 
100% (P < 0 .05) . It was also observed that the differences among fat 
sources were often greater at the higher inclusion levels . In addition to 
the rooster assays, a chick growth assay was conducted using Ross 308 
broilers wherein the chicks were limit-fed to 70% of their daily intake 
from Day 11-Day 20 of age . The chick basal diet was supplemented 
with extra amino acids, vitamins, and minerals to ensure that energy 
intake was the limiting factor for growth . Four different lipid sources 
were tested at 2 inclusion levels of 5 and 10% . The test lipids consisted 
of PO, CWG, and an AO. Refined corn oil was again used as the refer-
ence source . Multiple regression slope-ratio analysis of body weight 
gain regressed on dietary fat level indicated that the RBV of PO and 
CWG were significantly less than 100% (P < 0 .05) whereas the RBV 
of the acid oil was not significantly different from 100%. In conclusion, 
the precision-fed slope-ratio rooster assay was successful in detecting 
differences among the test lipids . In general, the rooster results agreed 
well with the results obtained in the chick growth assay . Using higher 
inclusion rates of 15 or 20% of the fats may increase the sensitivity of 
the rooster assay in detecting differences among lipid sources .

Key Words: relative bioavailability, oils, fats, precision-fed, growth 
assay

123   Effects of different levels of in ovo-injected vitamin D 
sources on the hatchability and serum 25-hydroxycholecalciferol 
concentrations of Ross 708 broilers. Saman Fatemi*1, Katie Elaine 
Collins1, Oluwaseun Durojaye1, Haijun Zhang1, Bradley Turner2, 
and E . Peebles1, 1Mississippi State University, Mississippi State, 
MS, 2DSM Nutritional Products, Parsippany, NJ.

Vitamin D is important for optimized growth and immunity . However, 
effects of the in ovo injection of different vitamin D sources on broiler 
chick hatchability is less well understood . Therefore, the objective of 
this study was to investigate the effects of in ovo-injected vitamin D3 
(D3) and 25-hydroxycholecalciferol (25OHD3) on broiler hatchability, 
chick quality, and serum 25OHD3 concentrations . A total of 4,320 eggs 
from 35 wk-old commercial Ross 708 broilers were incubated . Eleven 
treatments were represented on each of 2 incubator tray levels (blocks) 
with 8 replicates (45 eggs) per treatment . The following treatments 
were: 1) non-injected; 2) diluent; diluent containing 3) 0.6 μg D3, 4) 
0.6 μg 25OHD3, 5) 0.6 μg D3 + 0.6 μg 25OHD3, 6) 1.2 μg D3, 7) 1 .2 
μg 25OHD3, 8) 1.2 μg D3 + 1.2 μg 25OHD3, 9) 2.4 μg D3, 10) 2.4 μg 
25OHD3, and 11) 2.4 μg D3 + 2.4 μg 25OHD3 . At 426 h of incubation 
(hoi), 50μL prepared solutions were injected. Blood samples were 
collected at 468 hoi for serum 25OHD3 analysis and hatchability was 
determined at 492 and 516 hoi . At 516 hoi, yolk-free BW, weights of 
the liver, and yolk sac were obtained . yolk sac and liver weights as 
percentage of BW were calculated . Hatchability did not differ between 
treatments at both 492 (P = 0 .391) and 516 (P = 0 .495) hoi . Across the 

treatment, hatchability at 492 and 516 hoi were 87% and 95% respec-
tively. No significant treatment differences were observed for liver, 
yolk sac, yolk-free BW, and relative liver and yolk sac weights . Serum 
25OHD3 levels were significantly elevated (P < 0 .001) for any treat-
ments containing 25OHD3 or vitamin D3 above 1.2 μg/egg as compared 
with non-injected, diluent, and vitamin D3 at 0.6 μg/egg. These results 
indicate that levels of either vitamin D source (above 1.2 μg/egg) had 
no negative effects on broiler hatchability or chick quality . In addition 
to this, in ovo injection of vitamin D sources at 1.2 μg/egg or higher 
resulted in increased serum 25OHD3 relative to non-injected control, 
which could lead to improved broiler performance .

Key Words: in ovo injection, commercial diluent, hatchability, vita-
min D3, 25-hydroxycholecalciferol

124   Determination of phosphorus digestibility/retention using 
different types of balance assays. John Munoz*, Christina Hanna, 
Pamela Utterback, and Carl Parsons, University of Illinois, Urbana, 
IL.

Several experiments were conducted to determine ileal phosphorus 
digestibility and excreta phosphorus retention values using a 48-h 
precision-fed rooster assay, a 6-h precision-fed chick ileal digestibility 
assay, and 2 different types of ad libitum-fed chick assays. The first 
precision-fed rooster assay involved feeding 20 g of corn plus increasing 
amounts of potassium phosphate (0 .088 – 1 .32 g) or feeding increasing 
amounts of plasma protein (5 – 20 g) . The results indicated that excreta 
phosphorus retention values decreased when non-phytate phosphorus 
intakes exceeded 75 mg and that excreta phosphorus retention values 
for plasma protein were very high . The second precision- fed rooster 
assay involved determining excreta phosphorus retention for roosters 
fed 8, 16, or 24 g of canola meal . The results indicated that the mean 
phosphorus excreta retention value for the canola meal was 29% . A 
subsequent precision-fed chick assay indicated that the mean ileal 
phosphorus digestibility was 44% when determined in 21-d old chicks 
tube-fed 6 or 9 g of the canola meal. The first ad libitum-fed chick assay 
involved feeding a cornstarch-dextrose diet containing the canola meal 
as the only source of dietary phosphorus with increasing amounts of 
phytase (125 and 250 FTU/kg) . Results indicated that phytase increased 
ileal phosphorus digestibility in the canola meal from 38 to 48% and 
increased excreta phosphorus retention from 39 to 51% at 21 d of age 
(P < 0 .05) . The second ad libitum- fed chick assay involved 8 diets (4x2 
factorial) that contained 13 .5, 27 .0, 40 .5, or 54 .0% canola meal as the 
only phosphorus source, with 2 calcium:non-phytate phosphorus ratios 
of 1 .5:1 or 6:1 . The results indicated that 21-d ileal phosphorus digest-
ibility values varied among dietary canola meal levels and the increased 
calcium:non-phytate phosphorus ratio of 6:1 greatly decreased ileal 
phosphorus digestibility values when compared with the 1 .5:1 ratio (P 
< 0 .05) . The results of this study indicated that ileal phosphorus digest-
ibility and excreta phosphorus retention values varied among type of 
assays and that the precision-fed rooster assay may be useful for deter-
mining excreta phosphorus retention values if non-phytate phosphorus 
intakes are maintained at a low level of approximately 75 mg or less .

Key Words: ileal phosphorus digestibility, excreta phosphorus reten-
tion, canola meal, plasma protein, poultry

125   Effect of high concentrations of dietary vitamin D3 on 
skeleton health, egg shell quality and yolk vitamin D3 content 
when fed to W-36 laying hens over the pullet, early and peak 
egg production. Jinlei Wen*1, Kimberly Livignston2, and Michael 
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Persia1, 1Virginia Tech, Blacksburg, VA, 2North Carolina State Uni-
versity, Raleigh, NC.

In recent years, increased dietary vitamin D3 (VD3) have been fed in 
layer rations to improve skeleton health and egg shell quality resulting 
in an increased Vitamin D3 concentration in the egg . The purpose of 
this experiment was to verify the impact of different concentrations of 
dietary Vitamin D3 on egg production, hen performance, bone mineral 
density (BMD) and egg shell quality from day of hatch until 38 weeks 
of age . In total, 360 Hy-line W-36 d old pullets were randomly allo-
cated to 5 treatments with various numbers of replications over time 
as chicks increased body weight and were moved to less density . At 17 
weeks of age, pullets were assigned into a multi-teared A-frame cage 
system resulting in 5 treatments with 12 replicates of 6 birds in each 
experiment unit . Control treatment received diet containing 1475 IU 
Vitamin D3/kg diet (CON) . The treatment diets were generated by the 
addition of 6,667, 16,667, 33,333 and 66,667 IU of VD3/kg diet on top 
of the control diet resulting in 4 experimental diets respectively . Hens 
were provided approximate 95g/h/d feed during productive phase . All 
data were analyzed using ANOVA and means were separated either by 
Tukey’s adjustment for repeated measures or by Fisher’s LSD test for 
single measurements (α = 0.05). In pullet phase, no significant differ-
ences were observed on feed intake among treatments . Body weight of 
the 66,667 VD3 fed birds was significantly reduced in comparison to 
the other treatments (P ≤ 0.01) at 17 weeks of age but recovered after 
21 weeks of age. Pullets fed 33,333 VD3 diet showed a significantly 
higher BMD than those fed CON diet at 17 weeks of age . Over the 
productive phase, body weight of birds from CON was lower at 33 and 
37 weeks of age (P ≤ 0.05); however, HHEP (94.9%) and egg weight 
(55 .6g) showed no differences among treatments . Egg breaking strength 
of 6,667 VD3 was significantly higher than CON and 16,667 VD3 
treated birds. Specific gravity (SG) of eggs from CON was lower than 
the experimental treatments (P ≤ 0.01). Eggs from 33,333 and 66,667 
VD3 fed birds resulted in higher SG than CON and 16,667 VD3 fed 
birds (P ≤ 0.05). In conclusion, evidence suggested that high doses 
dietary Vitamin D3 is able to improve or at least not reduce pullet bone 
health and egg shell quality during peak production .

Key Words: laying hen, vitamin D3, bone mineral density, specific 
gravity, egg breaking strength

126   Comparison of Narasin and bioshuttle programs with dif-
ferent environmental temperatures in commercial broilers. Jarred 
Oxford*1, Jaime Ruiz2, Melissa Landrum1, and Gene Pesti1, 1The 
University of Georgia, Athens, GA, 2Elanco Animal Health, McKin-
ney, TX.

There is little data available on the efficacy of coccidial bioshuttle pro-
grams (vaccine followed by coccidiostat) . The objective of this study 
was to compare different bioshuttle programs on commercial broilers at 
standard or warm environmental temperatures (T) . The trial was set up 
in a 2 × 6 factorial arrangement with 2 environmental T and 6 bioshuttle 
programs; T1- coccidiosis vaccine (COV) at d of hatch and no dietary 
coccidiostat; T2- COV with dietary Avilamycin (AV) 0–21 d; T3- COV, 
AV (0–21 d), and Narasin (NAR) 22–41 d; T4- no COV and NAR from 
0 to 41 d; T5- COV, AV (0–21 d), and Salinomycin (SAL) 22–41 d; T6- 
COV, AV(0–21 d), and Monensin (MON) 22–41 d . Day-old male chicks 
were distributed into 96 pens, allowing 8 pens, of 20 birds, per treatment 
(6 treatments) . The study evaluated 2 T: standard (breeder guidelines) 
and warm (3°C warmer after 6 d) . Data were analyzed using split plot 
and one-way analyses . At 14, 28, 42, and 49 d, body weight (BW) and 
feed conversion ratio (FCR) were measured . On 28 d, 1 bird per pen 
was scored for E. acervulina and E. tenella gross lesions, along with E. 

maxima micro scores. Significant (P = 0 .0013) effects were observed on 
E. maxima micro scores with the warm treatment group having lower 
scores (0 .0, 0 .208) . Treatments that received AV on average had lower E . 
acervulina scores compared with groups that did not receive AV (0 .219 
vs. 0.376). Throughout the study, significant effects were seen on BW 
(P < 0 .0001) and FCR (P < 0 .03) and mortality after 13 d (P < 0 .007) 
based on T treatment . On average, the treatment T4 had less mortality 
compared with other treatment groups . T5 birds had the lowest FCR at 
13 and 21d (1.152 ± 0.013, 1.265 ± 0.011). T4 showed significantly (P 
< 0 .05) better FCR than T1 (1 .881), T2 (1 .884), and T6 (1 .861) . The 
treatment T4 had significantly (P < 0 .05) lower striping scores than T1 
(1 .88, 2 .38) . Results show that the use of a coccidial vaccine leads to 
a higher incidence of white striping (2 .38, 2 .00), although the can be 
minimalized using AV in the starter and grower diets . Mortality rates are 
lower in birds that received NAR compared with the other coccidiostats . 
Significant results (P < 0 .05) relating to T were found on all parameters 
except mortality 0–13 d, E . acervulinum, E . tenella, and woody breast .

Key Words: coccidiosis, bioshuttle, Narasin, temperature, white 
striping

127   Effects of a commercial β-mannanase product on live 
performance and intestinal morphology in Pekin ducks. Jungwoo 
Park*, Raghad Abdaljaleel, Micky Clary, John Padgett, and John 
Carey, Texas A&M University, College Station, TX.

Two identical experiments were performed to investigate the optimum 
level of a commercial β-mannanase product (CTCzyme, CTC Bio Inc., 
Seoul, Korea) in broiler duck diets. β-mannanase breaks the β-mannan 
backbone chains in corn and soybean meal and lessens the impact of 
β-mannan on host live performance. Although β-mannanase is widely 
used for other poultry, to our knowledge β-mannanase use in ducks 
has not been reported previously . A total of 200 mixed-sex day-old 
ducklings were fed one of 5 dietary treatments, 0% (CON), and 0 .01% 
(T01), 0.05% (T05), 0.10% (T10) and 0.20% (T20) of β-mannanase 
product in corn-soy based diets . Ducklings were randomly housed in 4 
battery cages with 10 cage units per battery, 5 ducks per cage unit and 
8 replicates (40 ducks per treatment) . Ducks were fed pelleted starter 
(d1-d13) and grower (d14-d21) diets . Live performance data were evalu-
ated at d7, 14, and 21 . Productivity index was calculated by following 
formula: {[(liveability × body weight) ÷ age] ÷ feed conversion ratio} 
× 100 . Jejunum and ileum samples were collected at d21 to evaluate 
length, weight, and indices . Data from both experiments were subjected 
to a single One-way ANOVA for completely randomized block design 
using the Standard Least Squares procedure of JMP . Means were deemed 
significantly different at P ≤ 0.05 and separated using the Least Squares 
Mean Differences Student’s t-test. All β-mannanase treated groups had 
significantly higher body weight than CON at d14 (P ≤ 0.0001) and d21 
(P ≤ 0.0008). All β-mannanase treated groups had significantly better 
d14 body weight gain than CON (P ≤ 0.0001). T05, T10, and T20 had 
significantly greater d21 body weight gain than CON (P ≤ 0.0077). All 
β-mannanase treated groups had significantly better feed conversion ratio 
than CON at d7 (P ≤ 0.0001), d14 (P ≤ 0.0001), and d21 (P ≤ 0.0002). 
All β-mannanase treated groups had significantly better productivity 
index at d7 (P ≤ 0.0006), d14 (P ≤ 0.0001), and d21 (P ≤ 0.0003). No 
significant differences in jejunum length and weight and ileum weight 
were observed. All β-mannanase treated groups had significantly longer 
ileum than CON (P ≤ 0.0052). No significant differences in organ indices 
were observed. These data demonstrate 0.01% - 0.20% of β-mannanase 
in duck diets is beneficial regarding live performance and gut morphol-
ogy of Pekin ducks .
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Key Words: β-mannanase, CTCzyme, Pekin duck nutrition, live 
production, gut morphology

128   Formulation and feed manufacturing factors that affect 
xylanase activity loss during thermal processing. J . T . Pope*, 
John Brake, and Adam Fahrenholz, North Carolina State University, 
Raleigh, NC.

Three trials were conducted to investigate the effect of mixer-added 
fat (MAF) concentration, MAF source, and pellet mill die length-to-
diameter ratio (L:D) on xylanase survivability throughout the pelleting 
process . For all 3 trials, 227 kg batches were pelleted after conditioning 
for 30 s at 83°C . Samples to be analyzed for xylanase activity were 
collected at one minute intervals during the pelleting run and included 
unconditioned mash, conditioned mash, and pellets. The first trial inves-
tigated the effect of 1, 3, and 5% MAF on xylanase recovery . It was 
determined that increased levels of MAF resulted in improved xylanase 
recovery in pellets relative to conditioned mash (P < 0 .01) . The second 
trial investigated the effect of MAF source, which included canola oil, 
poultry fat, and coconut oil, on xylanase recovery . The fats were chosen 
based on their wide range in degree of saturation with canola oil, poultry 
fat, and coconut oil being 7, 31, and 92% saturated, respectively . It was 
determined that diets containing poultry fat and coconut oil resulted in 
improved recovery of xylanase in pellets relative to conditioned mash 
(P < 0 .01) . The third trial investigated the effect of pellet mill die L:D, 
which included pellet mill dies with a L:D of 6, 8, and 10, on xylanase 
recovery . It was determined that pellet mill die L:D and xylanase 
recovery in pellets relative to conditioned mash were inversely related 
(P < 0 .01) . As the pellet mill die L:D increased, xylanase recovery in 
pellets relative to conditioned mash decreased . In conclusion, mash 
conditioning temperature and conditioner retention time were not the 
only factors that affected enzyme stability during thermal processing . 
Diet formulation and feed manufacturing equipment should also be 
considered when optimization of enzyme recovery is desired .

Key Words: xylanase, pelleting, mixer-added fat, fat source, pellet 
mill die

129   Effect of different levels of sorghum inclusion and the 
addition of a serine protease on live performance of broilers from 
1 to 35 days of age. Albaraa Sarsour*1, Hernan Cordova-Noboa1, 
Edgar Oviedo-Rondón1, Pedro Ferzola1, and Nasser Odetallah2, 
1North Carolina State University, Raleigh, NC, 2Novus International, 
St. Charles, MO.

Sorghum can be utilized to replace corn in areas where corn is not 
readily available . Serine protease has been proposed to improve the 
digestibility of sorghum because it could degrade disulfide bonds of 
kafirin proteins. One experiment was conducted to evaluate the effects 
of sorghum inclusion level and the addition of a serine protease on 
chicken live performance from 1 to 35 d of age . Eight treatments from 
a 4x2 factorial arrangement with 4 inclusion levels of sorghum (0, 25, 
50, and 100% replacement of corn) and presence or absence of protease 
(0 or 500 g/ton for 600,000 U/g), as main factors . A total of 1,280 Ross 
708 d-old male chicks were placed in 64 pens with 20 chicks per pen 
raised on used litter . Group BW and feed intake (FI) were recorded at 
0, 14, and 35 d . BW gain and FCR corrected by mortality BW weights 
were calculated at the end of each phase . Data were analyzed as a ran-
domized complete block design with a 4x2 factorial arrangement with 
8 replicates per treatment combination . There was an effect of sorghum 
level (P < 0 .05) on BW at 35 d . The heaviest broilers were associated 
with the treatments that were fed 100% corn diets which were not dif-
ferent from 25 and 50% sorghum, but were heavier (P < 0 .05) than the 
ones fed 100% sorghum diets . Similar effect (P < 0 .05) was observed 
on BW gain from 14 to 35 d, and BW and FI from 1 to 35 d . There was 
a 2-way interaction effect (P < 0 .05) observed on FI for sorghum level 
and enzyme . Broilers fed diets with 100% sorghum without the addition 
of a protease consumed less (P < 0 .05) feed than the same diet with the 
addition of protease . Protease improved FCR in the starter from 1 to 
14 d only in diets with 100% corn . This positive effect of protease (P < 
0 .05) on FCR was detected again from 14 to 35 and 1 to 35 d of age in 
diets with 100% corn . It was concluded that corn can be replaced with 
up to 50% sorghum and that the addition of a protease could improve 
FCR of broilers fed corn diets and FI in 100% sorghum diets .

Key Words: sorghum level, serine protease, broiler performance
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130   Long-term effects of continuous supplementation with 
probiotics on production parameters in chicken pullets and 
laying hens. Pablo Lopera*1, Javier Sanchez2, Julian Reyes2, and 
Juan Rodriguez-Lecompte2, 1Avicola Nacional S.A, Medellin, Antio-
quia, Colombia, 2University of Prince Edward Island, Charlottetown, 
Prince Edward Island, Canada.

A study was conducted to evaluate the long-term effects of a probiotic 
blend of lactic acid bacteria and Bacillus subtilis on the performance of 
pullets and layer hens . Average feed intake, body weight, feed conver-
sion, mortality, percentage of egg production and numbers of egg per 
bird were recorded during the 80 production weeks of 24,582 Hy-Line 
Brown chickens . Methods: The birds were randomly allocated into 2 
groups of 14,076 birds (Control) and 10,506 birds (Probiotic) and the 
experiment was evaluated during 2 periods: day old to 18 wks (Pullets) 
and from 19 wks to 80 wks (layers) . The probiotics was administrated 
orally for 7 consecutive days at wk 1, 4, 7, 10, 13, 17, and 20; feed and 
water were available ad libitum . Performance data were recorded for 
the parameters of interest . Linear regression models accounting for the 
repeated measures (weeks) were used . Results showed that probiotics 
administration to hens during rearing period did not affect performance 
outcomes; however, there was 0 .77% less mortality in the probiotics 
group (P < 0 .001) . In production, the probiotic group had a 40% lower 
weekly mortality (P < 0 .001) than the control group; percentage of peak 
was 97 .71% in comparison with 93 .86% from the control group (3 .85% 
more) and 7 d less to reach 50% production from hatch . Birds in the 
probiotics group had significantly (P < 0 .001) better egg production, 
reflecting more hen-day and hen house eggs (28.4), on average, than 
the control group during the 60 weeks of production . Moreover, the 
probiotic group had significant (P < 0 .001) better-feed intake conver-
sion associated with an improved feed consumption per dozen eggs 
(110g less) . Birds in the probiotic group also had improved egg quality 
with a percentage of cracked and dirty eggs of 0 .11% and 0 .72% less 
compared with the control group . Conclusion: Although probiotics did 
not have a profound effect on pullets’ performance, the treatment with 
a blend of bacterial probiotic in layers improved long-term effects for 
most of the outcome variables studied, impacting economically the 
overall performance of the flock and improving health status in chickens.

Key Words: performance, probiotics, mortality, eggs, health

131   The effect of sampling method, marker type, drying meth-
ods and temperature on apparent ileal amino acid digestibility in 
21-d-old broilers. Opeyemi Olojede*1, Michael Ford1, Jacqueline 
Jacob1, Tuoying Ao2, Anthony Pescatore1, and Sunday Adedokun1, 
1University of Kentucky, Lexington, KY, 2Alltech Inc., Nicholasville, 
KY.

Drying of ileal digesta is required before conducting digestibility assays . 
For accurate estimations of nutrient digestibility, an ideal drying method 
is required to preserve the quality of the digesta . A standard corn-SBM 
broiler starter diet was fed from d 0 to 10 after which birds were placed 
on the experimental diet on d 10 . All birds had ad libitum access to the 
experimental diet until d 21 . One hundred and 68 male Cobb 500 broiler 
chicks were used to evaluate the effect of 2 drying methods (freeze-dryer 
vs . forced air-oven) and 2 drying temperatures (40°C vs . 55°C) on ileal 
DM, N, and amino acid (AA) digestibility (Expt 1) while 96 chicks were 
used to evaluate the effect of flushing and squeezing as well as marker 
types on apparent ileal DM . N, Ca, P, and AA digestibility . There were 

7 (Expt 1) or 8 (Expt 2) replicates cages per treatment with 6 birds/
cage . Digesta from the distal 2/3rd of the ileum were obtained from 
birds following euthanasia on d 21 by squeezing (Expt 1) or squeezing 
or flushing (Expt 2). Samples collected were stored at −20°C until they 
were either freeze-dried (FD) or oven-dried (OD) at 40°C or 55°C . There 
were no interactions between the drying methods and drying tempera-
tures (Expt 1) on apparent ileal DM, N, and AA digestibility . Methionine 
had the highest digestibility (92 .3%) while Cys had the lowest (73 .7%) 
digestibility value . The mean values for the FD were numerically lower 
than OD for all variables that were evaluated (83 .4% vs . 83 .7% AA) . 
In Expt 2, the effect of sampling methods (flushing vs. squeezing) and 
marker types (titanium vs . chromium) on apparent ileal DM, N, Ca, P, 
and AA digestibility were evaluated . There was no interaction between 
sampling methods and marker types . The effect of sampling methods 
was not significant except for Arg and Met where squeezing resulted in 
higher (P < 0 .05) digestibility values . Furthermore, apparent ileal His, 
Ile, Cys, Ser, and Tyr digestibility showed tendencies to be higher (P < 
0 .1) in squeezed digesta . Results from these studies showed that ileal 
digesta (squeezed) samples could be FD or OD without any negative 
effect on digesta’s AA contents; however, flushing has the tendency to 
decrease apparent ileal AA digestibility values .

Key Words: ileal amino acid digestibility, drying, digesta sampling, 
broiler

132   Comparative effects of high fiber diets on gastrointestinal 
and liver weights in Lohman Select Leghorn and Shavers Heri-
tage hens. Alisha Wornath Van Humbeck*, Mohamed Neijat, and 
Elijah Kiarie, University of Guelph, Guelph, ON, Canada.

Advances in genetics have produced hens with capability for greater 
performance with minimal feed input . The diets have also evolved such 
that the composition, ingredients choices and processing are refined to 
improve intake and efficiency. The implications of these strategies are 
diets with low fiber and overall structure potentiating negative con-
sequences on gut development . We investigated the impact of adding 
ground (GOT) or unground (UGOT) oat hulls in diets for 57-wk old 
Lohmann Select Leghorn-Lite (LSL) on proventriculus, gizzard, small 
intestine and liver weights . The same diets were also fed to 44-wk 
old Shavers Heritage White Leghorns (SHWL) to characterize breed 
responses to fiber inclusion. A total of 288 hens (144 for each breed) 
were placed in groups of 6 hens/cage based on breed . Hens were fed a 
common layer diet for 1 wk to collect egg production data as the basis for 
allocation to diets and baseline organ weights . Diets were then allocated 
within breed to give 8 replicates per diet and fed for 28 d . The diets 
were: control commercial layer mash diet or mixture of control with 
GOT or UGOT at a ratio of 80:20 wt/wt. Hens were sacrificed on d 28 
for organs weight . Organ change index was calculated by dividing the 
final organ weight (g/kg live BW) by baseline organ weight (g/kg live 
BW) . For the baseline, gizzard was the only organ that differed with 
SHWL showing 34% heavier gizzard than LSL (P < 0 .01; 12 .3 vs . 8 .1 g/
kg live BW) . On d 28, there was no interaction (P > 0 .05) between breed 
and diet on gizzard, proventriculus, small intestine and liver weights . 
Main effects were such that, LSL hens had heavier proventriculus than 
SHWL (P < 0 .1; 3 .7 vs . 3 .3 g/kg live BW) which in turn had greater 
gizzard weight than LSL (P < 0 .01; 17 .0 vs . 13 .4 g/kg live BW) . Only 
gizzard exhibited breed and diet interaction on organ change index, in 
this context, LSL hens receiving oat hulls had the greatest (P < 0 .01) 
gizzard weight increase compared with respective control hens or SHWL 
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hens fed any diets. Specifically, the indices for control, GOT and UGOT 
were 1 .01, 1 .83 and 2 .10, respectively for LSL and corresponding indices 
for SHWL were 0 .91, 1 .55 and 1 .66, respectively . The LSL hens had 
higher indices for proventriculus (P < 0 .01), small intestine (P = 0 .03) 
and tendency (P = 0 .08) for heavier liver than SHWL . In summary, the 
data showed that, the modern layer can adjust gut weight in response 
to fibrous feed more than predecessor.

Key Words: laying hen, gizzard, fiber, gastrointestinal weight, liver

133   Effects of long-term supplementation of pullets and layers 
with 25-hydroxyvitamin D3 on performance, bone quality, egg 
production, and egg quality. Chongxiao Chen*1, Bradley Turner2, 
Todd Applegate1, and Woo Kyun Kim1, 1The University of Georgia, 
Athens, GA, 2DSM Nutritional Products, North America, Parsippany, 
NJ.

Skeletal health and egg production are important welfare and economic 
issues for the layer industry . A study was conducted to evaluate the 
effect of dietary 25-hydroyvitamin D3 (25HD) on pullet and laying 
hen performance, bone quality, egg production, and egg quality from 
0 to 60 weeks . A total of 390 1-d-old Hy-Line W36 pullets were ran-
domly allocated to 3 treatments with 10 replicates, each with 13 birds . 
Dietary treatments were: 1) vitamin D3 at 2,760 IU/kg (D); 2) vitamin 
D3 at 5,520 IU/kg (DD), and 3) vitamin D3 at 2,760 IU/kg plus 25HD 
at 2,760 IU(69μg)/kg (25D). Body weight, feed intake were recorded 
at the conclusion of each stage: starter1 (0–3wk), starter2 (4–6wk), 
grower (7–12wk), developer (13–15wk), prelay (15–17wk), peaking 
(18–38wk), layer2 (39–48wk) and layer3 (49–60wk) . Egg production 
was recorded daily, and egg quality was measured every 8wk from 18wk . 
Tibia mineral apposition rate (MAR) was measured at 10wk using a 
calcein injection technique . For the pullet growing period (0–17wk), 
there was no difference among treatments on body weight and feed 
intake . At 10wk, tibia MAR was higher in 25D compared with D . For 
the laying period (18–60wk), DD showed lower feed intake at layer2, but 
higher at layer3 along with lower hen day production (HDP) from 18 to 
48wk compared the others . In contrast, 25D had better FCR(FI/dozen) 
at layer2, and higher overall (18–60wk) HDP compared with DD . For 
the egg quality analysis, at 25 and 33wk, both DD and 25D had higher 
Haugh unit compared with D . At 41wk, DD group laid smaller eggs 
with lower yolk weight, but higher specific gravity and shell thickness 
compared with the other treatments or D alone, which may partly due to 
the lower body weight at 40wk. At 49wk, DD showed highest specific 
gravity . Bone quality analysis showed 25D had higher bone mineral 
density and bone mineral content in comparison with D at 60wk . In 
conclusion, long-term of supplementation with dietary 25HD could 
improve FCR, cumulative HDP and egg quality as well as have posi-
tive effects on layer bone quality during pullet growing and late laying 
periods, improving welfare condition and profits for the layer industry.

Key Words: 25-hydroxyvitamin D3, pullet, laying hen, bone quality, 
egg quality and production

134   Graded levels of hulless barley and β-glucanase affect the 
performance of broiler chickens vaccinated for coccidiosis in an 
age dependent manner. Namalika Karunaratne*1, Mike Bedford2, 
Rex Newkirk1, and Henry Classen1, 1University of Saskatchewan, 
Saskatoon, SK, Canada, 2AB Vista, Marlborough, United Kingdom.

Diet β-glucanase depolymerizes viscous and soluble β-glucans into 
lower molecular weight polysaccharides and oligosaccharides, which 
might act as a prebiotic in chickens, particularly those exposed to enteric 

disease . To study this possibility, coccidiosis vaccinated broilers were 
fed graded levels of high β-glucan hulless barley (HB; CDC Fibar; 0, 30 
and 60% replacing wheat) and β-glucanase (BG; Econase GT 200P; 0, 
0 .01 and 0 .1%) in a 3 × 3 factorial arrangement . A total of 5346 mixed 
sex broilers were raised in litter floor pens and vaccinated in feed and 
water on d 5 with Coccivac-B52 (Merck Animal Health) . Each treatment 
was assigned to 1 pen in each of 9 rooms and there were 66 birds per 
pen . Body weight gain (BWG) and feed intake (FI) were assessed on a 
pen basis at d 11, 22 and 32 . Viscosity of ileal content was measured at 
d 11 and 33. Statistical significance level was P ≤ 0.05. Hulless barley 
and β-glucanase interactions were significant for BWG and mortality 
corrected feed:gain (F:G) from d 0–11 and 0–32, but the nature of the 
interaction varied by period . From d 0 to 11, BG did not affect BWG 
and F:G, regardless of HB level . However at the 60% HB level, 0 .01% 
BG improved these parameters while the 0 .1% BG level had no effect 
on growth and increased F:G . For the d 0–32 time period, BG level 
again did not affect BWG for 0 and 30% HB levels, but for the 60% HB 
level, both BG levels increased gain . The 0 .1% level of BG resulted in 
the lowest F:G for all HB levels, with the degree of response increasing 
with level of HB in the diet . Average mortality was 5% and there was 
no treatment effect . Ileal digesta viscosity was higher at d 11 compared 
with d 33 . No interaction was found for ileal digesta viscosity at d 11; 
level of HB did not affect viscosity, but both levels of BG decreased 
viscosity . At d 33, BG did not affect viscosity at 0 and 30 HB levels, 
but viscosity was lowered for the 0 .1% BG treatment at the 60% HB 
level . In conclusion, HB reduced broiler performance and BG alleviated 
most but not all of the effects . However, in young birds fed 60% HB, 
0 .1% BG did not impact BWG and increased F:G . This difference may 
relate to the inability of young birds to effectively utilize high levels of 
smaller molecular weight carbohydrate .

Key Words: viscosity, oligosaccharides, prebiotics, β-glucans, 
enzymes

135   Effect of corn particle size in complete commercial diets 
on broiler growth performance and carcass characteristics. Lisa 
Kitto*, R . Michael Hulet, and Paul Patterson, Pennsylvania State 
University, University Park, PA.

Particle size (PS) is an important contributing factor to bird growth, feed 
intake and conversion, as well as amount of fines and pellet durability 
in complete commercial broiler diets. Therefore, identification of an 
ideal corn screen size to maximize bird growth performance and car-
cass characteristics is desirable . Day-old Cobb-500 straight run broiler 
chicks (1728) were fed nutritionally complete commercial diets (Wenger 
Feeds, LLC) of one of 4 different corn PS (600µm, 900µm, 1200µm, or 
1500µm) to 12 replicate pens of 36 birds in each, grown to 42 d of age . 
Birds were fed crumbled starter from 0 to 18 d, pelleted grower from 
18 to 32 d, and pelleted finisher from 32 to 42 d ad libitum. Data were 
analyzed using the one-way ANOVA mixed procedure of SAS (9 .4) with 
differences deemed significant when P ≤ 0.05 and Tukey’s range test 
for means comparison was used when necessary . Body weight (BW) 
was significantly greater at 18, 32, and 42 d among birds fed 600µm 
and significantly less among 1200µm birds (2.89 vs. 2.80kg at 42 d), 
while body weight gain (BWG) was significantly greater from d 0–18 
for 600µm and 900µm treatments and less for 1200µm and 1500µm 
treatments . Overall BWG was also greater among 600µm and less in 
1200µm fed birds (2 .85 vs . 2 .76kg) . Feed conversion ratio (FCR) was 
significantly greater from d 0–18 for 1500µm, and less for 1200, 600, 
and 900µm PS treatments. Overall FCR was most efficient in 1500 
and 600µm PS treatments, followed by 900 and 1200µm PS (1 .67 vs . 
1 .68 and 1 .69, respectively) . There was no effect of PS on mortality 
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or feed intake throughout the trial . Gizzard weight among males was 
significantly greater in the 600µm compared with both 1200 and 900µm 
treatments (35 .88 vs . 30 .73 and 30 .29g) . Ceca weight among females 
was greatest in the 600µm PS treatment, and significantly less for 900, 
1200, and 1500µm PS (15 .73 vs . 11 .12, 13 .12, and 12 .86g, respectively) . 
Combined (male and female) revealed duodenum length to be signifi-
cantly shorter in 900µm birds and fat pad was greater among 1500µm 
birds compared with all other treatments . In conclusion, smaller PS 
treatments tended to have greater BW and BWG with more efficient 
FCR throughout production, while larger PS tended to have greater fat 
pad in male and pooled male and female birds .

Key Words: particle size, growth performance, carcass characteris-
tics, broiler, organ size

136   Effect of available phosphorus in growing and laying diets 
of broiler breeders on egg production and egg characteristics at 
the onset of lay. Dinabandhu Joardar*, John Brake, and Coltin Cara-
way, North Carolina State University, Raleigh, NC.

The objective of this study was to determine the interaction effects of 
level of available phosphorus (AvP) during rearing level during onset of 
lay. Ross 708 pullets were reared in an enclosed litter floor house from 
43 d of age on grower diets containing 0 .9% calcium (Ca), and one of 
4 levels of AvP consisting of 0 .3, 0 .4, 0 .5, or 0 .6% to photostimulation 
when they were moved to individual cages . No adverse effects of treat-
ments were observed during rearing . At 23 wk of age, 64 pullets reared 
on either 0 .3% or 0 .5% AvP either remained on their AvP level while 
the other half were changed to the other AvP level as Ca was increased 
to 2 .7% in a 2 × 2 arrangement . Egg production and characteristics of 
the second and tenth egg laid were assessed during the onset of lay . The 
0 .3% AvP grower diet increased (P ≤ 0.05) the weights of the second egg 
and its albumen but egg production decreased while egg mass remained 
similar . Egg production from 25 to 29 wk was increased by the 0 .5% AvP 
growing to 0 .5% AvP laying diets combination relative to the 0 .3% AvP 
to 0 .5% AvP combination with the other 2 combinations intermediate as 
the result of the altered egg weight at similar egg mass . A second group 
of 50 pullets that had been grown on either 0 .4% or 0 .6% AvP were 
switched to a 0 .45% AvP grower at 22 wk and all were fed a 2 .7% Ca, 
0 .45% AvP layer diet beginning at 27 wk of age . Hens that had been 
fed 0 .4% AvP during growing exhibited reduced (P ≤ 0.05) hen-day egg 
production from 25 to 36 wk but produced heavier (P ≤ 0.05) chicks 
compared with hens previously fed 0 .6% AvP to 22 wk, probably due 
to greater egg weight . Furthermore, residual yolk sac weight (g/100 g 
BW) at hatching was reduced (P ≤ 0.01) in chicks produced by hens fed 
0 .6% AvP in rearing . These data suggested that when broiler breeder 
pullets were “metabolically trained” to utilize a relatively low AvP level 
during rearing that they utilized the additional AvP found in a higher AvP 

diet or in the slowly increasing daily allocation of feed between 5% lay 
and 80% lay to produce greater egg weight . However, the greater egg 
weight was at the expense of egg number but not egg mass .

Key Words: broiler breeder, egg weight, available phosphorus

137   Feeding program and pelleting affects carcass composition 
of broilers. Gabriela Cardoso Dal Pont*1, Andréia Massuquetto1, 
Jean Fagner Durau1, Josiane Panisson1, Emanuelle Cristiny Goes1, 
Everton Krabbe2, and Francielle Oliveira Marx1, 1Universidade Fed-
eral do Paraná, Curitiba, Paraná, Brazil, 2EMBRAPA, Concórdia, 
Santa Catarina, Brazil.

The objective of the present study was to evaluate the effects of the 
feeding program and feed form on the carcass composition of growth 
broilers . A total of 768 male Cobb500 broilers were used at the age of 21 
to 35 d . The birds were distributed in a completely randomized design 
with 6 treatments and 8 replicates of 16 birds each . Treatments consisted 
of mash diet provided ad libitum as a control, pelleted ad libitum, and 4 
feed restriction programs (100, 95, 90 and 85% of the control intake) . 
Broilers were fed the same diets until 16 d of age and after 4 d of adap-
tation, with 21 d of age, they started to intake the experimental diets . 
On the 21st and 36th day, 10 birds per treatment were euthanized, all 
the feathers were removed and the whole carcasses were ground and 
dried at 65°C for subsequent analyses . The carcasses were analyzed 
for crude protein (CP) and ether extract content (EE) according to the 
AOAC, and for ash, by being burned in a muffle at 450°C for 12 h. To 
calculate the deposition of protein and fat in the carcass, the comparative 
slaughter technique was used . Data were submitted to ANOVA and the 
means were compared by the Dunnett test (P < 0 .05) using mash as a 
control . For pelleted diets provided 100, 95, 90 and 85% of control, the 
regression analyses were performed . The feed program and feed form 
did not affect the carcass ash content (P > 0 .05) . Broilers fed pelleted 
diet ad libitum had greater CP and EE content in the carcass than broilers 
fed mash ad libitum (P < 0 .001) . The feed restriction (90 and 85% than 
control) resulted in less carcass CP compared with control . As the feed 
restriction increased, the carcass CP level decreased linearly (P < 0 .01) . 
Broilers fed pelleted diets had greater carcass protein and fat deposition 
than control . The different feed programs did not affect the carcass fat 
content . Birds fed 90 and 85% of the amount consumed by mash showed 
less protein deposition in the carcass than control . Therefore, carcass 
composition is affected by pelleting and feeding program . Pelleted diets 
increase the protein and fat deposition . The feed restriction reduces 
protein deposition in the carcass of growth broilers .

Key Words: carcass composition, crude protein, ether extract, feed 
restriction, feed processing
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138   Transcriptional events underlying wooden breast ontog-
eny in the Pectoralis major breast muscle of commercial broilers. 
Jacqueline Griffin*1, Michael Lilburn2, Macdonald Wick3, and Luis 
Moraes3, 1The Ohio State University, Dublin, OH, 2The Ohio State 
University, Wooster, OH, 3The Ohio State University, Columbus, OH.

Successful selection for increased Pectoralis major (P. major) breast 
muscle yield in modern broilers has led to changes in muscle structure 
and function negatively affecting meat quality and consumer acceptance . 
The most severe of these muscle anomalies, predominantly affecting 
the P. major is wooden breast (WB) . To better understand the etiol-
ogy of WB, the current study investigated the transcriptional events 
underlying the progressive onset of this myopathy . A ranking system 
was used to define stages (1–4) of WB severity, based on distinct myo-
pathic changes observed in the P. major breast muscle . Image analysis 
of intact P. major muscles were used to assign rank (1–4), allowing for 
comparative analysis of gene transcription and WB severity . Hubbard 
× Ross 708 broilers (n = 27) were sampled every other day from d 2 
through 46 . Tissue samples were obtained from the cranial region of 
the P. major, flash frozen in liquid nitrogen and stored at −80°C. Total 
RNA was isolated, checked for integrity and concentration and pooled 
(n = 3) by pen. Simultaneous quantification of mRNA transcripts, unique 
to 30 target genes, was performed using a digital color-coded probe 
hybridization technique (Nanostring Technologies) . Raw digital counts, 
for each target gene, were normalized against the geometric mean of 5 
housekeeping genes . All gene transcription data were analyzed using 
the non-parametric Kruskal-Wallis test in the NPAR1WAY procedure 
of SAS to test for differences rank. Data showed significant differ-
ences (P < 0 .05) in gene transcription among ranks for 19 of the 30 
genes. Pearson correlation coefficients were obtained using the CORR 
procedure of SAS to investigate correlation between gene transcrip-
tion and rank. Significant correlation with rank was shown for 8 genes 
including; Cvent, Cemb1, hypoxia-inducible factor-1α (HIF-1α), matrix 
metalloproteinase-2 (MMP2), myoglobin, decorin, m-cadherin, and 
carbonic anhydrase-3 (CA3) . Among which, increased rank (P. major 
myopathy progression) corresponded with an increase in transcription 
levels . Most notable, was a spike in transcription observed between 
rank 3 and 4 (most severe) . A plausible hypothesis is proposed for the 
potential root cause of ischemia, hypoxia, and inflammation seen in 
WB-affected muscles, while providing a mechanistic explanation for 
the early phenotypic changes associated with WB .

Key Words: Pectoralis major, wooden breast, transcription, ontog-
eny, commercial broiler

139   Comparative gene expression profiling reveals genes 
important in woody breast. Shawna Peer* and Giridhar Athrey, 
Texas A&M University, College Station, TX.

Over the last few years, woody breast and white striping (together WB) 
have become a widespread phenomenon affecting meat quality . Previ-
ous studies of this condition have shown that WB is characterized by 
necrosis of the pectoralis muscle fibers, infiltration of macrophages and 
the increased deposition of fat and collagen which causes a hard and 
grainy texture of the meat, which have negatively affected consumer 
acceptance . Previous studies have also characterized gene expression 
profiles of WB versus normal tissue. In this study, our objective was 
to identify genes and functional pathways that shed light about the 
underlying causes of woody breast . Toward this end we generated and 
analyzed gene expression data from the pectoralis muscles of 40-d old 

WB + and WB – birds from a high yield commercial broiler line . In 
addition, we included gene expression data from multiple low yield 
varieties at both 6 d and 21 d of age . Total Transcriptome analysis by 
RNA sequencing on an Illumina HiSeq platform revealed about 600 
significantly differentially expressed genes in WB+ compared with 
WB- tissues. Furthermore, we found over 3000 genes significantly dif-
ferentially expressed between WB and other varieties included in the 
study . Pathway analyses of both these data sets have revealed major 
similarities to conditions that elicit apoptosis, cell proliferation, and DNA 
replication-repair processes . Our results suggest several endogenous and 
exogenous drivers of WB in broilers, which we are currently investigat-
ing . Our study also emphasizes the importance of further comparative 
approaches to help ameliorate WB .

Key Words: woody breast, gene expression, growth rate, compara-
tive analyses, cell proliferation

140   Myofiber and connective tissue characteristics in chicken 
breast muscle affected by wooden breast. Tamara Ferreira*, Cris-
tina Simões, Thais Pereira, Vladimir Nascimento, Sergio Vieira, and 
Liris Kindlein, UFRGS, Porto Alegre, Rio Grande do Sul, Brazil.

Wooden breast (WB) is characterized by variable degrees of hardness 
in raw Pectoralis major muscle and its histologically described by 
myodegeneration and regeneration, with a variable amount of intersti-
tial connective tissue accumulation and fibrosis. Researches show that 
WB significantly reduces consumer acceptance because affects meat 
quality attributes such as a difference in texture (MORS) of raw breast 
affected, however this myopathy not show differences in the shear 
force of these breasts after cooking . Once this hardness is observed 
in raw meat and that the connective tissue played an important role in 
meat tenderness, the aim of this study was to evaluate the myofiber and 
connective tissue characteristics in chicken breast muscle affected by 
wooden breast at different degrees. After slaughter process, breast fil-
lets were macroscopically classified to WB according to the degree (0: 
normal breast; 1: mild hardening in the upper; 2: moderate hardening 
in the upper and lower part of the fillet; 3: severe hardening; 4: severe 
hardening with hemorrhagic lesions, increased volume, and presence 
of yellow fluid) and randomly collected (n = a total of 15 fillets, with 
3 samples from each degree) . To histological examination, slides were 
prepared and stained using HE and evaluated to muscle fiber diameter 
(MFD) and thickness of endomysium (EMT) and perimysium (PMT) 
to differ the connective tissue localization using the software Image 
Pro-Plus . The Partial volume of muscle (PVM) was estimated by point-
counting stereology with M42 testing system . Exploratory analysis of the 
data was conducted through ANOVA with Tukey 5% for significance. 
There was a significant difference to all the measurements between the 
degrees 0 and 4 of WB. The muscle classified as degree 4 showed a 
higher MFD than normal muscle (39 .9 and 46 .6 µm; SEM = 0 .343; P 
< 0 .0001, respectively), however showed a decrease on PVM, with a 
consequent increased on EMT (11 .7 µm and 20 .0 µm; SEM = 0 .225; 
P < 0 .0001, respectively) and PMT (92 .7 µm and 216 .5 µm; SEM = 
3 .414; P < 0 .0001, respectively) . The results of this study suggest that 
WB myopathy could lead to meat tenderness (after cooking) once that 
PMT is an important factor on this attribute, however the higher values 
of endomysium and decrease PVM could compromise this texture .

Key Words: wooden breast, myopathy, muscle tissue, connective 
tissue, endomysium
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141   The impact of soybean or canola meal based broiler diet 
on water-holding capacity and woody breast prevalence. Gerardo 
Casco*, Jason Lee, Rosemary Walzem, Giridhar Athrey, and Chris-
tine Alvarado, Texas A&M University, College Station, TX.

Woody breast (WB) is a condition in broiler chickens that affects the 
water-holding capacity (WHC) of meat . The objective of this study was 
to evaluate the WHC and prevalence of WB in breast fillets from high 
yielding broilers fed as the main protein source either a soybean meal 
(SBM), or canola meal (CM) based commercial-type diets of equivalent 
nutritional composition . Day-old chicks were obtained from a com-
mercial hatchery and reared (0 .08 sq . m ./ bird) on pine shavings in 5 
pens (n = 25/pen) per 2 dietary treatment over 2 trials . Birds had free 
access to feed and water . Conventional methods were used to harvest 
and debone half of the birds on d 49 and the remaining half on d 59 to 
determine quality parameters (WOG and breast yields; WB and white 
stripping (WS), scores) . Breast meat was evaluated at 72 h for drip 
loss (DL), pH, and color . Cook loss (CL) was evaluated on all samples 
at 96 h from the same side fillets utilizing a modified oven method. 
Chi-Square was used to analyze categorical data (WB and WS) with 
remaining variables tests using a GLM of ANOVA . On d 49 severe 
WB and WS incidence was reduced in birds fed the CM diet (P < 0 .05) 
compared with birds fed SBM diet; WB 17 .39% vs . 68 . 27% and WS 
5 .43% vs . 23 .07% in CM and SBM fed, respectively . The CM WOG 
yield (76.96% ± 1.57), breast yield (27.18% ± 1.76), DL (−2.72% ± 
1 .33), and pH (6 .09 ± 0 .13) were lower (P < 0 .05) when compared with 
the SBM diet (78.99% ± 1.35, 29.76% ± 1.76, −3.48% ± 1.94, 6.21 ± 
0 .13; respectively) . Meat color was not affected by diet . CL was also 
lower in CM vs . SBM groups (20 .74% ± 3 .95 vs . 25 .82% ± 5 .98), P < 
0 .05 . Dietary differences persisted at d 59, where severe WB and WS 
incidence was lower in birds fed CM vs . SBM fed birds; severe WB 
(55 .34% vs . 80 .00%) and WS (47 .57% vs . 72 .22%) in CM vs . SBM 
groups, respectively . The WOG yield, breast yield, pH, and color of 
the birds were not affected by diet . The CM diet had a lower (P < 0 .05) 
DL and CL compared with the birds fed SBM; DL −2.15% ± 1.26 vs. 
−2.70% ± 1.32 and CL 25.94% ± 4.27 vs. 28.05% ± 5.61, in CM and 
SBM fed, respectively . In conclusion, at 49 d and 59 d of harvest, CM 
fed birds had a lower incidence of WB and WS in breast fillets which 
led to a positive impact on WHC resulting in lower DL and CL .

Key Words: canola meal, woody breast, white stripe, water-holding 
capacity

142   Effect of supplementing organic selenium on occurrence 
and severity of white striping and wooden breast in broilers. 
Heloisa Fialkowski Bordignon*, Anete Rorig, Elisangela Vanroo, 
Sabrina De Castro Palma, Djiovane Augusto Pazdiora, and Jovanir 
Ines Muller Fernandes, Federal University of Parana-Brazil, Palo-
tina, Parana, Brazil.

The association between myopathies and oxidative stress has triggered 
some interest in supplementing the diets with antioxidant nutrients . Sele-
nium (Se) is part of the enzyme glutathione peroxidase, which protects 
the membrane lipids and other cell components against the oxidative 
lesion . While inorganic Se is commonly used as feed supplements, recent 
research has firmly confirmed that organic Se is much easily integrated 
into body metabolism . The aim was to evaluate the myopathy occur-
rence in broilers supplemented with an inorganic and organic source of 
selenium . 1440 1-d-old Cobb male chicks were distributed in a design 
with 3 treatments and 12 replicates, totaling 36 experimental units 
with 40 birds each (density: 11,36 birds/m2) . The experimental diets 
consisted of diet supplemented with 0,3 ppm of inorganic selenium, diet 
supplemented with 0,3 ppm of organic selenium and diet supplemented 

with 0,6 ppm of organic selenium . The inorganic source was sodium 
selenite and the organic source was Selisseo 2% (Adisseo FeedSolu-
tions) . At 42 d of age, 60 birds/treatment were slaughtered and the breast 
was taken to classify the White Striping and Wooden Breast lesions . 
Samples were collected and submitted to histological procedures and 
stained with HE for observation of microscopic lesions . Longitudinal 
sections of the same samples were stained by Masson’s Trichrome to 
measure the proliferation of collagen and fat intermingling the muscle 
bundles. There was no significant effect (P > 0 .05) for the macroscopic 
analysis. Regarding the analysis of muscle fiber composition, there 
was a lower (P < 0 .05) percentage of collagen in the muscle tissue of 
broilers supplemented with 0 .6 ppm of organic Se compared with the 
inorganic source. Histological changes such as areas of fibrosis, areas 
of mineralization, moderate inflammatory macrophage and granulocytic 
infiltrate were higher in breast samples of broilers supplemented with the 
inorganic source than the organic source ones . These results indicate that 
increasing selenium supplementation at levels above usual requirement 
levels or highly bioavailable organic selenium sources may be more 
effective in controlling oxidative stress but also other finely regulated 
mechanisms like selenoprotein signaling function .

Key Words: antioxidant, breast myopathies, collagen, fibrosis, 
granulocytic infiltrate

143   Effects of guanidinoacetic acid (GAA) supplementation 
on pectoral myopathies and blood serum parameters on broil-
ers fed diets with or without poultry by-products meal up to 
56 d. Hernan Cordova-Noboa*1, Edgar Oviedo-Rondón1, Albaraa 
Sarsour1, Deben Sapcota2, Damian Lopez3, Leticia Gross4, Meike 
Rademacher-Heilshorn5, and Ulrike Braun6, 1North Carolina State 
University, Raleigh, NC, 2Assam Agricultural University, Guwahati, 
India, 3Universidad de las Fuerzas Armadas ESPE, Quito, Ecua-
dor, 4Universidade Federal Do Rio Grande Do Sul, Rio Grande 
Do Sul, Brazil, 5Evonik Nutrition & Care GmbH, Hanau-Wolfgang, 
Germany, 6AlzChem AG, Trostberg, Bavaria, Germany.

Metabolites directly involved in muscle metabolism could be of interest 
to alleviate the severity of pectoral myopathies like wooden breast and 
white striping . This experiment was conducted to evaluate the effects of 
guanidinoacetic acid (GAA) supplementation as precursor of creatine 
in broilers fed corn-based diets with or without the inclusion of poultry 
by-products (PBP) on pectoral myopathies, as well as blood hematology, 
hepatic enzymes (ALT, AST, GGT, LD, CK), GAA and its metabolites 
(creatine, creatinine and homocysteine) in broilers raised up to 56 d . 
Treatments consisted of corn-based diets with or without the inclusion 
of PBP, supplemented or not supplemented with GAA (600 g/ton) as 
CreAMINO . A total of 1,280 Ross 708 male chicks were randomly 
placed in 64 floor pens with 16 replicates per treatment combination. 
At 55 d, 4 broilers per pen were selected and one of those chickens was 
used for blood collection and hematological analysis . At 56 d, breast 
fillets were obtained to examine wooden breast and white striping scores. 
Data was analyzed as a randomized complete block design in a 2 × 2 
factorial arrangement with PBP inclusion and GAA supplementation as 
main effects . Blood results showed no effects (P > 0 .05) of treatments 
on minerals, white and red blood cells count, homocysteine, albumin 
and protein serum concentration due to either PBP inclusion or GAA 
supplementation . However, gamma-glutamyl transpeptidase (GGT) was 
reduced (P = 0 .0693) by GAA supplementation . An interaction effect 
of treatments (P < 0 .05) was detected on plasma GAA concentration . 
Dietary GAA supplementation increased GAA plasma levels of broilers 
fed both diets, but mainly in those fed diets with PBP . Blood creatine was 
increased (P < 0 .05) by GAA supplementation (65 .87 vs . 41 .46 µM) . 
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Creatinine was greater (P < 0 .05) in chickens fed diets containing PBP 
compared with the ones fed diets with no PBP inclusion . The percentage 
of samples not showing severe signs of wooden breast was increased 
(P ≤ 0.05) by GAA supplementation only in diets without PBP (54 vs . 
31%) . In conclusion, dietary GAA supplementation increased blood 
GAA and creatine concentrations, and proportion of samples without 
severe wooden breast, and reduced blood GGT concentration .

Key Words: guanidinoacetic acid, poultry by-product, pectoral 
myopathy, hematology, broiler

144   Defining the effect of higher dietary arginine, vitamin 
C, vitamins and lower dietary digestible amino acid levels on 
broiler performance, meat yield, and the incidence of white 
striping (WS) and woody breast (WB). Brooke Bodle*1, Christine 
Alvarado1, Jason Lee1, Rob Shirley2, and Yves Mercier3, 1Texas 
A&M University, College Station, TX, 2Adisseo USA, Alpharetta, 
GA, 3Adisseo France, Malicorne, France.

Multiple nutritional strategies were investigated in an effort to mitigate 
the presence and severity of white striping (WS) and woody breast (WB) 
in high yielding male broilers . A total of 1,980 d-of-hatch male broil-
ers were distributed among 6 treatments (11 replicate pens/treatment 
(Trt)), 30 broilers/replicate pen) . The following nutritional strategies 
were investigated as compared with a 4 –phase commercial reference 
broiler diet (Trt 1) . Increasing the ratio of digestible Arginine:digestible 
Lysine (ranged from 120 to 125, Trt 2), supplementing Trt 1 with 100 
mg vitamin C/kg feed (Trt 3), doubling the vitamin pack inclusion rate 
of Trt 1 (Trt 4), reducing the digestible amino acid density (dAA) of 
only the Trt 1 grower phase by 15% and feeding the same Trt 1 starter, 
finisher, and withdraw diets (Trt 5), combining the 4 strategies (Trt 6). 
The following production parameters were evaluated on d12, 24, 36 and 
45: body weight (BW), body weight gain (BWG), feed intake (FI), and 
mortality-corrected feed conversion ratio (FCR) . On d46, 7 birds per 
pen were processed: boneless, skinless breast meat yields were deter-
mined and breast filets were scored for the severity of WS and WB. At 
the end of the grower and finisher phases, feeding lower dAA grower 
diets suppressed BW (Trt 5 and 6, P < 0 .001) . However, there were no 
differences in BW among all treatments at d45 (P = 0 .220) . Compared 
with Trt 1, cumulative FCR through d45 was greatest for Trt 3 and 4 
(P < 0 .001) . No differences were observed in average breast weight 
(P = 0 .188) . However, breast yield (% of live weight) was greatest for 
Trt 1 and least for Trt 6 (P = 0.041). The WS profile was not affected 
by dietary Trt (P > 0 .548) . The WB score dropped from 1 .83 in Trt 1 
to 1 .49, 1 .27, 1 .74, 1 .53 and 1 .43 in Trt 2 through 6, respectively (P = 
0 .018) . As a result, the WB scores of 2 and 3 shifted from 61 .3% in Trt 
1 to 49 .3, 35 .9, 60 .0, 50 .8, and 38 .7 in Trt 2 through 6, respectively . 
Given the FCR, breast weight data and the fact that high WB scores 
result in a devaluation of breast meat, feeding a higher ratio of dArg: 
dLys, higher vitamin C, or a lower dAA level in the grower phase results 
in better breast meat quality and value .

Key Words: white striping/woody breast, arginine, vitamin, vitamin 
C, digestible amino acids

145   Use of manual palpation in live broilers to identify the 
onset of the woody breast myopathy. Barbara de Almeida Mall-
mann*, Dawn Koltes, Karen Christensen, Alissa Piekarski, Juan 
Caldas-Cueva, Craig Coon, and Casey Owens, University of Arkan-
sas, Fayetteville, AR.

The initiation of the woody breast myopathy is anticipated to start around 
2–3 weeks of age . However, reliable methods to detect woody breast in 
live birds are lacking . Woody breast is characterized by hardness of the 
breast fillet. Therefore, the purpose of this study was to determine the 
relationship of palpation scores of broiler breast muscle on the live bird 
at various ages and woody breast fillet scores and compression force 
of fillets in the postmortem period (57 d of age). Sixty male Cobb 700 
broilers were randomly chosen from 3 chambers containing 80 broil-
ers each . A single evaluator over the course of the study scored breast 
fillet hardness on d 19, 26, 33, 40, 47, and 54 of age using a scale of 
0–3 palpation scoring system in the live bird . Woody breast was scored 
in deboned (2h postmortem) fillets at processing on d 57 by the same 
scorer. After 24 h, one random side of each breast fillets was subjected 
to compression force (N) using the TA .XT Plus Texture Analyzer in 6 
regions of the fillet. Data were analyzed using PROC Glimmix in SAS 
with age, woody breast score and the interaction between age and woody 
breast score fit as fixed effect and bird fit as a repeated measure. Pearson 
correlation coefficients within age were also determined. Body weights 
were different for age (P < 0 .01) and woody breast score (P < 0 .01), 
but no interaction between age and woody breast score was observed 
(P = 0.99). Pearson correlation coefficients between live palpation 
score and woody breast score and live palpation score and compression 
force tended to be correlated at 19d (r = 0 .23; P = 0 .09; r = 0 .53; P < 
0 .01, respectively). The live palpation score and woody breast score 
relationship strengthen at 26, 33, 40, 47, and 54 d of age (r > 0 .53; P < 
0.01). Additionally, Pearson correlation coefficient within age between 
compression force of fillets after processing and live palpation score 
were moderate for 26, 33, 40, 47, and 54d of age was significant correla-
tion (r > 0 .43; P < 0 .01) . As expected the relationship between woody 
breast score and compression force was strong (r = 0 .84; P < 0 .01) . In 
conclusion, live palpation scores for breast muscle hardness identified 
broilers as early as 26 d of age with woody breast characteristics . This 
early detection was related to final woody breast fillet scores and com-
pression force . Additional research is needed to determine predictability 
of live palpation scores between 19 and 26 d of age .

Key Words: woody breast, palpation, compression force, correlation

146   Fresh chicken sausage formulated with different percent-
ages of woody breast meat. Maria Aguirre* and Christine Alvarado, 
Texas A&M University, College Station, TX.

Quality traits and texture evaluation of woody breast (WB) as a whole 
muscle have been previously assessed . However, there is limited 
quality information about the use of WB meat in processed products . 
Therefore, the objective of this experiment was to evaluate the effects 
of (WB) meat in fresh chicken sausage at percentages of T0, T25, T50, 
T75 and T100 . Quality traits (L*, a*, b* color and pH) and texture 
profile analysis (hardness, springiness, chewiness and cohesive) were 
measured . Woody and normal meat were obtained from a commercial 
facility (less than 24 postmortem) . The meat was scored for normal (0) 
and severe WB (3) by tactile evaluation . The commercial sausage for-
mulation (3/8 inch ground) was composed of 50 .58% pork trimmings, 
40% chicken, 6% water, 3% spices and 0 .42% phosphate . A total of n 
= 75 links of 6 sausages in 3 replication were evaluated . From each 
trial, n = 5 links were cooked in aluminum pans in a convection oven 
and cook loss was determined . Texture samples were cut into 3 pieces 
(2 .6 cm × 2 cm) . Trials were conducted in a randomized block design 
with a protected LS-MEANS using JMP Pro 12.0.1, significance was 
accepted at P ≤ 0.05. In raw materials, WB meat had higher lightness 
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(62 .44; 58 .57) and pH (6 .22; 5 .98) compared with normal (P ≤ 0.05). 
For cook loss, there was no difference between T0 WB (11 .42; 10 .13) 
and T100 WB (P ≤ 0.05). However, T75 WB (7.61) had the lowest 
value (P ≤ 0.05). Treatments T0, T25 and T100 WB (5.73; 5.13; 5.07) 
showed higher values in hardness compared with T50 and T75 (4 .75; 
4 .59) (P ≤ 0.05). Texture attributes springiness and cohesive were not 
significantly different. For cooked sausage, there was no difference in 
color-L* . pH increases (6 .36;6 .39;6 .43;6 .44;6 .48) with increasing per-
centages of WB (P ≤ 0.05). This experiment showed that once there is 
reduction in particle size of WB meat there are no differences in quality 
traits and texture attributes compared with normal meat . Future experi-
ments should evaluate the sensory attributes of fresh chicken sausage .

Key Words: chicken sausage, woody breast, TPA

147   Optimizing deboning times to improve texture of breast 
meat from fast-growing big broilers. Meredith Johnson*2, Avery 
Smith1, Ada Madrid1, Allan Pinto1, Laura Bauermeister1, and Amit 
Morey1, 1Auburn University, Auburn, AL, 2Auburn University, Arab, 
AL.

Fast-growing big broilers are being deboned as early as 2 h post-
slaughter with incomplete rigor resolution probably leading to tough 
meat texture compounded with toughness from wooden breast condi-
tion . Tough meat has caused meat quality issues consumer complaints . 
There is a need to reduce the toughness of meat from big broilers (8–10 
lbs . live wt .) to reduce consumer complaints and possibly improve 
meat quality . Previous research indicated that although deboning big 
broilers at 16 h post-slaughter yielded tender fillets, it can affect pro-
ductivity and throughput . A research was conducted to determine the 
optimum deboning time required to improve texture via resolution of 
rigor mortis . The objective of this time series study is to evaluate the 
effects of deboning times up to 10 h post-slaughter compared with 26 
h post-slaughter . Broiler carcasses (8-week old birds; total n = 864) and 
butterfly breast fillets (n = 216 × 3 trials) were obtained from a local 
poultry processor. Random breast fillets were collected directly off the 
deboning line to represent the 2 h post-slaughter treatment . Further, the 
carcasses and breast fillets were transported to the lab under refrigeration 
(4°C) and stored in walk-in coolers (4°C) until deboning at 6, 10, and 
26 h post-slaughter . Carcasses (n = 72 per time point) were deboned to 
obtain butterfly breast fillets which were split into right and left sides. 
The left side fillets were weighed, cooked in a convection oven to an 
internal temperature of 165F, cooled and weighed again to measure 
cook losses. Cooked fillets were used to analyze texture using the 
BMORS method. The right side fillets were hand palpated to score for 
woody breast, analyzed for color (Hunter L*a*b*) and then subjected to 
texture profile analysis. Data was analyzed using ANOVA to determine 
significant differences at P < 0 .05 . Peak force and shear energy values 
significantly reduced (P < 0 .05) with increase in deboning times from, 
2 to 26 h . Peak force and shear energy values at 0h were 21 .86 N and 
264 .15 N .mm which decreased (P < 0 .05) to 14 .43 N and 185 .28 N .mm, 
respectively . Results from the study can be useful in determining the 
optimum time required to debone big broilers such that tough texture 
issues are minimized .

Key Words: extended, debone, wooden, breast, prevalence

148   Sensory attributes of ready-to-eat cooked products with 
broiler chicken breasts affected by wooden breast myopathy. 
Fernanda Prado, Pedro Ferzola, Tamara Ferreira, Silvana Caldas*, 
Sergio Vieira, and Liris Kindlein, UFRGS, Porto Alegre, Rio Grande 
do Sul, Brazil.

Wooden breast (WB) is a myopathy affecting the pectoralis major 
muscle that macroscopically is hard, out bulging and pale in fast-growing 
broiler chickens . This myopathy is causing concerns to the poultry 
industry due to this hardness that is affecting the consumer acceptance 
in the raw product . The aim of this study was to evaluate the sensorial 
attributes of 2 ready-to-eat cooked products (roast chicken and pieces of 
chicken meat in the sauce) in broiler chicken breast by different degrees 
of WB. Deboned breast fillets were collected after chilling at 0°C in 
slaughterhouse, and they were macroscopically classified as Normal 
(without lesion), Slight (moderate hardening in the upper and/or lower 
part of the fillet), Moderate (severe hardening) and Severe (severe 
hardening with hemorrhagic lesions, increased volume, and presence 
of yellow fluid) and then cooked exactly in the same condiments and 
proportions, until a core temperature of 76°C was reached . Sensorial 
analysis has based on a 9-point hedonic scale that evaluated color, 
juiciness, texture and overall appearance of each sample . A panel of 17 
staff members of the meat industry . The results were analyzed by SAS 
software with Kruskal-Wallis to significance. There was a significant 
difference for succulence and texture in roast chicken fillets classified 
as normal when compared with slight (6 .07 and 6 .02; 4 .35 and 4 .52, 
respectively), however, the attributes color and general appearance had 
no differences between the degrees of WB . The pieces of chicken meat 
in the sauce had a significant difference (P < 0 .05) only for the attribute 
color in severe degrees compared with normal, slight and moderate (6 .82; 
7 .64, 7 .82 and 7 .60, respectively) . The consumers did not perceive dif-
ference in the attributes succulence, texture and overall appearance in 
both read-to-eat cooked products with different degrees of myopathy . In 
conclusion, this study suggests that the severity of wooden breast does 
not affect the sensorial profile in ready-to-eat cooked products and it 
can be an alternative to industry to use of these breasts .

Key Words: wooden breast, sensory profile, chicken breast, ready-to-
cook, meat product

149   Ultrasonography patterns in the developing breast muscle 
of broilers fed at 70% restriction or low density diets. Cristina 
Simoes*1, Sergio Vieira1, Liris Kindlein1, Tamara Ferreira1, Catarina 
Stefanello2, Gabriela Santiago1, Maieli Rohr1, and Silvana Caldas1, 
1UFRGS, Porto Alegre, RS, Brazil, 2UFSM, Santa Maria, Brazil.

The wooden breast (WB) is a severe and common myopathy in the breast 
muscle of broiler chickens with limited conditions for in vivo evaluation . 
Ultrasound (US) images of breast muscle of growing broilers subjected 
to different feed restrictions programs were weekly obtained such that 
WB could be in vivo predicted . A total of 1,800 Cobb × Cobb 500 
male chicks were placed into 72 floor pens in a completely randomized 
design of 9 treatments with 8 replicates of 25 birds individually wing 
banded . Birds were fed Control feeds (3,030; 3,119 and 3,200 kcal/kg 
AME and 1 .31, 1 .20, and 1 .12% dig . Lys in a 3-phase program) . Four 
groups were submitted to a 70% feed restriction of the ad libitum daily 
feed intake in wk 1, 2, 3, and 4 . Other 4 groups were fed low AME and 
crude protein diets (2,980; 3,070 and 3,149 kcal/kg AME and 1 .10, 1 .13 
and 0 .93% of dig . Lys) in the same weeks . All birds were fed ad libitum 
afterward to 49 d . Ultrasound was weekly conducted from 7 to 49 d with 
the probe placed on the skin surface . Mean gray values were calculated 
from the obtained histogram (black to white scale from 0 to 255) and 
breast depth . One bird per pen was weekly slaughtered, breast muscles 
were weighed and given visual WB scores (0 = normal breast, 1 = mild 
hardening in the upper, 2 = moderate hardening in the upper and/or lower 
part of the fillet, 3 = severe hardening, and 4 = severe hardening with 
hemorrhagic lesions, increased volume, and presence of yellow fluid). 
Echogenicity, depth of breast fillets as well as WB severity increased 
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as birds aged (P < 0 .05) . The WB score 4 presented highest (P < 0 .05) 
echogenicity at 28, 42, and 49 d . Depth also was the highest in score 4 
at 28 and 42 d . At 49 d, all WB scores presented similar depth . The WB 
score 0 was not observed at 28, 35, 42, and 49 d whereas the WB score 
4 was not observed at 35 d . Correlations between WB scores and depth 
were 0 .58, 0 .50, 0 .42, and 0 .16 at 28, 35, 42, and 49 d, respectively (P 
< 0 .001) whereas those between WB score and echogenicity were 0 .43, 
0 .11, 0 .39 and 0 .34 at the same ages, respectively (P < 0 .05) . The study 
demonstrated that US images can be adequately utilized to predict the 
WB of broilers in vivo; however, the feed restrictions were not able to 
reduce WB in birds after 28 d .

Key Words: broiler, depth, echogenicity, feed restriction, wooden 
breast

150   Exploring magnetic resonance imaging, an advanced 
technology to study modern meat quality defects, such as wooden 
breast, in broilers. Avery Smith*, Samantha Patton, Laura Bauer-
meister, Ronald Beyers, Ada Madrid, Allan Pinto, Jessica Starkey, 
and Amit Morey, Auburn University, Auburn, AL.

Wooden Breast (WB) myopathy is a modern muscle condition leading 
to tough meat texture, consumer complaints, and economic losses . Till 
date, the only method to detect wooden breast is to hand palpate the 
fillets and categorize them by levels of hardness, causing ambiguity in 
the determination of meat quality . Research was performed to explore 
the possibility of using magnetic resonance imaging (MRI) as a tool for 
objective measurement in distinguishing between wooden and normal 
broiler breast fillets. A butterfly fillet with severe wooden breast and 
a normal fillet from freshly deboned birds were obtained from a local 
processing plant. Butterfly breast fillets were separated into right and 
left and individually vacuum packaged . Due to size limitations of the 
MRI head coil, only the right side fillet of the normal breast, as well as 
both left and right wooden breast fillets, were used for analysis. MRI 
analysis was conducted using a Siemens 7-Tesla Magnetom scanner 
for 45 min . MRI scans of the wooden breast showed abnormal tissue . 
Scanned fillets were stored overnight at 4°C and then analyzed using 
bioelectrical impedance analysis via a Certified Quality Reader (CQR). 
The left wooden breast fillet was analyzed for textural differences using 
the BMORS method . Similarly, the abnormal areas (as determined using 
MRI scans) from the right side wooden breast fillet were analyzed using 
cryohistology, immunofluorescence staining, and fluorescence micros-
copy, and compared with the images of the normal breast fillet. Data 
of T1 relaxation times were analyzed using a Z-Test to compare mean 
relaxation times of similar locations in the woody and normal breasts 
at P < 0 .05 . The average T1 relaxation times of left and right wooden 
breast fillets were 950.8054 ms and 914.7768, respectively, which were 
significantly higher than the normal tissue (845.8806 ms). Similarly, 
BIA values of normal and wooden breast were significantly different. 
Cryohistology images served as a validation for the abnormal areas 
observed in the MRI scans . MRI provided a 3-dimensional image of 

the entire chicken breast and was able to locate wooden areas scattered 
throughout the entire breast . Thus, MRI can be used as a tool to study 
modern myopathies in broilers .

Key Words: wooden breast, woody breast, magnetic resonance 
imaging (MRI), meat quality, meat texture

151   Use of image analysis to identify woody breast character-
istics in broiler carcasses from 7- and 10-week-old commercial 
broilers. Juan Caldas-Cueva*2, Xiao Sun1, Sara Landis2, Barbara 
Mallmann2, Dawn Koltes2, Karen Christensen2, and Casey Owens2, 
1Nanjing Agricultural University, Nanjing, Jiangsu, China, 2Univer-
sity of Arkansas, Fayetteville, AR.

Woody breast (WB) causes a significant financial loss to poultry pro-
ducers . The lack of an objective tool to identify WB is a contributing 
factor . The aim of this study was to determine if there are conforma-
tion changes that can be used to accurately identify broiler carcasses 
across ages and strains with WB using image analysis . Images of male 
broiler carcasses from 2 high breast yielding commercial strains at 2 
ages (7 and 10 wk) were captured before evisceration . Whole breast 
fillets were scored for WB severity based on tactile evaluation (0 or 
0 .5 as normal; 1 or 1 .5 as mild, and 2 or 3 as severe) . Images (n = 180; 
15 birds per strain, age and WB severity) were processed and analyzed 
using ImageJ software . Parameters for carcass conformation were M1: 
breast width in the cranial region; M2: a vertical line from the tip of 
keel to 1/5th of breast length; M3: breast width at the end of M2; M4: 
angle formed at the tip of keel and extending to outer points of M3; 
M5: area of the triangle formed by M3 and lines generated by M4; M6: 
area of the breast above M3; M7: M6 minus M5 . Data were analyzed 
using an ANOVA with strain, age, WB category and all interactions fit 
as fixed effects. Pearson correlation coefficients were estimated by age 
and strain for WB severity and image measurements . The interaction 
of age and WB was significant (P < 0 .05) for most measurements and 
strain was significant (P < 0 .05) for M2 through M4 and M7 . With 
exception to M2, measurements increased (P < 0 .05) as WB severity 
increased . M3 through M7 were highly correlated with WB score within 
strain and age (r = 0 .78 to 0 .95, P < 0 .01) . The M3 (caudal width) had 
the highest correlation to WB severity regardless of strain and age (r = 
0 .92 to 0 .95, P < 0 .01), while M4 (angle at keel) and M6 also had high 
correlations to WB severity with some impact of age (r = 0 .91 to 0 .94, 
P < 0 .01, at 7 wk and r = 0 .85 to 0 .87, P < 0 .01, at 10 wk) . These data 
indicate image analysis may be a reliable method to identify WB in the 
broiler carcass . Automation of these measurements would allow for the 
potential integration into current on-line vision grading systems, and 
allow poultry processing plants to identify and sort broiler carcasses 
by WB condition . However, additional research is needed to validate 
relationships when broilers from various ages, sizes, strains, and sexes 
are included .

Key Words: wooden breast, vision grading, meat quality, online 
carcass sorting, processing
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Student Competition: Nutritional Immunology

152   Indices of gut function in broiler chickens fed corn-
soybean meal diets without or with exogenous epidermal growth 
factor upon challenge with Eimeria. Emily Kim*1, Nadeem 
Akhtar1, Ryan Snyder1, Julang Li1, John Barta1, Chengbo Yang2, 
Chengbo Yang2, and Elijah Kiarie1, 1University of Guelph, Guelph, 
ON, Canada, 2University of Manitoba, Winnipeg, MB, Canada.

Epidermal growth factor (EGF) is a potent stimulant of gastrointesti-
nal growth and its effect on intestinal function was assessed in broiler 
chickens challenged with Eimeria . A total of 216 d old male broiler 
chicks (Ross 708) were placed in cages (6 birds/cage) and allocated 
to 3 treatments . The treatments were: 1) control (fermentation media 
without EGF), 2) 80 µg of EGF/kg BW/d and 160 µg of EGF/kg BW/d . 
EGF was given based on expected breeder’s growth curve . A basal 
antibiotic-free corn-soybean diet was used . Birds were offered fresh 
feed with respective treatments daily and had free access to drinking 
water for 14 d . On d 5, birds (6 replicates per treatment) were challenged 
with 1 mL of E. acervulina and E. maxima via oral gavage and the 
other 6 replicates were given distilled water . Two birds per cage were 
sacrificed on d 10 for intestinal lesion scores, histomorphology and gene 
expression of select proteins . Excreta samples for oocyst counts were 
collected from d 10–13 and all birds were killed on d 14 for gastroin-
testinal weight . Oocyst shedding and intestinal lesion scores were only 
observed in Eimeria challenged birds and there was no (P > 0 .05) EGF 
and Eimeria interaction on these parameters . There was no (P > 0 .05) 
EGF nor interaction with Eimeria on gastrointestinal weight and jejunal 
histomorphology, however, Eimeria challenge increased (P < 0 .01) 
gizzard, small intestine, and ceca weight and decreased villi height to 
crypt depth ratio compared with non-challenged birds . An interaction (P 
< 0 .05) between EGF and Eimeria on indices of gut function was such 
that EGF increased expression of maltase, sucrase, glucose and amino 
acids transporters in Eimeria challenged birds and not in non-challenged 
birds . There was an interaction (P < 0 .05) between Eimeria and EGF on 
toll like receptor 4 (TLR4) and occuludin (OCLN), in this context, EGF 
linearly increased expression of TLR 4 and OCLN in challenged birds 
and not in non-challenge birds . These results demonstrated that Eimeria 
challenge did impair gut function, however, the improved expression of 
digestive enzymes, nutrients transporters and tight junction proteins in 
challenged birds fed EGF suggests its potential capacity to counteract 
the negative effects of Eimeria infection .

Key Words: broiler chicken, epidermal growth factor, gut health and 
function, alternatives to anticoccidials and antibiotics, Eimeria

153   Can dietary slowly digested starch mitigate coccidiosis 
in cage-housed broiler chickens? Rachel Savary*, Dawn Abbott, 
Andrew Van Kessel, and Henry Classen, University of Saskatchewan, 
Saskatoon, SK, Canada.

Reduced use of medication in animal feeding has led to increased 
investigation of dietary factors that enhance bird health . Slowly digested 
starch (SDS) may be partially used as a fermentation substrate for 
intestinal bacteria, promoting the production of short chain fatty acids 
and reducing enteric disease . Un-medicated diets containing equal total 
starch but varying ratios of rapidly digested starch (RDS) to SDS were 
fed from 1 to 25d. Semi-purified wheat (RDS) and pea (SDS) starches 
were blended to create the following RDS/SDS ratios: 100/0, 75/25, 
50/50, 25/75, 0/100 . At 18d birds were gavaged with a 30x label dose 
of Coccivac-B52 (Merck Animal Health, approx . 2 .03 × 105 sporulated 

oocysts) or 1 mL of distilled water . Response criteria were evaluated 
at 25d . The experiment was a RCBD in a 5x2 factorial arrangement 
and each treatment was administered to 8 replicate cages of 5 birds . 
Analysis of variance and regression were completed in SAS 9 .4 . All 
means are reported in order of increasing level of SDS or challenge with 
significance at P ≤ 0.05. Broiler performance was not affected by SDS 
but challenge decreased body weight gain (670, 518 g bird−1) and feed 
intake (932, 844 g bird−1) and increased feed to gain (1 .39, 1 .62) . As 
SDS level increased, AMEn increased (2633c, 2783ab, 2764bc, 2776ab, 
2900a kcal kg−1) while challenge decreased AMEn (3287, 2255 kcal 
kg−1) . Challenge increased relative empty weight of proventriculus 
and gizzard, relative weight and length of the small intestine and ceca, 
and relative digesta weight in each location except ceca . Level of SDS 
decreased relative weight of proventriculus and duodenum and digesta 
weight of the proventriculus and gizzard . Ileal pH resulted in an inter-
action such that pH increased in 0x but decreased in 30x birds as SDS 
level increased and within each level of SDS, challenge resulted in a 
marked decrease of pH . Level of SDS linearly decreased cecal pH (6 .59, 
6 .60, 6 .44, 6 .17, 6 .21) while challenge had no effect . Oocyst shedding 
was not affected by SDS (5 .56 mean log oocysts g−1 excreta) . SDS did 
not directly mitigate the effects of coccidiosis . However, a decline in 
cecal pH consistent with SDS fermentation suggests SDS should be 
investigated for prevention of secondary bacterial infections following 
coccidiosis challenge in floor-reared birds.

Key Words: pea, wheat, production performance, intestinal morphol-
ogy, pH

154   The effects of anticoccidial vaccination and supplemental 
protease and vitamin C on host immune response in broilers. 
Stephanie Hutsko*1, Michael Lilburn2, Aaron Cowieson3, and Mac-
donald Wick4, 1The Ohio State University, Dublin, OH, 2The Ohio 
State University, Wooster, OH, 3DSM Nutritional Products, Belfast, 
United Kingdom, 4The Ohio State University, Columbus, OH.

The poultry industry is moving to increased use of anticoccidial vaccines 
in production systems, but these vaccines can result in an inflamma-
tion response that may create an environment for secondary bacterial 
challenges . Commercial broiler chicks (n = 960) were obtained from 
a commercial hatchery and half the chicks were administered an anti-
coccidial vaccine (CON; VACC) . Eimeria cycling was confirmed via 
oocyst shedding, which was measured by pen on d 7, 14 and 28 . All 
chicks were subsequently allocated to 48 pens with litter floors. The 
experimental design was a 2 × 2 complete randomized block design 
with vaccine treatment and dietary treatment (CON, SUPP) as the 
main effects . The SUPP treatment consisted of supplemental dietary 
protease and vitamin C . Chicks were sampled at 14 d and 28 d . Cecal 
tonsils were collected from 2 birds per pen at 14 d and 28 d and used 
for transcription analysis of cytokines IL-4 and IL-10 . The vaccinated 
chicks had increased transcription levels of both IL-4 and IL-10 (P = 
0 .0075; P = 0 .052) and IL-4 transcription increased with Protease/Vit C 
supplementation (P = 0.037). There was a significant day by vaccination 
interactions for both cytokines (IL-4, P = 0 .0005; IL-10, P = 0 .0134) . 
Both cytokines were increased by d 28 in both the VACC and CON 
birds . IL-4 is a pro-inflammatory cytokine that is upregulated early in a 
coccidiosis infection while IL-10 is an anti-inflammatory cytokine that 
is also upregulated in a coccidiosis infection . These data support that 
both cytokines are also upregulated in a low dose coccidiosis model . The 
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increased IL-4 transcription may be due to the birds’ enhanced ability 
to mount an immune response to Eimeria with the protease/vitamin C 
supplementation . Overall, the combination of an anti-coccidiosis vac-
cine and supplemental protease and vitamin C results in an increase in 
the host immune response .

Key Words: cecal tonsil, coccidiosis, vitamin C, protease, cytokine

155   Effects of an enhanced acid-based feed additive on 
Salmonella challenge in laying hens. Ashley Markazi*1, Amanda 
Luoma1, Revathi Shanmugasundaram1, G . Raj Murugesan2, Michaela 
Mohnl3, and Ramesh Selvaraj1, 1The Ohio State University, Wooster, 
OH, 2Biomin, San Antonio, TX, 3Biomin, Getzersdorf, Austria.

Salmonella contamination from poultry meat and eggs can lead to infec-
tion in humans, with symptoms including diarrhea, fever and vomit-
ing . In chickens, Salmonella infection stimulates an immune response 
leading to the expression of cytokines TNF- α and IL-10, and increased 
IgA and IgG antibodies . This study analyzed the inhibitory effect of 
an enhanced acid based feed additive (acidifier; Biotronic Top3 from 
BIOMIN) containing formic, propionic, and acetic acids combined with 
cinnamaldehyde and a permeabilizing complex, on the immune response 
and bacterial colonization in laying hens with and without a Salmonella 
challenge. The acidifier was supplemented from the day of hatch to 28 
weeks of age . Birds were either vaccinated or left unvaccinated at 14 
and 16 weeks of age, and half the hens within the vaccinated treatment 
and all of the unvaccinated hens were challenged with Salmonella at 24 
weeks of age, resulting in a 3 × 2 factorial arrangement of treatments . 
Each treatment was replicated in 24 feeders of 8 hens per replication . 
Results were analyzed using 2-way ANOVA followed by Tukey’s honest 
significant test when main effects were P < 0 .05 . Intestinal bacterial 
colonization, cytokine expression, antibody levels and villi length/crypt 
depth were assessed . In the absence of Salmonella challenge, acidifier 
supplementation increased (P < 0 .03) villi length in vaccinated birds 
by 17%. Acidifier supplementation decreased (P < 0 .01) the levels of 
plasma IgA by 4% in unvaccinated birds at 3 d post-challenge. Acidifier 
supplementation also decreased (P < 0 .01) the levels of bile IgA by 10% 
in vaccinated birds at 24 d post-challenge. Acidifier supplementation 
also decreased (P < 0 .05) plasma IgG levels at 3, 22, 24, and 30 d post-
challenge in vaccinated birds by 27%, 22%, 43%, and 7%, respectively . 
The decrease in antibody levels in acidifier-supplemented birds suggest 
a positive resistance against the Salmonella colonization and infection .

Key Words: acidifier, cinnamaldehyde, intestinal health, permeabi-
lizing complex, organic acid

156   Effect of feeding yeast nucleotides (Maxi-Gen Plus) 
to broiler chickens challenged with Eimeria. Haley Leung*1, 
Mohamed Neijat1, Ryan Snyder1, Rob Patterson2, John Barta1, Niel 
Karrow1, and Elijah Kiarie1, 1University of Guelph, Guelph, ON, 
Canada, 2Canadian Bio-Systems Inc., Calgary, AB, Canada.

Nucleotides are involved in many biological processes at the cellular 
level and may have potential to attenuate or remedy structural and 
functional gut damage occasioned by coccidiosis . The effects of Maxi-
Gen Plus (MGP) on growth performance and gastrointestinal variables 
in broiler chickens challenged with Eimeria were investigated . A total 
of 360 d old male chicks (Ross 708) were placed in 24 floor pens and 
allotted to a corn-soybean meal diet without-MGP or with-MGP (500 
g/mt ton) . Birds had free access to diets and water for 17 d . On d 10, 
all birds in 6 pens/diet were orally given a 1-mL of Eimeria culture (E. 
acervulina and E. maxima sporulated oocysts) and the rest given 1 mL 

of distilled water (non-challenged control) . Feed intake (FI) and BW 
was assessed pre-and post-challenge and oocyte count from d 14 to 17 . 
On d 15, 5 birds/pen were sacrificed for intestinal lesion scores and 
histomorphology . There was no treatment (P < 0 .05) effect on growth 
performance pre-challenge . Interaction (P > 0 .01) between MGP and 
Eimeria was only observed for jejunal villi height (VH) such that MGP 
fed birds had higher (533 vs . 447 µm) VH than non-MGP birds follow-
ing pathogen challenge . Eimeria challenged birds had depressed (P < 
0 .05) BWG relative to non-Eimeria challenged birds, and they were the 
only birds that exhibited duodenal and jejunal lesion scores and oocyte 
shedding . Birds fed MGP had higher BWG (178 vs . 158 g, P = 0 .05) 
and a trend for lower FCR (1 .09 vs . 1 .29, P = 0 .078) compared with 
non-MGP birds . Supplemental MGP did not have effects (P > 0 .05) on 
intestinal lesion scores and oocyte shedding . In summary, Eimeria chal-
lenge resulted in growth depression and intestinal structural damage and 
supplemental MPG improved intestinal histomorphology and growth 
post-challenge .

Key Words: broiler chicken, yeast nucleotides, growth performance, 
intestinal histomorphology, Eimeria

157   Dietary protein level and indigested protein fraction 
modulate broiler chicken cecal fermentation metabolites. Dervan 
Bryan*, Dawn Abbott, and Henry Classen, University of Saskatch-
ewan, Saskatoon, SK, Canada.

Indigestible dietary protein fermentation products have been suggested 
to negatively influence broiler performance due to their impact on health. 
This study evaluated the cecal protein fermentation metabolites of broiler 
fed 3 dietary protein levels (24, 26 and 28%) with low or high indigest-
ible protein (LIP, HIP) . Two completely randomized 3 × 2 factorial trials 
were conducted with dietary protein level and indigestible protein as the 
main factors . Ross 308 males (1,200 birds) were randomly assigned to 
24 litter floor pens for 32 d (trial 1) or 216 birds were assigned to 36 bat-
tery cages for 21 d (trial 2) . In both trials, birds received 6 diets (24-LIP, 
24-HIP, 26-LIP, 26-HIP, 28-LIP, 28 HIP) formulated to broiler grower 
nutrient specifications and containing no medication. On d 5, trial 1 birds 
were vaccinated in feed and water with Coccivac-B52 . Cecal samples 
were collected from 16 birds per treatment at d 14 and 28 (trial 1), 36 
per treatment at d 21 (trial 2) and then the contents were analyzed for 
protein fermentation metabolites. Differences were considered signifi-
cant when P ≤ 0.05. At d 14 LIP diets had greater histamine, agmatine 
and cadaverine levels while HIP diets resulted in increased serotonin, 
tryptamine, and spermidine levels . The effects of indigestible protein 
remain the same for histamine, serotonin and tryptamine at d 28, but 
protein level (28 = 26 > 24) only affected tryptamine . There were no 
effects of treatment on ammonia at d 14 or 28 . As in trial 1, the same 
effects of indigestible protein were observed for histamine, agmatine, 
cadaverine, serotonin, tryptamine, and spermidine at d 21 for the cage 
non-vaccination birds . Protein level affected tryptamine (26 > 24 with 
28 intermediate) and cadaverine (28 > 26 = 24) . Interactions between 
protein level and indigestible protein influenced tyramine, spermidine 
(28-LIP > 24-LIP) and spermine with values increasing with protein 
level for LIP diets and remaining constant for HIP diets . The interac-
tion between dietary protein and indigestible protein levels affected 
ammonia levels with the interaction being similar to interactions for 
biogenic amines . In conclusion, dietary protein and indigestible protein 
levels influence broiler cecal protein fermentation metabolites and those 
effects varied with coccidiosis vaccination and rearing environment .

Key Words: undigested protein, antibiotic-free, protein fermentation 
metabolites, chicken, coccidiosis vaccination
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158   Differences of animal or vegetable diets on broiler per-
formance and intestinal integrity. Bruna Luiza Belote*2, Gabriela 
Cardoso Dal Pont2, Josiane Panisson2, Jessica Wammes2, Leticia Bit-
tencourt1, Alex Maiorka2, and Elizabeth Santin2, 1DSM, São Paulo, 
Brazil, 2Federal University of Parana, Curitiba, Brazil.

The aim of this research was to evaluate performance and gut health 
through histological analysis of ileum in broilers fed with vegetable or 
animal diet with or without enramycin as antibiotic growth promoter 
(AGP) . A total of 900 one-day-old male Cobb broilers were randomly 
assigned in a factorial design 2 × 2 (animal and vegetable diets and with 
or without AGP) with 4 treatments, 9 replicates of 25 birds each one . 
Treatments were: animal diet without AGP (AD); vegetal diet without 
AGP (VD); animal diet with AGP (ADAGP) and vegetable diet with 
AGP (VDAGP) . The AGP were added 10 ppm in starter and grower 
(1–35d) and 5 ppm in finisher diets (36–42d). The vegetable diet was 
based on corn-SBM and rice meal, and the animal diet was based on 
corn-SBM, meat meal and rice meal . At one-day-old, all birds were 
challenged with 15 times the recommended dose of Eimeria vaccine 
(Bio-Coccivet R) in the drinking water . Body weight gain (BWG), feed 
intake (FI) and feed conversion ratio (FCR) were evaluated at 21, 35 
and 42d . At 21 and 28d, 12 birds per treatment were necropsied to col-
lect ileum samples for microscopic evaluation using the method ISI – I 
See Inside, were measured: lamina propria thickness (LPT), epithelial 
thickness (ET), proliferation of enterocytes (PE), epithelium inflam-
mation (EI), mixed inflammatory cell infiltration (MICI), increase of 
goblet cells (IGC), congestion (C), necrosis (N) and presence of oocysts 
(OC) . Data were submitted to ANOVA and means compared by Tukey’s 
test at 5% probability . At 21d, the ADAGP presented higher FI than 
the other groups; the BWG was higher (P < 0,05) than AD and there 
was no difference in the total ISI index between treatments . The FCR 
was better at 21d for AD than other groups, but at 35 and 42d, AD and 
VDAGP had best results (P < 0,05) compared with other groups . At 
35 and 42d, the group ADAGP showed higher (P < 0,05) FI compared 
with others, and there was no difference for BWG among treatments . 
At 28d, the ileum histological analysis showed that the groups AD and 
ADAGP had lower score lesions (P < 0,05) compared with VD, in spe-
cial for the LPT, ET and MICI . The results demonstrated that broilers 
fed with animal diet improved the gut health studied parameters, when 
compared with the vegetable diet group, which leads to an improvement 
on broilers performance .

Key Words: animal byproduct meals, intestinal health index, histo-
pathology, growth promoters, coccidiosis

159   Effects of prebiotic yeast cell wall on starter broiler 
performance, intestinal morphology and ileal digestibility in a 
Clostridium perfringens challenge model. Raghad Abdaljaleel*1, 
Morouj Al-Ajeeli1, Hector Leyva-Jimenez1, Akhil Alsadwi1, J . Byrd2, 
and Christopher Bailey1, 1Texas A&M University, College Station, 
TX, 2USDA, College Station, TX.

The aim of this study was to investigate the effects of a prebiotic yeast 
cell wall (YCW) in broilers fed diets with an available threonine to 
lysine ratio 0 .58:1 using a Clostridium perfringens challenge model . 
Two hundred forty 1-d-old Ross 308 broiler chickens were distributed 
in 2 Petersime battery brooder units (48 pens; 5 birds per pen) . Four 
treatments were assigned to pens for a 21 d trial . A basal diet with 
22% protein, 2980 Kcal/Kg ME and 1 .23% available lysine and 0 .71% 
threonine was prepared and divided into 4 equally sized portions with 
or without 250 ppm YCW . Birds were vaccinated with a commercial 
infectious bursal disease vaccine via eye drop at 10 d of age followed 
by Clostridium perfringens challenge on d 16 and 17 of the study . 

Birds and feed were weighed by pen and the weights recorded on d 10, 
16 and 21 of the experiment for general performance data . Titanium 
dioxide was used as an indigestible marker to calculate apparent and 
standardized ileal digestibility . At d 21, samples from ileum digesta 
and small intestine tissues (jejunum and ileum) were collected . Villi 
height, crypt depth, villi width and villi height to crypt depth ratio 
were measured for the intestinal tissues . Data were analyzed as a 2×2 
factorial using the General Linear Model for the 4 treatments with main 
effects for YCW and challenge, as well as interaction and block effect . 
Results indicate that the YCW showed a significant main effect for 
performance parameters at d 10 of the study . At d 16 after inoculated 
with infectious bursal disease vaccine, the results showed that there was 
a significant main effect for YCW. Estimates for highest body weight 
(549 g), productivity index (258), and best phase feed to gain (1 .39) 
and feed conversion ratio (1 .21) were observed with diets containing 
YCW . At d 21, the non-challenged treatment with YCW 250 ppm was 
significantly different from other treatments with a higher productivity 
index. There were no significant differences in intestinal morphology 
parameters and ileal digestibility results .

Key Words: threonine, prebiotic, yeast cell wall, performance, 
digestibility

160   Development and inoculation of a simplified microbiota 
in germ-free chickens and examination of the effect of co-inoc-
ulation with Bacillus subtilis C-3102 on gastrointestinal tract 
development. Tomohiro Hamaoka*, Jason Marshall, and Andrew 
Van Kessel, University of Saskatchewan, Saskatoon, SK, Canada.

Bacillus spp . are supplemented in broiler chicken diets globally although 
the mechanism(s) by which Bacillus probiotics provide health and 
or performance benefits are not well understood. Bacillus spp . may 
directly interact with the host mucosa to improve gut health or they 
may act indirectly by modifying the gut microbiota . Unfortunately, the 
complexity of the gut microbiota challenges assessment of direct and 
indirect mechanisms . We therefore inoculated germ-free chickens with a 
simplified microbiota (SM) to study bacteria-bacteria and bacteria-host 
interactions with less complexity . Fertilized eggs (Ross308) were sani-
tized and hatched in 4 sterile gnotobiotic isolators (16 birds/isolator) . At 
1 d of age, all chicks were given (p .o .) 0 .5 mL of a SM, containing 108 cfu 
per mL of each of Bacteroides fragilis BCT06, Lactobacillus salivarius 
LCT01, Clostridium butyricum CLS01, Enterococcus faecalis ENT03 
and Escherichia coli ECL01 . Birds in 2 isolators received feed inoculated 
with Bacillus subtilis C-3102 (BS) spores (3x105 cfu/g) . Birds (8 birds/
isolator) were killed at 7 and 14 d of age for measurement of body weight, 
organ size, ileal gene expression and microbial colonization . Data were 
analyzed by 2-way ANOVA using BS and age as main effects . Culture 
and molecular analysis of contents identified all 5 species in all birds 
without evidence of contaminating species . BS reduced (P < 0 .05) the 
number of E.coli and E. faecalis, relative weight of gizzard and liver 
and relative length of jejunum, ileum and cecum . Relative expression 
of interleukin-8 and toll-like receptor-2 were upregulated (P < 0 .05) in 
BS group . Aminopeptidase N and Peptide Transporter-1 tended to be 
increased (P < 0 .10) in BS group at d7 and were significantly upregulated 
(P < 0 .05) at d14 . Tight junction proteins Claudin (CDN) 1 and CDN5 
were reduced (P < 0 .05) by BS at d7 only . All species represented in 
the SM colonized the ex-germ-free chicken gastrointestinal tract and 
appeared to form a stable community . BS supplementation appeared 
to modify relative abundance of species represented in the simplified 
microbiota associated changes in ileal gene expression that could medi-
ate performance and health benefits previously reported.

Key Words: Bacillus subtilis C-3102, germ-free, probiotic, broiler
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161   Effect of a commercial blend of cashew nut shell liquid 
and castor oil on the microbiota of broilers challenged with Eime-
ria spp. Priscila Moraes*1, Fernanda Gouvêa1, Bruna Schroeder1, 
Lucas Villela1, Joan Torrent2, and Andrea Ribeiro1, 1Universidade 
Federal do Rio Grande do Sul, Porto Alegre, Brazil, 2Oligo Basics, 
Cáscavel, Brazil.

The objective of this study was to evaluate the effects of a commercial 
mixture of cashew shell liquid and castor oil (Essential, Oligo Basics 
Agroind . Ltda ., Cascavel, Brazil) on the microbiota of Eimeria spp . 
challenged broilers . A total of 864 one-day-old male chicks (Cobb) 
were randomly assigned to 6 treatments (8 pens/treatment and 18 birds/
pen) in a 3 × 2 factorial design with 3 additives: control (no additive), 
100 ppm of monensin, and 0 .15% of Essential; and 2 challenge levels 
at 14 d of age: no challenge and inoculation by gavage of 1 mL of a 
solution containing sporulated oocysts of E. tenella, E. acervulina, 
and E. maxima . Through the quantitative polymerase chain reaction 
technique (qPCR) the following bacterial groups were evaluated 14 d 
after the coccidiosis challenge: bacterial domain, Lactobacillus spp ., 
Bifidobacterium spp ., Enterococcus spp., Clostridium cluster_ XIV, 
Escherichia coli, Salmonella enterica, Staphylococcus aureus and 
Clostridium perfringens . Data were analyzed using PROC GLM (SAS 
9 .2) by ANOVA . The statistical model included the effects of additive 
and challenge, as well as their interactions . Both monensin and Essential 
increased the number of copies of Lactobacillus spp ., in non-challenged 
birds compared with the control (P < 0 .05) . However, Essential number 
of copies were greater than the number for monensin (P < 0 .05) . Also, 
monensin and Essential decreased the number of copies of C. perfrin-
gens and E. coli in non-challenged birds (P < 0 .05) . Challenging birds 
with Eimeria and supplementing with monensin decreased the number 
of copies of the Bacterial Domain and of E. coli (P < 0 .05) . Finally, 
Essential supplementation decreased the number of copies of Enterococ-
cus spp ., S. aureus and most importantly, it also decreased the number 
of copies of Clostridium cluster_XIV, and C. perfringens (P < 0 .05) 
in challenged birds . No other effects by either additive or challenge 
were seen . In conclusion, the commercial mixture of cashew nut shell 
liquid and castor oil acted as a beneficial modulator in the microbiota 
of Eimeria spp . challenged broiler, mainly by reducing the number of 
copies of C.perfringens.

Key Words: coccidiosis, essential oils, gut health, microbiota, 
monensin

162   Effects of dietary Microfused Essential Oils technology 
on growth performance, jejunal histology, and meat quality of 
coccidiosis-challenged broilers. Samantha Welu*1, Jon Holt2, Keith 
Underwood1, Crystal Levesque1, and Robert Thaler1, 1South Dakota 
State University, Brookings, SD, 2Ralco Nutrition Inc., Marshall, MN.

An experiment was conducted to determine the effects of Ralco’s 
Microfused Essential Oils (MEO) on growth performance, jejunal his-
tology, and meat quality of coccidiosis-challenged broilers . MEO is a 
commercially available product that is a proprietary blend of oregano, 
thyme, and other essential oils subjected to a patented micronization 
process . Day old broilers (n = 768), housed in battery brooders (64 
pens), were randomly allotted to one of 5 dietary treatments fed in 4 
phases: starter (d0–16), grower (d17–27), finisher (d28–34), and with-
drawal (d35–41) . Diets were a corn-soybean meal basal diet (CON), 
CON+BMD50/Coban90 at 55/121, 250/550, 250/495 and 0 g/tonne 
(ANTI), CON+MEO at 375, 250, 125, and 100g/tonne (MEOD), 
CON+MEO at constant 500g/tonne (MEO500), and CON+MEO at 
constant 250g/tonne (MEO250) . There were 12 reps for the CON treat-
ment, but 13 reps for the remaining treatments due to pen limitations . 

Broilers were given a 10X dose of coccidiosis vaccine on d 3, 15, 22, 
and 29 to induce challenge . On d 14, a jejunal segment was collected 
for measurement of villus height and crypt depth . Rancidity compounds 
(TBARS) were measured on 2 broilers per pen on whole breasts at d 
7 postmortem and ground thigh meat on d 0, 3, 5, and 7 postmortem . 
ANTI (543, 1464, 2071 ± 8 g) and MEO250 (545, 1454, 2063 ± 16 g) 
supplemented broilers were heavier than CON (494, 1384, 1972 ± 19 
g) at d17, 28, and 35, respectively (P < 0 .01) . ANTI- and MEO250-fed 
broilers had increased gain over CON-fed in the starter (29 .7, 29 .8, and 
26 .8 ± 0 .5 g; P < 0 .01) and ANTI-fed had a tendency for greater gain 
than CON-fed (83 .9 vs 80 .6 ± 0 .9 g; P = 0 .08) in the grower phase . In 
the withdrawal phase, ME250-fed broilers had a tendency for greater 
gain over ANTI-fed (98 .5 vs 91 .4 ± 2 .1 g; P = 0 .1) . MEOD-fed broilers 
tended to have greater villus height over MEO500-fed (806 .6 vs 716 .3 ± 
27.7 μm; P = 0 .09), but there was no difference in crypt depth or villus 
height:crypt depth . No differences were observed for TBARS of breasts . 
ANTI, MEOD, MEO500, and MEO250 had decreased TBARS values 
for ground thighs compared with CON at d 5 and 7 postmortem (trt × 
day P = 0 .01) . Overall, growth performance of MEO250 was notably 
similar to ANTI during peak challenge . MEO250 has the potential to 
improve growth performance and meat quality when broilers are sub-
jected to a coccidiosis challenge .

Key Words: essential oils, broiler, growth, histology, meat quality

163   Dietary supplementation of Allium hookeri improved 
intestinal immune response on necrotic enteritis of young broiler 
chickens. Youngsub Lee*1, Sunghyen Lee2, Sungteak Oh1, and Hyun 
Lillehoj1, 1USDA-ARS, Beltsville, MD, 2RDA, Wan-ju, Jeollabuk-do, 
Korea.

This study was conducted to evaluate the effects of supplementary 
dietary Allium hookeri (AH) root on intestinal immune response and 
inflammation against necrotic enteritis (NE) in young broiler chickens. 
At d 1st, 3 hundred birds were randomly assigned to 6 groups (n = 50 
birds/treatment) and fed with basal diet (control) or basal diet supple-
mented with AH root (1 or 3%) . At day14th, half birds in each group were 
orally challenged with E. maxima 41A (1 × 104/chicken) followed by C. 
perfringens infection (1 × 109 cfu/chicken) at day18th . NE-associated 
clinical sign and intestinal immune response were assessed by average 
body weight gain, lesion score and Oocyst shedding . The effect of dietary 
supplementation AH on transcript levels of pro-inflammatory cytokines, 
tight junction and mucin protein in jejunum were quantified by qRT-PCR. 
At d 20th, body weight of birds fed with diet supplementation 3% of 
AH was significantly higher than basal diet group. However NE chal-
lenge significantly reduced average body weight gain compared with 
non-infected groups . Among the NE challenged groups, gut lesion score 
and Oocyst shedding were significantly decreased in birds were given 
AH (1 or 3%) compared with basal diet group . NE challenge induced 
increased transcript levels of Pro-inflammatory cytokines including 
interleukin (IL)-1, IL-6, IL-8, IL-17α tumor necrosis factor superfam-
ily member 15 (TNFSF15) and LPS-induced tumor necrosis factor-a 
factor (LITAF). However IL-8, IL-17α and LITAF were decreased by 
AH (1 or 3%) supplementation . Downregulated expression levels of 
tight junction proteins (junctional adhesion molecule 2 (JAM2) and 
occludin) and intestinal mucin 2 (MUC2) by NE challenge was reversed 
by AH (1 or 3%) supplementation. These finding demonstrated dietary 
supplement of broiler chickens with AH could be beneficially used to 
improve against NE model or other poultry disease .

Key Words: Allium hookeri, broiler chicken, inflammation
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164   Comparative efficacy of dietary zinc sources for the 
mitigation of the impact of necrotic enteritis in coccidial chal-
lenged broiler chickens. Cristiano Bortoluzzi*1, Brett Lumpkins2, 
Gregory Mathis2, W . King3, Daniel Graugnard3, Karl Dawson3, and 
Todd Applegate1, 1The University of Georgia, Athens, GA, 2Southern 
Poultry Research Inc., Athens, GA, 3Alltech Inc., Lexington, KY.

Zinc is an essential micromineral required for growth of animals, and 
influence intestinal development and/or regeneration during and after 
enteric diseases . The objective of this study was to compare the effects of 
2 sources of zinc (inorganic and organic) on the performance, intestinal 
integrity, and expression of immune-related genes of broiler chickens 
submitted to a necrotic enteritis (NE)- infection model . One-day-old 
male Cobb 500 broiler chickens were fed dietary treatments in a 2x2 
factorial design (8 cages/treat; 8 birds/pen) with 2 dietary formulations 
(90 mg/kg of either ZnSO4 or organic Zn- Bioplex Zn, Alltech Inc .), 
with or without NE challenge . On d 14, each bird was orally gavaged 
with ~30,000 Eimeria maxima sporulated oocysts . On d 19- 21 the NE 
birds were given a broth culture of Clostridium perfringens (CP; 108 
cfu) . Feed intake (FI), body weight gain (BW gain) and feed conver-
sion ratio (FCR) were assessed at d 21 and 28 . On d 21, 3 birds from 
each cage were scored for NE lesion, and intestinal permeability was 
measured by FITC-dextran and its passage into the blood; jejunum 
and cecal tonsils were collected for morphology and gene expression 
analysis . On d 21, organic Zn tended to improve BW gain by 18 .6% (P 
= 0 .07), and FCR by 12% (P = 0 .09) in NE-challenged chickens . At d 
28, organic Zn increased BW gain (P = 0 .02), and improved FCR (P 
= 0 .03); NE, on the other hand, impaired FCR by 8% (P = 0 .04) . NE 
lesions were only observed when chickens were given CP (P < 0 .001), 
and mortality due to NE was only observed when CP-challenged birds 
were fed ZnSO4 (P = 0 .001) . Organic Zn increased villus height in the 
jejunum (P = 0 .005), and decreased intestinal permeability (P = 0 .01) . 
In the jejunum, organic Zn downregulated mRNA expression of IL-8 
(P = 0 .02), upregulated IL-10 (P = 0 .05) and tended to upregulate (P 
= 0 .07) zonula occludens-1 in NE-challenged birds vs . ZnSO4- NE 
birds . As main effect, organic Zn also upregulated mRNA expression of 
TLR-2 (P = 0 .02) and sIgA (P = 0 .01) . In the cecal tonsils, organic Zn 
upregulated iNOS (P = 0 .008) in NE-challenged birds vs . ZnSO4- NE 
birds, and tended to upregulate A20 (main effect; P = 0 .08) . Organic 

Zn supplementation counteracted the negative effects of NE on the 
productive performance of broiler chickens, by reducing the intestinal 
translocation and attenuating intestinal inflammation.

Key Words: organic zinc, necrotic enteritis, broiler

165   Zinc source influences the gene expression of zinc trans-
porters in the jejunum and cecal tonsils of broilers challenged 
with coccidia and Clostridium perfringens. Bin He*2, W . King3, 
Daniel Graugnard3, Karl Dawson3, Cristiano Bortoluzzi1, and Todd 
Applegate1, 1The University of Georgia, Athens, GA, 2University of 
Georgia-Sichuan Agricultural University, Athens, GA, 3Alltech-Uni-
versity of Kentucky Nutrition Research Alliance, Lexington, KY.

This experiment was conducted to study the effects of dietary zinc (Zn) 
source on gene expression of Zn transporters (metallothionein (MT), 
ZIP3, 5, 8, 9, 10, 11, 13, and 14 and ZnT 1, 4, 5, 6, 7, 9 and 10) in the 
jejunum and cecum tonsils during broiler challenge with coccidia or 
coccidia and Clostridiumperfringens  . A 2 × 2 factorial design was 
used with 2 Zn sources (90 mg Zn/kg from either ZnSO4 or an organic 
Zn-BioPlex Zn, Alltech Inc .) and challenged with 30,000 oocysts of 
E . maxima with or without C. perfringens (108 cfu/bird) at 18, 19, and 
20 d of age (8 pens per treatment and 8 birds per pen) . In the jejunum, 
organic Zn fed birds had lower ZIP 5 and 11,higher ZnT1; as well as 
an interaction of challenge by Zn source wherein ZnT10 was unaf-
fected by the C. perfringens in the organic Zn treatment but was 2 .7 
fold lower in the co-infected ZnSO4 fed birds . Notably, MT, ZIP 3, 8, 
9, 10, 13 or 14 and ZnT, 4, 5, 7, and 9 were unaffected by Zn source 
and/or route of challenge in this study . An interaction of challenge by 
Zn source was also noted for serum Zn, wherein concentrations were 
reduced with the C. perfringens challenge for ZnSO4 but not the organic 
Zn fed birds (P = 0 .057) . Based on expression of ZnT and ZIP genes, 
it appears there were more Zn trafficking effects attributable to dietary 
Zn source and challenge in the jejunum than cecal tonsils, but further 
studies are needed to ascertain intracellular free Zn concentrations and 
whole-body Zn status .

Key Words: zinc, broiler, coccidia, Clostridium perfringens, gene 
expression
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166   Primordial germ cell-based biobanking of Hungarian 
indigenous chicken breeds. Bence Lazar*1, Roland Tóth1, Alex-
andra Nagy2, Mahek Anand3, Krisztina Liptói4, Eszter Patakiné 
Várkonyi4, and Elen Gócza1, 1NARIC, ABC, Godollo, Hungary, 2Vet-
erinary Science University, Budapest, Hungary, 3SZIU, Doctoral 
School of Animal Husbandry Science, Godollo, Hungary, 4Research 
Centre for Farm Animal Gene Conservation, Godollo, Hungary.

Nowadays most of the economically important or indigenous chicken 
breeds are preserved in in situ populations, which poses numerous 
risks, such as epidemics (e.g., avian influenza), environmental disasters, 
inbreeding and management failure . Therefore, germplasm preserva-
tion in poultry is a high priority, although it is faced with difficulties. 
Embryo cryopreservation is not yet established and semen conservation 
lacks the ability to preserve the W chromosome and the mitochondrial 
DNA . Currently, the most promising solution is the cryopreservation 
of primordial germ cells (PGCs) . In this study, by utilizing the unique 
nature and accessibility of PGCs (they use the vascular system during 
their migration toward the genital ridge), biobanks for 2 of the indigenous 
Hungarian chicken breeds (Partridge color, Transylvanian Naked Neck) 
were established to conserve their genetic resources . Blood samples 
were collected from each embryo individually, and then the isolated 
blood, containing the PGCs, was cultured in a PGC selective medium 
for 3 weeks . After that, PGC samples were collected for DNA, RNA 
isolation and immunohistochemistry to characterize the quality of the 
cultured lines . As a next step, parallel vials were frozen from each PGC 
line, and they have been stored in liquid nitrogen since then . To evaluate 
the freezing process and to prove the functional integrity and migration 
ability of PGCs after long-term in vitro cultivation, some of the vials 
were thawed and the cells were injected into recipient embryos . The 
cells were labeled with an in vivo fluorescent dye, thus the migration of 
the injected cells was followed toward the developing gonads, and the 
ratio of the colonization was analyzed . During the study, 26 individual 
PGC lines from Transylvanian Naked Neck chicken and 21 lines from 
Partridge color Hungarian chicken were established with a derivation 
rate of 46,4% and 31,1% respectively . The PGC lines were frozen and 
then successfully thawed with a cell viability of around 50% in both 
lines . The preserved cells were capable of colonizing the gonads of the 
recipient embryos. This is the first demonstration of a successful PGC-
based cryopreservation system applied to Hungarian indigenous breeds 
and the first initiative in Hungary to establish a biobank based on PGCs.

Key Words: germplasm, cryopreservation, biobanking, primordial 
germ cells (PGCs), Hungarian indigenous breeds

167   Differences in jejunal gene expression of two chicken lines 
divergently selected for antibody response to sheep red blood 
cells. Shelly Nolin* and Christopher Ashwell, North Carolina State 
University, Raleigh, NC.

For over 30 generations 2 lines of White Leghorn chickens have been 
undergoing continuous divergent selection for high (HAS) or low (LAS) 
antibody titer to sheep red blood cells (SRBCs) at 5 d post injection . 
This has been a well-utilized model for immunology and genetic trials, 
and many differences between the lines have been observed in terms of 
performance and response to diseases . However, little has been done to 
study native molecular differences between lines, so the purpose of this 
experiment was to examine differences in gene expression in the jejunum 
of non-SRBC injected birds . Eggs from both lines were obtained from 
Virginia Polytechnic Institute and State University (Blacksburg, VA) and 

co-incubated until hatch, after which all chickens were housed and raised 
together in mixed cages . At 46 d of age, 6 chickens from each line were 
euthanized and jejunum samples were collected for RNA isolation . RNA 
was isolated using the RNeasy kit by Qiagen and then sent to the NC 
State University Genomics Sciences Laboratory for library preparation 
and sequencing on the Illumina HiSeq 2500 sequencer . RNA sequence 
data were analyzed using NGS RNA analysis tools, TopHat and Cuf-
flinks (statistical significance threshold of q < 0.05) available at galaxy.
org. Significant differences in gene expression were observed between 
lines with over 4 times as many genes upregulated in HAS as compared 
with LAS . Not surprisingly, many of the upregulated HAS genes are 
involved with immune response, particularly interferon signaling and 
antigen processing . Genes upregulated in LAS largely involve fatty 
acid transport and cell membrane integrity . Understanding native gene 
expression provides insight into the ways in which energy resources are 
allocated within an organism . It has previously been reported that HAS 
is slower growing with delayed performance compared with LAS, and 
the increased immune system related gene expression could indicate 
priority resource allocations to these systems over growth and perfor-
mance, further supporting those observations . More research is needed 
to better understand the effects of genetic selection on physiology to 
optimize genetic selection for performance and health .

Key Words: gene expression, RNA sequencing, antibody response, 
genetic selection, HAS/LAS

168   Time course transcriptional analysis of response to New-
castle disease virus infection and heat stress in two genetically 
distinct inbred chicken lines in Harderian gland tissue. Perot 
Saelao*1, Ying Wang1, Ali Nazmi1, Rodrigo Gallardo1, David Bunn1, 
Terra Kelly1, Susan Lamont2, and Huaijun Zhou1, 1University of Cali-
fornia–Davis, Davis, CA, 2Iowa State University, Ames, IA.

Biotic and abiotic factors can influence the production potential of both 
small and large scale poultry flocks. Newcastle disease virus (NDV) and 
heat stress are 2 major limiting factors that can disrupt physiological 
processes, and alter the hosts’ ability to mount an effective immune 
response, which could result in significant economic losses. RNA 
sequencing enables a comprehensive profiling of the activities of genes 
at the transcriptional level and evaluates the molecular mechanism 
of disease response during heat stress . The objective was to identify 
functionally relevant genes and biological pathways associated with 
response to NDV infection while under heat stress . Two genetically 
distinct inbred chicken lines (Fayoumi and Leghorn) were heat treated 
continuously at 35C on d 14, then challenged with NDV or PBS at 21 
d old . At 2 d post-infection (DPI), 6 DPI, and 10DPI, Harderian gland 
tissue was collected (4 individuals per line per treatment) and total RNA 
was then extracted and used to conduct gene expression analysis with 
an FDR <0 .1 . Analysis found 9, 38, and 2,867 differentially expressed 
genes (DEG) for Fayoumi at 2, 6, and 10 DPI with only the PRKCD 
gene shared across all time points . Leghorn had 18, 3,993, and 50 DEG 
at 2, 6, and 10 DPI, respectively . Pathway analysis of the 2 lines found 
an enrichment of immune related pathways in the Fayoumi data set with 
a significant enrichment in the AGE/RAGE pathway, which is involved 
in innate immunity and regulating heat stress . These genes and pathways 
offer potential targets for further investigation into their roles in respond-
ing to infection during heat stress . Funding provided by US Agency for 
International Development (USAID) AID-OAA-A-13-00080 .

Key Words: host immune response, genomics, RNA-Seq
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169   Capture array genomic analysis of the causative region 
for wingless-2, a developmental syndrome in the chicken. Ingrid 
Youngworth* and Mary Delany, University of California–Davis, 
Davis, CA.

Research on developmental disorders using well-characterized animal 
models improves our understanding of relevant pathways for both animal 
and human systems . A mutation in chicken, wingless-2 (wg-2), is an 
embryonic lethal characterized by absence of wings, truncated legs, cra-
niofacial defects, and kidney malformations . The mutation is autosomal 
recessive and heterozygous carriers are normal . To facilitate genetic and 
genomic research of wg-2, carrier birds were backcrossed repeatedly 
into a highly inbred line and then maintained as a closed congenic inbred 
population . Mapping and genotyping determined that the causative 
mutation resides within a 227-kb region of chromosome 12 . Recently 
a capture array was created to specifically target sequence from the 
candidate region and flanking DNA. The captured DNA was sequenced 
at high depth of coverage in 18 mutants, 2 homozygous normal siblings, 
and 4 carrier parent birds . This comparative data set allows for iden-
tification of that subset of variants linked to and potentially causative 
of the wg-2 mutation as well as distinguishing authentic variants from 
artifacts . One to 2 thousand single nucleotide polymorphisms (SNPs) 
were found in the 300 kb captured region for each individual . A large 
number of the SNPs are novel, not previously reported (as per the NCBI 
dbSNP database) . An analysis of the genotypic differences of these SNPs 
between mutant, carrier, and wild type birds indicates that the region 
retaining the causative wg-2 mutation is now less than 120 kb in size . 
Approximately 500 informative and therefore potentially causative 
SNPs remain in this region, along with 2 confirmed genes that contain 
106 of these SNPs . Further details on the variants in the region and their 
priority for likely contribution to the phenotype will be discussed . This 
research will contribute to understanding an important human congenic 
disorder as this multi-system syndrome is phenotypically similar to 
human tetra-amelia, which is also autosomal recessive, characterized 
by lack of limbs, and exhibits urogenital abnormalities . Continued work 
on wg-2 therefore enhances an invaluable genetic resource useful for 
elucidating human and vertebrate development pathways with specific 
attention to the chicken . Supported by USDA-NIFA Animal Genome 
Research Program (NRSP-8) .

Key Words: SNP, genetics, mutation, wingless-2, breeding

170   The effects of feeding a diet high in methyl donors on 
Japanese quail. Chelsea Phillips*1, Roselina Angel2, and Christo-
pher Ashwell1, 1North Carolina State University, Raleigh, NC, 2Uni-
versity of Maryland, College Park, MD.

Much speculation surrounds the parental influence or epigenetic effects 
on progeny performance. Several genomic modifications have been 
shown to be inherited from parent to offspring including methylation 
of DNA in the form of 5-methylcytosine . Changes in DNA methylation 
leads to changes in gene expression and ultimately phenotypes, which 
can affect the health and growth of the bird . The addition of methyl side 
chains to DNA inhibits the access of transcription machinery to DNA 
for the transcription process . Dietary nutrition has been shown to impact 
the DNA methylation pattern and a diet that is high in methyl donors 
may increase DNA methylation that can be seen in the progeny . For 
the first generation of this multi-generational trial, 300 Japanese quail 
were placed in a brooder at day of hatch .150 chicks received a control 
diet, while the remaining 150 received a control diet with the addition 
of methyl donors added on top . The methyl donors included 7030 mg/
kg choline chloride, 5 mg/kg betaine, 1 .5 mg/kg Vitamin B12, 7 .5 mg/
kg folic acid, 12 mg/kg pyridoxine, and 99 mg/kg zinc sulfate . Weekly 

BW were recorded at 28 d and the body composition was analyzed from 
60 quail, 30 from the high methyl donor diet and 30 from the control . All 
comparisons were analyzed using JMP ANOVA . The remaining birds 
continued the 2 diets for reproductive performance analysis . At 21 d, 
quail receiving the diet high in methyl donors exhibited a significant 
increase in BW (P < 0 .001) . Impact on body composition was observed 
by significant increases in liver as a result of the high methyl donor diet 
(P = 0 .003) . Analysis of global DNA methylation in liver from the 2 
diets showed a significant increase in %5-methylcytosine in birds fed 
the high methyl donor diet from 1 .1 to 1 .6% (P = 0 .03) . Continuation 
of this trial will evaluate dietary methyl donor effects on reproductive 
and growth performance, gastrointestinal microbiome, gene expression, 
and individual gene methylation patterns . This data indicates a change 
in DNA methylation, which can alter gene expression without altering 
the genome itself . Similar studies in mice have shown that feeding a 
diet high in methyl donors can lead to phenotypic changes along with 
improved health and life span of individuals . Manipulation of breeder 
diets to impart positive epigenetic effects on progeny may be a useful 
alternative to growth promotor use in market birds and be of significant 
economic impact to the poultry industry .

Key Words: DNA methylation, epigenetics, gene expression, methyl 
donors, growth

171   Comparison of fecal bacteria richness and functional gene 
prediction between broiler and layer chickens. Liliana Nolasco 
Isaula*, Justin Dobbs, and Rosemary Walzem, Texas A&M, Bryan, 
TX.

Discontinuation of antibiotic growth promoters requires new strate-
gies to maintain intestinal health in poultry . Intestinal microbiota can 
confer host protection from pathogenic bacteria . The evolution of a 
healthy gut microbiota in different commercial chicken lines remains 
poorly documented . We sought to analyze and compare the evolution of 
bacterial richness (i.e., α-diversity, AD) and computationally estimated 
functional capacity (CEFC) in Hubbard-Hubbard broiler and Hy-Line 
layers chickens sharing the same environment and diet . We hypothesized 
that AD would increase with age, and that broilers and layers would 
acquire different CEFC . Fertile eggs were hatched together and chicks 
placed (n = 5 per strain) in the same rearing environment with new litter . 
Three non-medicated diets were used during the 7-week trial . Starter 
diet was provided from d 1 to 14 (22% crude protein, 3050 kcal/kg ME), 
grower diet from d 15 to 35 (20% crude protein, 3100 kcal/kg ME), and 
finisher diet from d 35 to 49 (18% crude protein, 3300 kcal/kg ME). 
Bacterial composition of freshly voided feces was determined for each 
bird at 1, 3, 5 and 7 weeks of age by 16S rRNA gene sequencing and 
CEFC prediction by PICRUSt estimation . Alpha-diversity estimated by 
Chao1 and Shannon indexes gave similar outcomes; values for Chao1 
are presented . At 1 week fecal microbiota of broilers and layers were 
similar in number and evenness (broiler = 2739, layer = 2641) . Chao1 
values dropped at wk 3 following transfer to the grower diet (broiler = 
2036, layer = 2178) by AD restoration at wk 5 . However, the magni-
tude of restoration differed in layers (44% increase) and broilers (12% 
increase) so that AD was greater in layers than broilers (p-value 0 .016) at 
wk 5 . Despite similar Chao1 values at wk 7, the CEFC of the microbiota 
differed between the broiler and layer strains, with 22 probable bacteria 
functions being greater in layers than in broilers . Additionally, in layers, 
the finisher diet resulted in significant increases in 10 bacterial functions 
when compared with CEFC estimated during starter and grower periods . 
In conclusion, AD increases to near peak at 1 week post hatch and can 
be affected by diet composition . In this study, fecal AD of layers was 
more responsive to diet than was that of broilers . Future studies are 
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required to evaluate if these AD and CEFC differences correlate with 
fecal microbial metabolites and diet composition in both chicken strains .

Key Words: microbiota, broiler, layer, 16S rRNA

172   The relationship between the microbiome in different 
sections of the gastrointestinal tract of broiler chickens fed a corn 
versus a rye based diets. Mikayla Baxter*1, Juan Latorre2, Si Hong 
Park2, Xiaolun Sun1, Billy Hargis1, Guillermo Tellez1, and Steve 
Ricke2, 1University of Arkansas, Prairie Grove, AR, 2University of 
Arkansas, Fayetteville, AR.

Poultry diets rich in non-starch polysaccharides such as rye decrease 
digestibility and performance and increase gut permeability and digesta 
viscosity . The purpose of this study was to evaluate the microbiome in 
chicks consuming a rye or a corn-based diet from hatch to 10 d of age . 
At 10 dof age birds were euthanized and samples of duodenum, upper 
and lower ileum were collected for microbiome analysis . The 2 cecal 
sacs were collected separately as right or left ceca . Each cecum was 
further separated in 3 section: top, middle and bottom . Bacterial genomic 
DNA was extracted from the samples, and the V4 region of 16S rRNA 
gene were amplified. Amplicons were sequenced on Illumina MiSeq, 
and microbial communities were analyzed by using QIIME . In the duo-
denum, there was no difference between the 2 treatments at phylum and 
family level . In the upper ileum corn-fed chicks had a higher percentage 
of Cyanobacteria at the level of the phylum and Aerococceceae at the 
level of the family (P < 0 .05) . In the lower ileum, rye-fed chicks had 
a significantly higher amount of Firmicutes than the corn-fed birds. At 
the level of the family, corn-fed chicks had higher amounts of Bacte-
roidaceae, Chitinophagaceae, Isosphaeraceae and Pirellulaceae than 
rye-fed chicks . The top of the left and right ceca had higher amounts of 
Actinobacteria in rye-fed birds . In the bottom left ceca, rye-fed chicks 
had a higher percentage of Actinobacteria and Proteobacteria; however, 
there were no differences between treatments in the right bottom ceca . 
At the family level at each ceca location, rye-fed chicks had a higher 
percentage of Lactobacillaceae and Clostridiaceae and corn-fed chicks 
had a higher percentage of Ruminococcaceae . In the top left ceca, the 
middle right ceca and top right ceca rye-fed birds also had significantly 
higher percentage of Peptostreptococcaceae than corn fed birds . The 
middle and lower sections of the right ceca and the middle of the left ceca 
also had a higher percentage of Coriobacteriaceae in corn-fed chicks . 
Corn fed chicks had higher percentage of Ruminococcaceae; however, 
rye-fed chickens had higher percentage of Lactobacillaceae . It is evident 
from this experiment that diet drastically effects the microbiome at the 
phylum and family level .

Key Words: microbiome, gastrointestinal tract, diet, broiler

173   Effect of DNA isolation methodology on gene expression 
of Clostridium perfringens alpha toxin in qPCR. Whitney Briggs*, 
Revathi Shanmugasundaram, Kim Wilson, and Lisa Bielke, OARDC, 
The Ohio State University, Wooster, OH.

Since 1983, polymerase chain reaction (PCR) has been used for multi-
farious purposes, and advanced assays such as quantitative PCR (qPCR) 
have been developed . In cases of necrotic enteritis, standard methods 
for evaluating infection severity include body weight gain and lesion 
scoring . Some research has adopted the task of measuring the quantity 
of Clostridium perfringens (CP) by extracting bacterial DNA from 
intestinal digesta and subjecting it to qPCR . But, to measure the CP 
quantity from the intestine, the DNA has to have a high level of purity 
due to the high sensitivity of qPCR and the presence of PCR inhibi-

tors in the samples . Many methods for bacterial DNA extraction have 
been published, but the success of extraction protocols are dependent 
on sample source, presence or absence of bacterial cell wall and the 
chromosomal or plasmid location of the target gene . To determine a 
sound DNA extraction method for ileal samples, we spiked ileal digesta 
samples with 106 cfu of CP and subjected the digesta to 4 extraction 
protocols . To evaluate the success of each protocol, we measured the 
final DNA concentration and assessed the purity by the absorbance 
ratios given at the wavelengths of 230, 260 and 280nm . Low ratios are 
associated with contamination possibly due to remaining extraction 
detergents or protein carryover, both of which can have an impact on 
the sample’s performance in qPCR. The averaged final DNA concen-
trations for extraction methods 1–4 were 101 .38, 354 .25, 29 .12, and 
380.07ng/μL respectively. Averages for the A260/280 and A260/230 ratios 
were 2 .18/1 .47, 2 .13/2 .19, 1 .41/0 .50 and 2 .05/2 .05 respectively . Each 
method had an individual standard curve developed using a 10-fold 
dilution from a concentrated extraction sample. Regression coefficient 
values (R2) were 0 .99, 0 .94, 0 (no replication) and 0 .99 respectively, 
with the efficiency percentage (E%) values being 109.10, 86.70, 0, 
89 .40% respectively . These variations in concentration, purity, R2 and 
E% for each protocol highlight the challenges in DNA extraction from 
intestinal samples . In conclusion, variable DNA extraction methods 
yielded different quantifiable DNA quality and cpa detection standard 
curves, and digesta conditions and source should be considered when 
selecting qPCR protocols .

Key Words: qPCR, DNA purity, DNA extraction, alpha toxin, ileal 
digesta

174   Evaluation of broiler chicken myogenic stem cell popu-
lation heterogeneity and skeletal muscle fiber morphometrics. 
Oscar Tejeda*, Jeanine Arana, Allan Calderon, and Jessica Starkey, 
Auburn University, Auburn, AL.

Myogenic stem cells play a key role in mediating post-hatch skeletal 
muscle growth in broilers through their donation of nuclei to existing 
muscle fibers which increases DNA content and ultimately enhances 
the myofibrillar protein synthesis potential of those fibers. Information 
regarding myogenic stem cell populations and muscle fiber size dis-
tributions in modern broiler strains of both sexes is scarce . Therefore, 
we evaluated myogenic stem cell populations and skeletal muscle fiber 
size in 2 functionally different muscles (pectoralis major, PM and 
biceps femoris, BF) from 2 broiler chicken strains, Red Ranger (RR; 
S&G Poultry, Clanton, AL) and Ross 708 × Ross 708 (ROSS; Aviagen 
Group, Huntsville, AL) . Male and female broilers from both strains (n 
= 80 birds per strain) were penned separately (20 birds per pen) and 
fed a common corn-soybean meal-based diet . At 43 d of age, 8 birds 
per sex per strain were euthanized and samples from the PM and BF 
muscles of each bird were collected and stored for subsequent analysis 
by cryohistological immunofluorescence staining and fluorescence 
microscopy . Cryosections from each muscle from each bird were immu-
nofluorescence stained to detect Myf-5, MyoD, and Pax7-expressing 
myogenic cells . Myogenic stem cell populations (Myf-5+, MyoD+, 
Pax7+, Myf-5+:MyoD+, MyoD+:Pax7+, and Myf-5+:MyoD+:Pax7+) 
were enumerated and the cross-sectional area (CSA) of each fiber in the 
representative digital image was determined . ROSS broilers exhibited a 
27% larger population of Myf-5+:MyoD+:Pax7+ stem cells compared 
with RR (P = 0.04). Within both the PM and BF muscles, fiber CSA was 
similar among the 2 strains and sexes (P > 0.05). Mean fiber CSA was 
greater in the PM compared with the BF muscle (P = 0 .005) . The Myf-5+ 
and Pax7+ population sizes were similar among muscles (P > 0 .05) . 
Both nuclear density (P = 0 .003) and the number of Myf-5+:MyoD+ 
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cells (P = 0 .03) were greater in the BF compared with the PM muscle . 
Overall, we observed that the major differences in broiler myogenic 
stem cell populations were among the 2 functionally different muscles 
and not among the 2 different sexes or broiler strains .

Key Words: broiler chicken, myogenic stem cell, muscle fiber cross-
sectional area, satellite cell, muscle

175   Mechanisms for programming reduced adiposity in 
broiler chicks through hen dietary n-3 long-chain polyunsatu-
rated fatty acids. Ronique Beckford*1, Suchita Das1, Abigail 
Farmer1, Shawn Campagna1, Jiali Yu1, Jeanna Wilson2, Robert 
Hettich1, Michael Smith1, and Brynn Voy1, 1University of Tennessee, 
Knoxville, TN, 2University of Georgia, Athens, GA.

Omega-3 long chain polyunsaturated fatty acids (n-3 LCPUFA) and their 
metabolites activate nuclear receptors that control lipid metabolism and 
adipose development . We previously reported that enriching the hen diet 
in n-3 LCPUFA found in fish oil (FO) significantly reduced adiposity 
without compromising growth in broiler chicks (Beckford et al ., Poultry 
Science, Vol . 95, E-Suppl . 1) . The objectives of the current study were 
as follows: (1) determine if hen FO altered hepatic lipid catabolism; 
(2) define effects of hen diet on chick adipose fatty acid profile; and 
(3) discover molecular effects of hen diet on chick adipose proteomes . 
Cobb 500 broiler chicks (n = 30/diet) were hatched from breeder hens 
fed diets containing fat (5%) from either fish oil (FO) or corn oil (CO) 
for 4 weeks and fed a CO-based diet after hatch, until 7 or 14 d of age . 
QPCR was used to characterize liver gene expression . Mass spectrom-
etry was used to determine the effects of diet on adipose fatty acid 
profiles (GC-MS) and proteomes (LC-MS/MS). Mixed model ANOVA 
and least squares means were used to identify effects of maternal diet 
and age × diet interactions on chick phenotypes (SAS v9 .4, Cary NC) . 
Diet did not significantly affect expression of genes associated with de 
novo lipogenesis or fatty acid oxidation (carnitine palmitoyl transferase 1 
(CPT1), acyl-CoA oxidase 1 (ACOX1) and fatty acid synthase (FASN)) 
in liver. Hen dietary fish oil significantly enriched chick adipose tissue in 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) species 
relative to CO-chicks at 7 but not 14 d of age (P < 0 .05) . Proteomics 
identified 95 known proteins that differed in abundance between FO and 
CO adipose tissue . KEGG pathway enrichment analysis of differentially 
abundant proteins indicated that hen FO feeding significantly suppressed 
glycolysis (n = 5 proteins) and altered the cytoskeletal architecture of 
adipocytes and lipid droplet proteins (n = 11 proteins) . In combination 
with our previous findings, these results suggest that hen FO programs 
reduced adiposity by promoting differentiation of adipocytes with 
reduced capacity for fatty acid uptake and storage . Exploration into 
potential epigenetic effects of hen diet is ongoing .

Key Words: broiler, polyunsaturated fatty acids, adipose tissue, 
dietary enrichment

176   Identification and characterization of extracellular vesicles 
from the amniotic fluid of layer chicken embryos. Dan Zhao*2, 
Tina Tran3, E . Peebles1, Wei Zhai1, and Yuhua Farnell2, 1Missis-
sippi State University, Mississippi State, MS, 2Texas A&M AgriLife 
Research, College Station, TX, 3Mississippi State University, Missis-
sippi State, MS.

Male layer chicks have no economic value and must be euthanized at 
hatch . A method to determine sex in ovo would be useful to the poultry 
industry, as embryos could be terminated before hatch and resources 
would not be wasted . Extracellular vesicles (EVs) are nano-sized 

membrane particles that contain nucleic acids, lipids and proteins . 
They are released by a variety of cell types and are present in biological 
fluids, such as blood, milk, saliva, amniotic fluid (AF), and urine. They 
play important roles in cell-to-cell communication by allowing direct 
transfer of organic molecules among cells, and have been implicated 
in a variety of physiological and pathological conditions . Ribonucleic 
acids from EV in human amniotic fluid have been used to determine 
sex . However, little is known about the EVs in chicken AF . Differen-
tial ultra-centrifugation was performed to isolate and purify EVs from 
layer AF on d 18 of embryogenesis . Transmission electron microscopy, 
nanoparticle tracking analysis and protein immunoblots were used to 
characterize EVs . Transmission electron microscopy revealed EVs as 
round vesicles . Nanoparticle tracking analysis was employed to measure 
the size distribution and concentrations of EVs . The mean size and the 
total concentration of EVs in AF did not differ significantly from male 
versus female layers . The size of isolated EVs ranged from 30 - 250 nm 
with a combined mean of 159 ± 6 nm . The concentration of EVs was 
1 .96 × 1011 particles per milliliter of AF . However, the mode of EVs 
was 136 ± 3 .0 nm in females, and 122 ± 2 .6 nm in males (P < 0 .05) . 
The protein immunoblot analysis showed the EVs were positive for 2 
well characterized EV markers, tetraspanin CD63 and heat shock protein 
70. This is the first report that EVs are present in chicken embryo AF. 
Proteomic and small RNA sequence studies will be performed to com-
pare the differences of protein and small RNA profiles in AF between 
female and male layers. This could lead to finding biomarkers needed 
to develop a test for sex determination in ovo .

Key Words: extracellular vesicles, amniotic fluid, layer embryo, 
nanoparticle tracking analysis

177   RNA sequencing analysis of the shell gland region of 
oviduct in laying hens challenged with infectious bronchitis virus. 
Sami Samiullah*, Juliet Roberts, and Shu-Biao Wu, University of 
New England, Armidale, New South Wales, Australia.

RNA-Sequencing has been rapidly adopted for profiling of the transcrip-
tome to study gene regulation, tissue development and disease . In this 
study, brown egg laying hens were challenged with IBV T strain and shell 
gland tissue was collected at d 10–11 post infection . RNA-Sequencing 
was performed on shell gland tissue samples collected at 5 and 15 h post-
oviposition time from infected and control groups of hens . Functional 
analysis was performed in Cytoscape plugins ClueGO using Gene Ontol-
ogy (GO) terms in biological process, molecular function and cellular 
component specific for Gallus gallus . Comparing the samples at 5 and 
15 h time points, 1953 and 1678 differentially expressed genes (adjusted 
P-value <0.05; fold change >1.5) were identified, respectively. There 
was no significant effect (adjusted P-value >0 .05) of virus challenge 
on the genes involved in eggshell formation and the immune system . 
There was a significant effect of time points on the expression of genes 
involved in eggshell formation . The 2 most enriched GO terms appearing 
at the 5-h time point were T-cell homeostasis and signal release . The 
most enriched genes at the 5-h time point in T-cell homeostasis were 
ACE, P2RX7 and SLC13A2 . Similarly, the most enriched genes in GO 
term signal release were C2CD4C, P2RX7 and SYT15 . At the 15 h time 
point, the 2 most enriched GO terms were regulation of calcium ion 
dependent exocytosis and response to organonitrogen compound . The 
most enriched genes in regulation of calcium ion dependent exocyto-
sis were LOC427491, RIMS1, SYT16 and TC2N . Similarly the most 
enriched genes in response to organonitrogen compound were AGTR2, 
BAIAP2L2, CISH, GNRHR, HTR1B and INHBB . This study provides 
detailed descriptions of the shell gland genes that are overexpressed 
when the eggshell is in the oviduct but not in the shell gland or when 
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the eggshell is mineralizing . It can be concluded that the 2 time points 
of eggshell formation showed significant differences in expression pro-
files for transcripts involved in eggshell formation. Some of the novel 
genes identified in the current study, that are involved in the supply of 
minerals, may be potentially useful biological markers for the genetic 
improvement of eggshell quality .

Key Words: eggshell formation, total RNA, infectious bronchitis 
virus

178   Expression of avian beta-defensins and liver-expressed 
antimicrobial peptide 2 mRNA in young broilers infected with 
Campylobacter. Javier Garcia*1, J . Byrd2, and Eric Wong1, 1Virginia 
Tech, Blacksburg, VA, 2USDA, ARS, Southern Plains Agricultural 
Research Center, College Station, TX.

Campylobacter is a human foodborne pathogen that is commonly found 
in the gastrointestinal tracts of chickens . Avian beta-defensins (AvBD) 
and liver-expressed antimicrobial peptide 2 (LEAP2) are host defense 
peptides that serve as part of the host’s innate immune system . In this 
study, the objective was to evaluate the mRNA abundance of AvBD and 
LEAP2 during a Campylobacter infection in the intestines of young 
broilers . One hundred and 52 broiler chicks were divided into 4 groups 
of 38 birds each . On day of hatch, all chicks within one group were chal-
lenged with 1 of 3 doses of Campylobacter jejuni: Low (106), Medium 
(107), and High (108) colony-forming units . On d 7 and 14, 6 chicks from 
each group were randomly selected and subjected to necropsy . Tissue 
samples from the duodenum, jejunum, ileum and ceca were collected . 
Total RNA was extracted and gene expression was determined using 
real-time PCR. Tissue- and age-specific differences in gene expression 
were observed for AvBD and LEAP2 (P < 0 .05) . On d 7, AvBD-10 
mRNA abundance in the ileum and LEAP2 mRNA abundance in the 
ceca were lower in the 107 and 108 groups compared with the control . 
On d 14, mRNA abundance of AvBD 1, 6, 8, 10, 11, 12, and 13 in the 
ileum and ceca were greater in the 106 group than the control . Interest-
ingly, mRNA abundance for AvBD 6, 8, and 11 was greater in the 106 
group than the 108 group in the ileum and ceca . These results suggest 
that AvBDs play a role in modulating a Campylobacter infection . Addi-
tionally, at a low dose of Campylobacter the immune system is able to 
mount a strong response leading to enhanced AvBD expression, but at 
higher doses the immune system may become overwhelmed and there 
is downregulation of the AvBD .

Key Words: Campylobacter, zinc transporter, LEAP2, avian beta-
defensins, broiler

179   Molecular mechanisms of synergistic enhancement of 
chicken innate immunity and barrier function by butyrate 
and forksolin. Kelsy Robinson*1, Hong Li2, Long Zhang3, Ryan 
Arsenault4, Lakshmi Sunkara5, Brian Cougar1, and Glenn Zhang1, 
1Oklahoma State University, Stillwater, OK, 2Henan Agriculture 
University, Henan, Zhengzhou, China, 3Sichuan Agricultural Uni-
versity, Chengdu, Sichuan, China, 4University of Delaware, Newark, 
DE, 5USDA, East Lansing, MI.

Removal of medically important antibiotics from poultry production 
has created an urgent need for effective antibiotic alternatives . Dietary 
modulation of host defense peptide (HDP) synthesis has arisen as a 
promising solution . HDPs are capable of killing bacteria directly, modu-
lating the immune response, and improving barrier function . Recently, 
we revealed a significant synergy between butyrate, a short chain fatty 
acid, and forskolin, a plant labdane diterpene molecule, in the enhance-
ment of HDP gene expression and barrier function both in vitro and in 
vivo . To investigate the molecular mechanisms of the butyrate-forskolin 
synergy, chicken HD11 macrophages were treated with 2 mM butyrate, 5 
µM forskolin or the combination, followed by analyses of cellular tran-
scriptome and kinome, respectively. Transcriptome analysis confirmed 
a significant synergistic induction (false discovery rate ≤0.05 and fold 
change ≥1.5) of multiple HDP and barrier function genes. For example, 
tight junction protein claudin-10 and mucin-5B gene expression levels 
were minimally altered by either butyrate or forskolin, but displayed a 
synergistic 2 .22-fold and 2 .55-fold increase, respectively, in response 
to both butyrate and forskolin. Additionally, several anti-inflammatory 
cytokines such as IL-10 and IL-19 were significantly induced in HD11 
cells in response to a combination of butyrate and forskolin, without 
showing an increase in the expression of major proinflammatory 
cytokine genes such as IL-1beta and TNF-α. Chicken-specific kinome 
peptide array also revealed an enrichment (P < 0 .05) of multiple signal-
ing pathways such as MAPK and tight junction pathways in HD11 cells 
treated with 2 mM butyrate and 5 µM forskolin for 4 h . Overall, these 
results indicate the capacity of butyrate and forskolin to enhance host 
musical immunity and barrier function without triggering inflammation, 
reinforcing their potential as alternatives to antibiotics .

Key Words: host defense peptide, butyrate, RNAseq, kinome peptide 
array, immunity
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180   Alteration of sexual maturation across three differentially 
selected strains of laying hens. Charlene Hanlon*, Kayo Takeshima, 
and G . Y . Bédécarrats, University of Guelph, Guelph, ON, Canada.

After 50 years of genetic selection, the production level of commercial 
laying hens has increased by ~40% . Selection for early maturation and 
extended laying capacity has likely impacted the hypothalamic-pituitary 
gonadal (HPG) axis, which must be stimulated earlier in life, and for 
a longer period of time . The objective of this study was to identify 
potential mechanisms contributing to the differential activation of the 
HPG axis between strains of laying hens . Three strains representing 
different time points across genetic selection history were used with 120 
Lohmann LSL-lite (L) as a commercial strain, 100 heritage Shaver white 
leghorn (S) as a mid-selection strain, and 68 Smoky Joe white leghorn-
derivative (J) as a non-selected strain with a production comparable to 
a 1960s strain . Birds were group-housed from hatch up to 12 weeks 
of age (woa), then transferred to colony cages (2 birds per cage) and 
monitored until 29woa . They were fed ad lib from hatch . Photoperiod 
was set at 10h from 6woa until photostimulation at 18woa (12h light), 
increasing 1h per week to 16h (22woa) . J hens were lighter than L 
and S (P < 0 .001) from 21 to 29woa . From 20 to 28woa, L and S hens 
had significantly greater production than J (P < 0 .0001) . At 19 woa, a 
correlation (0 .32) between body weight (bw) and egg production (P = 
0 .01) was observed only for L, while at 23woa, when photostimulation 
is expected to be the primary drive on reproduction, the correlation was 
−0.26 (P = 0 .05) . Egg analysis was conducted at 26woa and weight, 
width, and shell thickness were different between groups (P < 0 .0001) . 
Eggs from J were shorter than from S and L (P < 0 .001), eggs from L 
had a higher breaking strength than from S and J (P < 0 .0001), and the 
albumen height was higher in eggs from S (P = 0 .04) . Estradiol (E2) 
profiles determined that hens from L and S displayed increases in E2 at 
19woa (P < 0 .0001) and 26woa (P < 0 .05) . J birds displayed a delayed 
increase at 21woa (P < 0 .0001) . Based on these results, a correlation 
between bw and production is present only in modern strains, leading 
to the hypothesis that selection for early lay may have increased the 
importance of metabolic factors in the activation of the HPG axis regard-
less of photoperiod. Conversely, as shown by E2 profiles, non-selected 
strain (J) primarily rely on photoperiodic cues .

Key Words: estradiol, sexual maturity, laying hen, reproduction, 
selection

181   Evaluating bacterial colonization of a developing broiler 
embryo after in ovo injection with a bioluminescent bacteria. 
Claudia Castaneda*, Hossam Abdelhamed, Attila Karsi, Christopher 
McDaniel, and Aaron Kiess, Mississippi State University, Starkville, 
MS.

The injection of probiotics through in ovo technology has been a topic 
of interest for the past several years . However, there is limited research 
available demonstrating where these bacteria colonize within the embryo 
after injection . For this reason, the objective of the current study was 
to evaluate where bioluminescent bacteria would become established 
within the broiler embryo after in ovo injection . Treatments included a 
non-injected control, an amnion injection and an air cell injection where 
106 cfu/mL of a nonpathogenic Escherichia coli were in ovo injected on 
d18 of incubation . Each day thereafter, 5 eggs per treatment where used 
to collect: amniotic fluid, skin, lung, GIT, bursa and spleen tissues. On 
d21, the GIT was separated into crop, duodenum, jejunum, ileum, and 

ceca . All tissues were then used to determine bacteria concentrations . 
To confirm that bioluminescent bacteria were present, tissues were 
diluted 10-fold, homogenized and serially diluted in PBS . For each 
tissue homogenate sample, 100 µL was spread plated on Lennox Agar 
plates containing 200mg/mL ampicillin . After 24h of incubation at 37 
C under aerobic conditions colonies were counted and the presence 
of bioluminescent bacteria was confirmed by using the IVIS imaging 
system . Log-transformed counts of each tissue sample were statistically 
analyzed using a randomized complete block design, where each block 
represented the 3 replications of the experiment . Results indicated that 
eggs injected in the amnion had higher colony counts in all tissues 
compared with the control or air cell injected treatments . This increase 
was seen within 2h after the initial injection; however, bacteria counts 
for both injection sites increased over time . Bacteria counts obtained for 
the eggs injected in the air cell demonstrated that the bacteria penetrated 
the eggshell membrane by d19 . In conclusion, in ovo injection into the 
amnion is a quicker method to administer probiotics to the embryo 
which reaches multiple tissues . Injection onto the air cell is effective 
but the bacteria takes 1d longer to reach the embryo . Future research 
using bioluminescent probiotic bacteria may establish sites of preference 
for different bacteria leading to site-specific application that maximizes 
overall probiotic impact when in ovo injected

Key Words: poultry, in ovo, embryo, colonization, bioluminescence

182   The deposition and elimination of glucosinolates metabo-
lites derived from rapeseed meal in laying hens and eggs. Liping 
Zhu*, Jianping Wang, Xuemei Ding, Qiufeng Zeng, Shiping Bai, 
and Keying Zhang, Animal Nutrition Institution, Chengdu, Sichuan, 
China.

The objective of this study was to investigate the deposition and elimi-
nation of glucosinolates(Gls) metabolites including 5-vinyl-1,3-oxa-
zolidine- 2-thione (5-VOT) and thiocyanate ion (SCN-) derived from 
rapeseed meal(RSM) in laying hens and eggs . Nine hundred 30-week-
old Lohman pink-shelled laying hens were randomly assigned to 6 
isoenergetic and isonitrogenous diets with 10 pens per treatment . Six 
isoenergetic and isonitrogenous diets containing 0, 5 .88, 11 .76, 17 .64, 
23 .52, and 29 .40% of RSM were formulated on a digestible amino acid 
basis . The trial lasted for 16 weeks including 12 weeks accumulation 
and 4 weeks withdrawal phase by feeding the basal diet . The Gls did 
not affect serum GPT, GOT, and GOT/GPT at 12 week (P = 0 .12, P = 
0 .18, P = 0 .50), but the serum T3, T4, and BUN linearly increased with 
the Gls at 12 week (P < 0 .01, P < 0 .01, P < 0 .01) . Kidney index, and 
thyroid index were linearly increased with Gls at 12 week (P = 0 .046, 
P < 0 .01) . The thyroid histopathology revealed a sign of hyperplastic 
goiter in hens fed with 17 .64–29 .40% RSM . After a 4-week withdrawal 
of Gls, kidney index had recovered (P = 0 .35) . However, the serum T3, 
T4, BUN and thyroid index still linearly increased at 16 week (P < 0 .05, 
P < 0 .01, P < 0 .01, P = 0 .04) . The 5-VOT was present in eggs only 
after the ingestion of rapeseed meal, but SCN- showed in control group 
eggs . The 5-VOT could not be detected in livers . The SCN- content was 
5 .04, 5 .06, 4 .61, 3 .99, 5 .27, and 4 .24 mg/kg liver in 6 RSM diet group 
respectively at 12 week (P = 0 .61) . The 5-VOT content of eggs (Y, ng/g) 
was significantly correlated with dietary 5-VOT intake (X2, µg/d .bird) 
and dietary 5-VOT feeding time (X1, week): Y = 54 .94*X1 + 0 .51*X2 
- 430 .34 (P < 0 .01, R2 = 0 .8022) . The SCN- content of eggs (Y, mg/kg) 
was significantly correlated with dietary RSM intake (X2, µg/d .bird) 
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and dietary RSM feeding time (X1, week): Y = 0 .095*X1 + 0 .302*X2 
- 0 .4211 (P < 0 .01, R2 = 0 .7004) . After a 4-week withdrawal of RSM, 
the 5-VOT and SCN- didn’t show in eggs, while the SCN- content was 
3 .26, 4 .15, 3 .13, 3 .52, 3 .06, and 3 .67 mg/kg liver in 6 RSM diet group 
respectively (P = 0 .94) . These results suggest that 5 .88% RSM with 
dietary supplements of 23 .55 mg/kg 5-VOT and 10 .76 mg/kg SCN- was 
safe for hens with regard to serum parameters, organ index and thyroid 
histopathology, and more than 4 weeks withdrawal of diets containing 
5-VOT and SCN- should be considered for human and hens health .

Key Words: 5-vinyl-1,3-oxazolidine-2-thione, thiocyanate ion, 
laying hen, deposition, elimination

183   Production stage effects on white laying hens’ blood 
glucose concentrations. Jeffrey Helfrich*, Darrin Karcher, and 
Elizabeth Karcher, Purdue University, West Lafayette, IN.

The purpose of this experiment was to determine if, and to what extent, 
blood glucose concentrations vary between the different production 
stages in laying hens . Laying hen persistency results in a high rate of egg 
production throughout most of their lives . Due to the demanding needs of 
egg formation and laying, it is important that we observe and understand 
the physiological processes in these birds . Glucose is arguably one of 
the most important physiological nutrients in the body, and currently, 
there is a lack of adequate information and research documenting the 
blood glucose levels in the production life stages of laying hens . The 
group hypothesized that blood glucose concentrations would increase 
from starting to peak production, then decrease from peak production 
to finishing production. One hundred 20 LSL white laying hens were 
selected at random from a conventional cage operation in Indiana . Forty 
hens per time period (22, 45, 69 wk of age) had blood collected from the 
wing vein . Blood glucose concentrations were determined in duplicate 
by an Agamatrix PRESTO glucometer . Glucose concentrations for the 
22-, 45-, and 69-wk-old birds were 224 .3 ± 3 .5 mg/dL, 225 .3 ± 3 .5 mg/
dL, and 228 .4 ± 3 .5 mg/dL, respectively . Differences between glucose 
concentrations were analyzed using the Mixed procedure of SAS (sig-
nificance was accepted at P < 0.05). There was no significant difference 
in blood glucose concentrations between the 3 stages of production (P 
= 0 .6902) and therefore, the hypothesis was rejected . Possible expla-
nations for the nominal difference between production stages may be 
related to specific diet formulation, timing of feed delivery and blood 
collection, and light cycle in the houses . Future research could include 
testing significant difference in blood glucose concentrations between 
brown and white laying hens . Another focus could be the impacts of 
a constant diet across the 3 groups on blood glucose concentrations .

Key Words: glucose, laying hen, glucometer, cage, stage

184   Identification of gene expression differences associated 
with high and low egg production in turkey hens. Kristen Brady*1, 
Julie Long2, and Tom Porter1, 1University of Maryland, College Park, 
MD, 2BARC, ARS, USDA, Beltsville, MD.

Variation in egg production exists in commercial turkey hens, with low 
producing hens costing more per egg produced . Ovulation is governed 
by the hypothalamic-pituitary-gonadal (HPG) axis, and egg production 
is correlated with ovulation frequency . Each ovulation is stimulated by a 
preovulatory surge (PS) of progesterone and luteinizing hormone (LH), 
caused by gonadotropin releasing hormone (GnRH) release . Ovulation 
can be inhibited by gonadotropin inhibiting hormone (GnIH) . Differ-
ences in the HPG axis between low egg producing hens (LP) and high 
egg producing hens (HP) were explored by determining mRNA levels 

for key genes of the HPG axis, both outside and during the PS . From the 
top and bottom 15% in egg production of 200 commercial line hens, 6 
LP and 6 HP were sampled, taking the hypothalamus, pituitary, as well 
as the granulosa layers of the largest follicle (F1G) and the fifth largest 
follicle (F5G), half outside of the PS and half during the PS (n = 3 per 
group) . The mRNA levels of key genes in the HPG axis involved in 
progesterone production were examined using RT-qPCR . An ANOVA 
using the mixed models procedure of SAS compared normalized mRNA 
levels between LP and HP, both outside and during the PS . LP exhibited 
increased mRNA levels for genes associated with ovulation inhibition, 
such as hypothalamic GnIH and pituitary GnIH receptor (GnIHR), as 
well as decreased mRNA levels for genes associated with ovulation 
stimulation, such as pituitary follicle stimulating homone (FSHβ) and 
LH (LHβ)(P < 0 .05; n = 3) . Interestingly, LP demonstrated increased 
mRNA levels for both the FSH receptor (FSHR) and the LH receptor 
(LHCGR) in the F5G, as well as the progesterone receptor (PGR) in the 
hypothalamus (P < 0 .05; n = 3) . Genes associated with progesterone 
production, steroidogenic acute regulatory protein (STAR), cholesterol 
side-chain cleavage enzyme (CYP11A1), and 3β-hydroxysteroid dehy-
drogenase (HSD3B1), tended to be upregulated in the F1G of HP; while, 
in LP, these genes appear to be upregulated in the F5G instead (P < 0 .05; 
n = 3) . Different degrees of stimulation and inhibition within the HPG 
axis at the mRNA level were noted in LP and HP turkey hens, requiring 
further investigation into the mechanisms by which these differences 
could ultimately influence egg production.

Key Words: turkey, egg production, HPG axis, gene expression, 
ovulation

185   Protein expression for zona pellucida protein B1, and C 
in two genetic lines of turkey hens that differ in fertility. Joshua 
Steed*, Andrew Benson, and Adam Davis, University of Georgia, 
Athens, GA.

The ovulated ovum in avian species is surrounded by a protein layer 
called the inner perivitelline layer (IPVL) . The IPVL contains the zona 
pellucida (ZP) family of proteins, which are essential for sperm binding 
and fertilization . Genetic selection in poultry for meat yield and feed 
efficiency are negatively correlated with fertility. Previously our labo-
ratory characterized the mRNA expression of ZPC in granulosa cells 
from the germinal disc (GD) and nongerminal disc (NGD) regions of 
the F1 follicle in 2 lines of turkey hens selected for over 40 generations 
for either increased egg production (E line) or increased body weight (F 
line) . The F line hens have lower fertility than E line hens . The mRNA 
expression of ZPB1 was also characterized at its site of synthesis in the 
liver in the 2 lines . The expression of the mRNA for ZPC was greater 
in granulosa cells from the NGD than the GD region of the F line hens, 
and hepatic ZPB1 mRNA was greater in E line hens than F line hens . 
The goal of the present research was to determine if these differences in 
mRNA expression for ZPC and ZPB1 are reflected at the protein level 
in the IPVL layer . Protein was isolated from GD and NGD sections of 
the IPVL of freshly laid eggs from eighteen 46-week-old hens from each 
genetic line . The individual GD and NGD sections were combined from 
3 eggs from each line to create 6 replicate GD and NGD samples per 
genetic line . One dimensional gel electrophoresis was performed using 
stain free technology, and gels were transferred to PVDF membranes 
for Western blot analysis . A polyclonal antibody (rabbit anti-chicken) 
against ZPB1 or ZPC, and a HRP conjugated secondary antibody 
(goat anti-rabbit) were used for the Western blot analyses . Relative 
ZPB1, and ZPC expression was determined using Image Lab Software 
(BioRad) . Overall expression of ZPB1 was greater (P > 0 .05) in F line 
than E line IPVL, and expression of ZPB1 in the IPVL was greater in 
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the NGD region than in the GD region . Protein expression of ZPC was 
greater (P > 0 .05) in E line than F line IPVL, but there was no differ-
ence in expression between the GD and NGD regions of the IPVL . 
Thus, differences in mRNA expression of ZPC and ZPB1 at their site 
of synthesis are not subsequently reflected in protein expression in the 
IPVL and differences in IPVL expression of ZP proteins between hens 
may contribute to differences in fertility .

Key Words: germinal disc, perivitelline

186   The effect of post-photostimulation energy intake on 
GnRH and GnIH gene expression at the onset of lay in broiler 
breeder pullets. S . H . Hadinia*1, G . Y . Bédécarrats2, P . R . O . Car-
neiro1, and M . J . Zuidhof1, 1University of Alberta, Edmonton, AB, 
Canada, 2University of Guelph, Guelph, ON, Canada.

The aim of the present study was to evaluate the effect of ME intake 
(MEI) on gene expression of gonadotropin-releasing hormone (GnRH-I) 
and gonadotropin-inhibitory hormone (GnIH) in the hypothalamus and, 
GnRH-I receptors (GnRH-RIII, GnRH-RI) and GnIH receptor (GnIH-
R) in the anterior pituitary gland of Ross 308 broiler breeder pullets at 
the onset of lay . Pullets were allocated to 4 pens of 35 birds (2 pens per 
treatment) and fed in precision feeding (PF) stations from 22 to 26 wk 
of age . The PF station weighed birds in a real time and gave access to 
feed at any time for 60 s if the BW was less than the target BW . Two 
treatments were considered for the experiment: 1 . broiler breeder pullets 
fed ad libitum target BW curve (10 kg) with high energy diet (3,109 kcal/
kg; High MEI) 2 . Broiler breeder pullets fed standard target BW with 
low energy diet (2,807 kcal/kg; Low MEI) . Photoperiod was 14L:10D at 
22 wk of age with a light intensity of 30 lx . Palpation was used to detect 
the presence of a hard-shelled egg in the shell gland . Hypothalamus and 
pituitary gland samples were collected for gene expression analyses from 
each pullet at the time of first egg. Total RNA was extracted from the 
entire hypothalamus and pituitary gland samples to run the quantitative 
real-time PCR . Gene expression and MEI data were analyzed using 
GENMOD and MIXED procedures in SAS respectively . The results 
of the experiment showed that pullets with High MEI (493 kcal/d, P < 
0 .001) had 3-fold higher GnRH-I mRNA levels in the hypothalamus and 
approximately 1 .5 fold higher expression of GnRH-RI in the pituitary 
gland but had 2-fold less GnIH-R mRNA in the pituitary gland com-
pared with Low MEI treatment (304 kcal/d; P < 0 .05) . However, MEI 
did not affect the expression of GnIH and GnRH-RIII genes between 
both groups of pullets (P > 0 .05) . The onset of lay for pullets in High 
MEI treatment advanced such that 100% of those birds were laying by 
26 weeks of age, compared with only half in the Low MEI treatment 
(P = 0 .0009) . Therefore, the greater expression of GnRH-I gene and the 
lower expression of GnIH gene in High MEI treatment compared with 
Low MEI treatment could activate the hypothalamic-pituitary axis at 
the onset of sexual maturation and advanced the onset of lay .

Key Words: reproduction, gonadotropin-releasing hormone, gonado-
tropin inhibitory hormone

187   Gonadotropin hormones do not regulate gonadotrophin 
inhibitory hormone receptor mRNA expression in cultured gran-
ulosa cells from broiler breeder hens. Ashley Stephens*, Martha 
Freeman, and Adam Davis, University of Georgia, Athens, GA.

Gonadotrophin inhibitory hormone (GnIH) is a neuropeptide that 
inhibits the synthesis and release of LH in avian species . GnIH initiates 
cellular responses by binding to the gonadotrophin inhibitory hormone 
receptor (GnIHR) . Previously we reported that the mRNA for GnIH and 

GnIHR was detected in the pituitary, while only GnIHR mRNA was 
expressed in the ovary of broiler breeder hens . Expression of GnIHR 
mRNA was detected in theca cells of hierarchical and prehierarchical 
follicles, though it was not detected in granulosa cells from the 2 larg-
est hierarchical follicles, and granulosa cell expression in the small 
yellow follicles (SYF) was greater than in the F3 or F4 follicles . Given 
that GnIH could directly impact follicular development, in the current 
research, LH and FSH hormone regulation of GnIHR mRNA expres-
sion was examined in cultured granulosa cells, which were isolated 
from the F1, F3, or SYF from 3 broiler breeder hens for each replicate 
experiment . Dispersed granulosa cells from each follicular size were 
cultured for 24 h in the absence or presence of 50 ng/mL of LH or FSH 
in 4 replicate experiments (n = 4) . Total RNA was extracted from all 
the cultured granulosa cell samples and was DNase treated for 2-step 
real-time PCR analyses of GnIHR and GAPDH (control) mRNA expres-
sion . Taqman minor groove binding probes and primers for each gene 
were designed using Primer Express (Version 2 .0, Applied Biosystems) . 
Progesterone production by the cultured granulosa cells was assessed 
by RIA . In SYF granulosa cells GnIHR mRNA expression was greater 
in freshly isolated granulosa cells than in cells cultured for 24 h (P < 
0 .05), and there were no differences in GnIHR mRNA expression in 
cultured granulosa cells treated with 0 or 50 ng/mL LH or FSH . GnIHR 
mRNA was not detected in freshly isolated granulosa cells from the F1 
follicle, though it was detected after 24 h of culture in both treated and 
untreated granulosa cells, and there was no difference in its expression 
level between untreated and gonadotropin treated cells . Progesterone 
accumulation in the media of the granulosa cells cultured with LH was 
higher than the progesterone accumulation in the untreated cell cultures 
for all follicle sizes except the SY . Addition of FSH to the granulosa 
cell culture media increased the accumulation of progesterone for the 
granulosa cells from all follicle sizes . The results indicate that LH and 
FSH do not regulate GnIHR expression in cultured granulosa cells .

Key Words: progesterone, LH, FSH

188   Effects of herbal liver tonic products on growth perfor-
mance and hepatic lipid metabolism in broiler chickens. Joshua 
Flees*1, Elizabeth Greene1, Walter Bottje1, Shivi Maini2, and Sami 
Dridi1, 1University of Arkansas, Fayetteville, AR, 2Ayurvet Ltd., 
Baddi, India.

Optimum growth performances are directly related to optimum liver 
health . Feeding broilers with herbal liver tonics have been reported to 
improve growth performances in chickens . The aim of the present study 
is to determine the effects of the newly developed herbal liver tonics 
AV/SSL/12 (AV) and Superliv Gold (SG) on growth performance and 
hepatic lipid metabolism in broilers . Total of 288 healthy day old broilers 
(Cobb500) were randomly assigned into 24 pens (12 chicks/pen) and 
had ad libitum access to a standard corn-soy based diet . Chicks were 
subjected to 2 treatments: AV/SSL/12 (starter: 2 .5 mL, grower: 5 mL, 
and finisher: 10 mL per 100 birds/day) or Superliv Gold (starter: 2mL, 
grower: 4mL, and finisher: 7 mL per 100 birds/day) for 35 d. Untreated 
group was used as a control . Body weights of individual birds were 
recorded weekly and overall gain was determined from hatch to 35 d 
of age . Feed intake was measured daily . At the end of the experiment, 
the data logged birds were euthanized and liver samples were taken and 
snap frozen in liquid nitrogen (8 birds/treatment) . Expression of hepatic 
lipid metabolism-related genes was determined by real-time quantitative 
polymerase chain reaction (qPCR) . Data were analyzed by one-way 
ANOVA and means were compared by SNK multiple comparison test 
and considered significant at P < 0 .05 . Both treatments increased BW 
gain compared with the control (1875g ± 19g vs . 2011 ± 18g vs . 1990g 
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± 21g for the control, AV, and SG, respectively; P < 0 .05), decreased 
feed intake, and improved feed efficiency. At the molecular level, both 
treatments downregulated the hepatic expression of Sterol Regulatory 
Element Binding Protein 2 (SREBP-2) by 55 and 47%, respectively, 
and its cleavage regulatory protein (SCAP) by 72 and 73%, respectively . 
Together these data indicate that herbal liver tonics enhance growth 
performance and improve feed efficiency in broilers. This beneficial 
effect may be due to their hepato-protective action and reduction of 
hepatic lipogenesis .

Key Words: herbal liver tonics, lipogenesis, growth, feed efficiency

189   Effects of ButiPEARL and PrimaLac used alone or in 
combination on 57-d broiler intestinal morphology and immune 
tissues. Dana Dittoe*, Christopher McDaniel, Kelley Wamsley, Wei 
Zhai, and Aaron Kiess, Mississippi State University, Mississippi 
State, MS.

Currently, many alternatives to antibiotics in poultry diets are being 
investigated; however, it is important to ensure these alternatives do not 
negatively impact bird performance . Thus, the objective of this study 
was to determine if the dietary inclusion of organic acids, lactic acid 
producing bacteria or the combination of these products from d 0–57, 
influenced the broiler intestine or immune tissues. The 5 dietary treat-
ments included; a basal diet (C), the basal diet with ButiPEARL (B), 
the basal diet with PrimaLac (P), the basal diet with both ButiPEARL 
and PrimaLac (B+P), and the basal diet with an antibiotic, bacitracin 
methylene disalicylate (A) . On d 0, 1440 male Ross × Ross 708 chicks 
were placed into 80 floor pens (5 treatments, 16 replicates, 18 birds per 
pen) . Birds were provided feed and water ad libitum . Segments of the 
intestine were sampled at feed changes . Immune tissues were collected 
on d 14, 21, and 28 . On d 14, birds were challenged with a 10× dose 
of a live coccidiosis vaccine . Data were analyzed using a randomized 
complete block design and means were separated using Fishers protected 
LSD when P ≤ 0.05. Nominal differences in intestinal segment weights, 
lengths, and pH were detected on d 56; however, d 45 presented mor-
phological differences among treatments . On d 45, the B+P treatment 
demonstrated a shorter jejunum and ileum (P = 0 .06; P = 0 .04) and a 
higher crop pH (P < 0 .0001) when compared with the other treatments . 
It was also determined that on d 45, the duodenum weight for the B+P 
treatment was lower than both the B and C treatments (P = 0 .03) . Birds 
fed B had the lowest jejunum pH on d 45 compared with all other treat-
ments (P = 0 .01) . On d 14, neither the bursa nor spleen were different 
in weight among treatments . On d 21, birds fed the A treatment had a 
lower bursa weight as compared with birds receiving all other diets (P 
= 0 .01); but these differences were not detected by d 28 . However, for 
the spleen on d 28 birds fed B and B+P possessed lower spleen weights 
compared with all other treatments . In conclusion, combining ButiPE-
ARL with PrimaLac was determined to not improve any intestinal or 
immune parameters and could potentially be detrimental to intestinal 
physiology, but further research is necessary .

Key Words: lactic acid producing bacteria, organic acid, gut health, 
broiler

190   Calcium and phosphorus loss from bones autoclaved for 
tissue removal. Sara Cloft*1, Cara Robison2, and Darrin Karcher3, 
1Auburn University, Auburn, AL, 2Michigan State University, East 
Lansing, MI, 3Purdue University, West Lafayette, IN.

Standard procedure for most conventional bone assays rely on bones 
being free of attached muscle or integumentary tissue . In studies that 

involve many bones an emphasis is placed on efficiency of sample 
preparation, so alternative methods of bone cleaning are warranted . 
Use of an autoclave for bone cleaning is advantageous, as parts may be 
cleaned quickly afterward by simply peeling the muscle away as opposed 
to tediously removing muscle tissue by hand . However, autoclave use 
for tissue removal has not been validated and published studies typically 
do not specify the cleaning method . A concern is that autoclave usage 
could cause mineral leaching out of the bone . The objective of this study 
was to determine if autoclaving bone samples to remove muscle tissue 
impacted bone mineral content . Ten pairs of frozen chicken legs were 
randomly selected and thawed from previously collected 72-week-old 
W36 hens . Right legs were autoclaved at 121°C for 25 min in individual 
stainless steel trays . Left legs were thawed and cleaned by hand . The 
tibia, meat, and exudate were collected from each leg . Cleaned bones 
were placed in a soxhlet and refluxed in ether to extract the fat for 30h 
and then ashed at 600°C for 8h . Bone and muscle were weighed out 
in duplicate and placed in 10mL of 70% nitric acid to react overnight 
and after samples underwent microwave digestion . Digested samples 
were analyzed for Ca using a flame atomic absorption spectrophotom-
eter . Phosphorus was determined by a colorimetric assay measuring 
phosphate ions reacting with molybdate complexes in the presence of a 
reducing agent . Statistical analysis was completed by paired t-tests . We 
found no significant calcium (P = 0 .6319) or phosphorus (P = 0 .1698) 
loss from bones autoclaved as compared with bones that were hand 
cleaned. This study provides evidence that affirms that the use of the 
autoclave on bones is a suitable method for tissue removal from the leg 
bones of adult birds . Further work is warranted to determine if young 
birds whose bones have incomplete mineralization respond the same . 
In addition, investigations into the response of keel bones and bones 
with large amounts of cartilage to the autoclave are needed as they may 
respond differently .

Key Words: autoclave, bone, mineral loss, calcium, phosphorus

191   Adenosine A1 receptor and serotonin transporter expres-
sion in broiler with acute right ventricular failure. Moham-
mad Kamely*1, Robert Wideman2, and Mohammad Amir Karimi 
Yorshizi3, 1Tarbiat Modares University, Leuven, Belgium, 2University 
of Arkansas, Fayetteville, AR, 3Tarbiat Modares University, Tehran, 
Iran.

Animals are used as models for studying as test subjects for the 
development and testing of drugs, vaccines, antibodies and hormones . 
Pulmonary hypertension (PH), remains a challenging disease with a 
large impact on both humans and meat-type chickens . PH is character-
ized by the onset of idiopathic pulmonary arterial hypertension (IPAH) 
leading to right ventricular failure . Chickens bred for rapid growth and 
meat production provide an excellent model of spontaneous IPAH, with 
many classic symptoms and a genetically tractable system for elucidat-
ing the underlying causes . In this experiment relative gene expressions 
of adenosine A1 receptor (ADORA1) (Accession No: NM_204316 .3) 
and serotonin transporter (SERT) (Accession No: NM_213572) were 
compared in hearts from broilers with acute right ventricular failure (n 
= 6) and from healthy birds (n = 6) . A quantitative real-time polymerase 
chain reaction assay was performed with the 7500 fluorescence detec-
tion system (Applied Biosystems, Foster City, CA) using Bio SYBR 
Premix Ex Taq (TaKaRa, Japan) following company instruction for 40 
cycles . There were major increases in adenosine A1 receptor (211%) 
and serotonin transporter (475%) gene expressions in broilers with right 
ventricular failure compared with healthy birds (P < 0 .01) . This novel 
report shows that pulmonary hypertension related gene expression in 
broilers is similar to that in humans . This molecular similarity between 
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PH in broilers and human patients suggests, first, that they will make a 
suitable animal model for PH in humans, but also that the literature on 
PH in humans may be profitably applied to the study of PH in broilers.

Key Words: ascites, gene expression, broiler, right ventricular hyper-
trophy, pulmonary hypertension



Poult. Sci. 96(E-Suppl. 1)72

Student Competition: Management and Production II

192   Broiler litter nutrients and production in the Chesapeake 
Bay watershed. Erica Rogers*, Paul Patterson, and R . Michael 
Hulet, Penn State University, University Park, PA.

Many industries are impacted by the Chesapeake Bay (CB) watershed 
(165,759 km2) making it one of the most studied in the world . The 
EPA introduced the CB Total Maximum Daily Load (TMDL) in 2010 
allowing a total of 84 .3 million kg of nitrogen (N), 5 .67 million kg 
of phosphorus, and 2 .9 billion kg of sediment annually . The TMDL 
currently has outdated litter nutrient numbers for poultry that needs 
updating to show the progress within the industry, specifically with 
broilers . The purpose of this study was to collect litter nutrients and 
amounts from broiler flocks under the following management styles: 
single cycle conventional (n = 2), single cycle antibiotic free (ABF) (n 
= 2), and single cycle organic (n = 3). Single cycle was defined as one 
flock grown on the bedding before being removed. Flock records were 
gathered from integrators to compare with litter nutrient data and calcu-
late the kg of N, phosphate (P2O5), and Potash (K2O) per 100 birds and 
per 100 kg of birds . The data were analyzed using a one-way ANOVA 
using the GLM procedure of SAS 9 .4 at P ≤ 0.05 and Tukey’s range 
test for mean comparisons. Results showed no significant differences 
between single cycle conventional, organic, and ABF for kg of nutri-
ent/100 birds with P-values of 0 .2265, 0 .4427, and 0 .1811 for N (4 .74 
± 0 .004), P2O5 (3 .55 ± 0 .004), and K2O (3 .94 ± 0 .004) respectively . 
Additionally, no significant differences were seen for kg of nutrient/100 
kg of bird weight for N (2 .08 ± 0 .002), P2O5 (1 .56 ± 0 .002), and K2O 
(1 .73 ± 0 .002) having P-values of 0 .6726, 0 .8201, and 0 .4683 . The 
current study kg of N/100 birds was compared with 1998 results (Pat-
terson et al .) and showed similar values of 4 .55 and 4 .74 respectively . 
For kg of P2O5/100 birds, the current study was lower at 3 .55 compared 
with 4 .02 . Lastly, the kg of K2O/100 birds was greater in the current 
study compared with the 1998 study with the values of 3 .94 and 2 .94, 
respectively. These findings suggest that single cycle litter use remains 
similar between management styles and needs to be updated within the 
TMDL to accurately showcase the true nutrient management scope of 
the broiler industry within Pennsylvania .

Key Words: nitrogen, phosphate, potash, litter, TMDL

193   Evaluation of biomass sorghum as an alternative bedding 
material in broiler houses. Patricia King*1, Jennifer Timmons2, 
Arthur Allen1, and Yeong Chi1, 1University of Maryland, Eastern 
Shore, Bishopville, MD, 2University of Maryland, Eastern Shore, 
Princess Anne, MD.

Over the past few years, pine-base sawmill closures in the Delmarva 
region have resulted in a 75% decrease in mill output causing major 
shortages in conventional bedding materials for the poultry industry . 
Thus, an alternative bedding material for broiler houses would provide 
the poultry industry with additional resources to meet these needs . 
The objective of this trial was to evaluate shredded forage sorghum 
as a replacement for traditional poultry litter bedding . There were 2 
treatments (TRT) used in this study . TRT included pine shavings bed-
ding (PS) and sorghum bedding (SOR) . Four thousand 0d straight-run 
broilers Ross 708 were obtained from a local commercial hatchery and 
400 chicks were randomly placed in each room at a stocking density 
of 1 square foot per bird . The 10 rooms were randomly assigned to 
a TRT using random complete block design with 5 replicates/TRT . 
The dependent variables included 45d body weight gain (BWG), 45 

d feed conversion rate (FCR), and weekly; ammonia (NH3), litter pH, 
and percent litter moisture . Data were analyzed using ANOVA . There 
were no significant differences (P > 0 .05) of BWG in broilers raised 
on PS versus SOR (5 .76 ± 0 .14 vs . 5 .70 ± 0 .16 lbs . /bird), respectively . 
Additionally, similar results were determined for FCR (PS 1 .70 ± 0 .05; 
SOR 1 .72 ± 0 .05), average litter pH (PS 7 .19 ± 0 .98 pH; SOR 7 .32 ± 
0 .76 pH), and average litter percent moisture (PS 29 .60 ± 8 .28 percent 
moisture; SOR 28.43 ± 6.42 percent moisture). However, significant 
differences were detected (P = 0.0016) between the average flock NH3 
concentrations measured in the PS TRT (17 .94 ± 16 .46 ppm/hour) 
compared with the NH3 concentration in the SOR TRT (11 .12 ± 12 .39 
ppm/hour) . In conclusion, based on the results of this study, SOR is a 
viable alternative bedding material for broiler chickens . Further study 
is needed to determine if SOR bedding would perform the same as PS 
under commercial broiler house conditions and practices .

Key Words: litter, bedding, pine shavings, sorghum, alternative

194   Commercial application of switchgrass as renewable alter-
native bedding for broilers in a single-cycle production system. 
Amy Barkley*, Paul Patterson, R . Michael Hulet, and Jude Liu, Penn 
State University, University Park, PA.

Switchgrass (SG) has potential as a bedding material, though little 
definitive knowledge exists regarding how to process it to optimize 
its performance . This study compares the effects of 2 SG beddings of 
distinct particle sizes on litter quality, bird performance and bird wel-
fare in 2 commercial houses . Half of each house was split into 6 cells 
measuring 6 .7m × 25 .4m, resulting in 3 replicate cells per treatment 
per house . Both bedding treatments used in this study were created by 
running baled SG through a tub grinder, where treatment 1 (S1) was run 
through a 1 .27cm down and 2 .54cm up pair of screens and treatment 
2 (S2) was run through a 2 .54cm down and 5 .08cm up pair of screens . 
Cells were stocked with 3,400 Ross × Ross straight run broiler chicks . At 
10 d of age, half of the chicks in all experimental cells were removed to 
leave a final stocking density of 0.33m2 per bird . Bedding was sampled 
before chick placement for moisture, pH, nutrient analyses (total N, 
ammonium N, organic N, P2O5, K2O, C, and C:N), energy density, 
particle size, water holding capacity, evaporative loss, and density . 
Litter was collected at 12, 35, and 45 d for moisture and pH evaluations . 
Litter score (scale 0–3, increasing by 1/4 increments), temperature, and 
ambient ammonia were also taken at these times. Litter ammonia flux 
and litter nutrients were evaluated at d 46 . At 12, 35, and 45 d, 25 birds 
per replicate cell were evaluated for body weights, footpad scores, and 
breast cleanliness scores . Data were analyzed via a one-way ANOVA 
using the mixed procedure of SAS version 9 .4 . Tukey’s test for mean 
comparisons was utilized, with significant values indicated at P ≤ 0.05. 
Although litter moisture was not significantly different among treat-
ments, S2 litter scores were poorer (P ≤ 0.0203) at all days evaluated. 
Footpad scores were worse for S2 on d 35 (P = 0 .0013) and 45 (P = 
0 .0087), though both litter and footpad scores were very poor overall . 
Body weights were significantly lower at d 12 for birds on S2 (0.25 ± 
0.00kg vs 0.26 ± 0.00kg), but were not significantly different for the 
remainder of the study . No differences were found among all other 
litter parameters except for end nutrient analyses, where S2 exhibited 
higher levels of K2O (P = 0 .0155) and S1 exhibited higher levels of C 
(P = 0 .0149) and a higher C:N (P = 0 .0257) . From these results, it can 
be concluded that switchgrass exhibits the most success as a bedding 
when processed to a smaller particle size .
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195   Evaluation of an engineered biocarbon for reduction of 
ammonia volatilization in broiler production. Haci Bayir*, Jundi 
Liu, Justin Fowler, and Casey Ritz, The University of Georgia, 
Athens, GA.

Ammonia volatilization from house litter can lead to adverse effects 
in broilers, such as reduced growth performance and increased disease 
susceptibility . Two experiments were conducted to evaluate the effect of 
an engineered biocarbon (Bio-C): (exp-1) as a feed supplement for reduc-
tion of ammonia generation, and (exp-2) to evaluate the effectiveness of a 
topical application of Bio-C to the litter on ammonia volatilization . Each 
experiment consisted of 4 treatments, with 4 replicates per treatment . 
In exp-1, Bio-C was incorporated into the feed at 0, 0 .2, 0 .6, and 1 .0% 
of the total diet . In exp-2, the 4 treatments consisted of 0, 50, and 100 
lbs/1000 ft2 of Bio-C on the litter, and a positive control treatment that 
consisted of 50 lbs/1000 ft2 sodium bisulphate (PLT) . Cobb-500 male 
birds (1760) were obtained on day-of-hatch and randomly distributed 
among treatment pens (55 bird/pen, 0 .75 ft2/bird) . Live performance 
data were recorded at 0, 7, 14, and 21 d of age . Ammonia equilibrium 
concentration in parts per million was measured at d 0, 5, 8, 12, 15, and 
21 by using both sulfuric acid traps and photoacoustic spectroscopy . Ileal 
digesta were collected from 3 birds per pen for digestibility analysis at d 
21. Data were analyzed using one-way ANOVA via SPSS, with signifi-
cant differences (P ≤ 0.05) separated by Duncan’s Multiple Range Tests. 
In exp-1, BW for treatments 0.2 and 0.6 (0.95 kg/bird) were significantly 
higher than the control treatment (0 .91 kg/bird) at d 21 . However, there 
were no significant differences for ileal digestibility and FCR. Ammonia 
concentrations were not significantly different between the control and 
feed Bio-C at any time point . In exp-2, the topical addition of Bio-C did 
not have an effect on ammonia concentration or growth performance 
compared with the control. The PLT treatment had significantly lower 
ammonia concentration when compared with other treatments at d 7, 
but there were not any significant differences at d 14 or 21. The addition 
of Bio-C into the feed had a positive effect on performance, but had no 
effect at ammonia reduction .

Key Words: ammonia, biocarbon, broiler, feed additive

196   Evaluation of layer cage cleaning and disinfection regi-
mens. Dima White*1, Shailesh Gurung1, Dan Zhao1, Yuhua Farnell1, 
J . Byrd2, and Morgan Farnell1, 1Texas A&M AgriLife Research, Col-
lege Station, TX, 2USDA, College Station, TX.

Layer cage cleaning and disinfection is important for disease prevention, 
however, published research is limited . The objective of this study was 
to determine the efficacy of common cleaning regimens on soiled layer 
cages . A trial was conducted to evaluate bacterial loads on individual 
cage floors within the same A-frame style layer house. Eleven treat-
ments were applied and 6 samples per treatment were collected . All 
products were mixed according to manufacturer recommendations . A 
low-pressure water rinse (LPWR, garden hose), a high-pressure water 
rinse (HPWR, power washer), a soap, and a chlorinated alkaline cleaner 
were used as non-disinfectant treatments . The soap and chlorinated 
alkaline cleaner treated cages received a HPWR after a 10-min contact 
time . A quaternary ammonium compound, a glutaraldehyde, a peracetic 
acid, a phenolic, a potassium peroxymonosulfate, and a hydrogen per-
oxide product were used to represent commercially available classes of 
disinfectants. Cage floors received a HPWR before application of each 
disinfectant . Disinfectants were applied for 10 min and then removed 

with a LPWR . All treatments except the HPWR and LPWR were 
applied via a household garden sprayer to the point of saturation . Swabs 
of cage floors were collected after treatment to determine if bacterial 
loads were reduced as compared with the negative control, which had 
no treatments applied . Aerobic bacteria, coliforms, Staphylococcus 
spp ., and Pseudomonas spp. were isolated to evaluate the efficacy of 
our treatments . Log reductions were subjected to a one-way ANOVA 
using the GLM procedure, with means deemed significantly different 
at P < 0 .05 . The number of total aerobes were reduced (P = 0 .0005) by 
the potassium peroxymonosulfate, peracetic acid, glutaraldehyde, and 
quaternary ammonium compound treatments . Reductions of aerobic bac-
teria ranged from 0 .81 to 1 .03 log10 cfu/sample . None of the treatments 
decreased coliforms (P = 0 .5282) or Staphylococcus spp . (P = 0 .4078) 
when compared with the negative control . All treatments reduced (P = 
0 .0002) Pseudomonas spp . when compared with the negative control, 
ranging from 0 .70 to 1 .57 log10 cfu/sample . These data suggest that char-
acteristics of cleaning and disinfection regimens can vary significantly 
and should be taken into consideration when choosing a chemistry for 
reducing the microbial load on agricultural surfaces .

Key Words: cleaning, disinfection, layer, biosecurity, cages

197   Effectiveness of duck hatching egg sanitization with the 
combination of hydrogen peroxide and ultraviolet light. Karely 
Cantu*1, Gregory Archer1, Zach Tucker2, and Craig Coufal1, 1Texas 
A&M University, College Station, TX, 2Maple Leaf Farms, Leesburg, 
IN.

Limited research has been published regarding methods and effective-
ness of duck hatching egg sanitization . Previous studies with chicken 
eggs have determined that hatching egg sanitization with the com-
bination of hydrogen peroxide (H2O2) and UV (UV) light improves 
hatchability and decreases the total microbial load on eggshells . The 
objective of this study was to compare the use of H2O2 and UV light to 
a traditional commercial sanitization method and evaluate egg microbial 
loads, hatchability, and overall duckling quality . Three sequential trials 
were executed to compare 3 treatments using White Pekin duck eggs that 
were obtained from a commercial duck breeder. One hundred ninety-five 
eggs from each treatment were incubated in 3 incubators per trial set to 
a temperature of 37 .5C and 55–60% humidity . After 25 d of incubation, 
the eggs were transferred to hatchers set at 36 .9C and 65–70% humid-
ity . Treatments consisted of 1) untreated control eggs, 2) eggs washed 
with a commercial hatching egg washer followed by application of a 
disinfectant, and 3) sanitization with a prototype sanitization machine 
which applies the H2O2 and UV light in a commercially feasible manner . 
For each treatment, 10 eggs were aseptically sampled at random before 
incubation for enumeration of the total number of microorganisms on 
the eggshell surface using aerobic plate count (APC) Petrifilms. All 
other eggs were incubated and hatched in a non-grouping distribution 
with alternation of machines per trial . A GLM using the model y = 
treatment, trial, and treatment × trial to analyze all data (P < 0 .05) . The 
average hatch of fertile for sanitized eggs was higher (85 ± 1 .7%) than 
the control (72 ± 5 .2%, P = 0 .000) and washed (76 ± 2 .5%, P = 0 .002) 
treatments . The average APC for control, washed, and sanitized treat-
ments were 5 .8 ± 8 .3, 2 .3 ± 1 .8, and 2 .3 ± 2 .3 log cfu, respectively . No 
differences were observed in duckling quality measures (P > 0 .05) . The 
data collected in this study demonstrates that using H2O2 and UV light 
as an egg sanitization method could be used to reduce the microbial 
load on eggs and improve hatchability without affecting duck quality .

Key Words: duck, hatching egg, hatchability, hydrogen peroxide, 
UV light



Poult. Sci. 96(E-Suppl. 1)74

Metabolism and Nutrition: Enzymes

198   Feeding low Ca and aP diets supplemented with phy-
tase to laying Japanese quails. Matheus Lima2, Fernando Perazzo 
Costa1, Leonilson Dantas1, Guilherme Lima1, Danilo Cavalcante1, 
Tiago Santos3, Gilson Gomes3, and Robert Van Wyhe*3, 1Federal 
University of Paraiba, Areia, Paraiba, Brazil, 2Federal University of 
Southern Bahia, Teixeira de Freitas, Brazil, 3AB Vista, Marlborough, 
United Kingdom.

Japanese quail production occurs worldwide, however there is still 
limitation of enzyme studies for these birds . The aim was to evaluate 
the influence of Ca and aP reduction and phytase supplementation on the 
performance of laying Japanese quails . The experiment was organized 
in a factorial 2 × 2 + 3 (2 levels of phytase: 0 and 500 FTU/kg; 2 Ca/aP 
levels: 3 .90/0 .29% and 3 .71/0 .12%; and graded reductions of Ca and 
aP by 5, 10 and 15% in relation to 3 .90% Ca and 0 .29% aP), a total of 
7 treatments with 6 replicates of 10 quails each, totaling 420 quails . 
Parameters analyzed were feed intake (FI, g/d), egg production (EP, 
%), egg weight (EW, g/egg), egg mass (EM, g/d), egg mass conversion 
(EMC, g/g), and egg dozen conversion (EDC, kg feed/dozen eggs) . The 
data were analyzed with 2-way ANOVA and polynomial regressions, 
based on Ca and aP reductions. There was significant interaction in FI 
(P = 0 .004), EP (P = 0 .026), EMC (P = 0 .002) and EDC (P = 0 .002) . 
Ca/aP reduction increased FI when there was no phytase (P = 0 < 0 .01; 
26 .00b vs 27 .12a), and this was reduced in the presence of phytase (P < 
0.01; 25.57b). EP was negatively influenced by Ca/aP reduction without 
phytase use (P = 0 .06; 86 .17 vs 83 .50), but the phytase supplementation 
of Ca/P reduced diets improved EP (P < 0 .01; 83 .50b vs 88 .17a) . The 
EMC and EDC results were obtained with birds fed diets reduced in Ca/
aP and supplemented with phytase (P < 0 .01; EMC: 2 .77a vs 2 .53b; and 
EDC: 0 .390a vs 0 .349b) . Analyzing the isolated effect of the factors, FI 
with 5% (26 .47ag/d/quail) Ca/aP reduction differed from 0% (25 .58bg/d/
quail) and 10% (25 .65bg/d/quail), but was similar to 15% (25 .95abg/d/
quail) reduction (P = 0.01). EP was influenced by Ca/aP reduction (P 
= 0.01), with a significant quadratic effect (EP = 0.0605x2 - 13 .03x + 
786 .4; r2 = 0 .84, P < 0 .008) . Maximum EP was obtained with a reduc-
tion of 7 .7% Ca and aP supplemented with 500 FTU/kg of phytase . In 
conclusion, dietary Ca and aP reduction impairs performance of laying 
Japanese quails, and supplementation of phytase improved performance, 
with a better effect of phytase on diets with Ca/aP reduced by 7%, which 
represents a reduction of at least 0 .85g/100g [Matheus1] of dicalcium 
phosphate in the diet .

Key Words: diet formulation, nutritional level, performance, Cotur-
nix coturnix japonica

199   Performance of laying hens fed low nutrient diets 
supplemented with phytase and xylanase from 46 to 94 weeks of 
age. Fernando Perazzo Costa1, Leonilson Dantas1, Matheus Lima2, 
Guilherme Lima1, Filipe Barros1, Danilo Cavalcante1, Tiago Santos3, 
Gilson Gomes3, and Robert Van Wyhe*3, 1Federal University of 
Paraiba, Areia, Paraiba, Brazil, 2Federal University of Southern 
Bahia, Teixeira de Freitas, Brazil, 3AB Vista, Marlborough, United 
Kingdom.

Studies with laying hens are often variable in their results, and little 
information is available when we speak of laying hens, and recently, 
where they are currently used up to, or over 100 weeks old . These 
older birds are generally more sensitive to mineral deficiency because 
they depend less on their body reserves . The aim was to evaluate the 

nutritional reduction of Ca and aP, associated with phytase and xylanase 
supplementation, in diets fed to W-36 hens from 46 to 94 w of age . A 
total of 490 birds were distributed in 7 treatments with 7 replicates of 10 
birds each, in factorial 3 (0, 450 and 1200 FTU/kg Phytase) × 2 (0 and 
12000 BXU/kg Xylanase) + 1 (Positive Control, without enzymes), with 
2-way ANOVA and T-Student Test to compare data . The Positive Control 
had 3 .9% Ca and 0 .291% aP, and the Negative Control (CN) 3 .71% Ca 
and 0.119% aP. There was a significant interaction between phytase and 
xylanase supplementation in egg mass (P = 0 .04), feed conversion ratio 
per egg mass (P = 0 .005) and feed conversion ratio per dozen eggs (P 
= 0 .006) . Egg production without xylanase was improved by phytase 
(P < 0 .01; 69 .36b, but with no difference between the 2 phytase dos-
ages evaluated (P > 0 .05; 450FTU:78 .87%a and 1200FTU:80 .19%a . 
Supplementation of 12000 BXU/kg xylanase together with phytase was 
beneficial (P < 0 .01), improving egg production relative to hens fed 
only phytase . Phytase supplementation, regardless of dose, improved 
egg mass independently of xylanase dose (P < 0 .01); however, xylanase 
did not promote significant differences with 1200FTU/kg (P = 0 .09; 
52 .44g vs 53 .59g) . In the feed conversion per egg mass, 1200 FTU/kg 
+ 12000 BXU/kg promoted the best result (P < 0 .001; 1 .788b), and the 
feed conversion per egg dozen, the 12000 BXU/kg xylanase promoted 
better result with 450 and 1200 FTU/kg phytase (P < 0 .01; 450FTU/kg: 
1 .442 and 1200FTU/kg: 1 .424) . The association of phytase and Xylanase 
promotes increase performance of layers .; In conclusion, the reduction 
of Ca and aP reduced the performance of laying hens from 46 to 94 
w of age, and phytase at 450 or 1200 FTU/kg restored performance, 
particularly when fed with 12000 BXU/kg xylanase .

Key Words: diet formulation, nutritional levels, performance

200   Phytase supplementation in Ca- and available P-deficient 
diets maintains laying hen productivity. Abiodun Bello*1, Yueming 
Dersjant-Li2, and Doug Korver1, 1University of Alberta, Edmonton, 
AB, Canada, 2Danisco Animal Nutrition, DuPont Industrial Biosci-
ence, Marlborough, United Kingdom.

Dietary phytase supplementation increases hen P utilization to decrease 
production cost without adverse effects on the skeleton . The effects of 
a Buttiauxella sp . phytase (BSP) in Ca- and available P- (avP) reduced 
diets on laying hen egg production (EP) BW, feed intake, egg specific 
gravity and shell breaking strength were studied . Serum bone bio-
chemical marker concentrations (osteocalcin, pyridinoline, parathyroid 
hormone, Ca and P) and bone micro-architecture (including femur bone 
mineral densities (BMD), volume relative to non-bone, thickness, and 
separation in 2 and 3 dimensions) were measured at 78 wk of age (woa) . 
Hens (n = 20) were fed each of 5 diets from 68 to 78 woa . Diets were 
a positive control (PC, 0 .35% avP and 3 .5% Ca); the PC diet with avP 
and Ca reduced by 0 .187 and 0 .159% units, respectively (NC1) or by 
0 .231 and 0 .275% units, respectively (no inorganic P inclusion; NC2); 
or NC1 or NC2 + BSP at 600 FTU/kg (NC1+BSP or NC2+BSP) . 
Data were analyzed with Proc Mixed and means compared by LSD . 
EP was 11 to 13% lower (P < 0 .001) for the NC2 hens than the other 
hens across age, with similar effects on feed intake, BW, and eggshell 
quality . Serum pyridinoline (bone resorption) was 20 to 28% higher (P 
= 0 .002) in NC2 hens than in the other groups, with no effect on other 
bone markers . Also, 3D cortical BMD was decreased by 1 .6% and the 
3D medullary bone volume to non-bone was decreased by 16 to 21% 
for the NC2 relative to PC and NC1+BSP hens (P ≤ 0.050). Effects on 
2D and 3D medullary bone thickness also followed the same pattern as 
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the bone micro-architectural traits, with no effects on bone separation . 
The lack of difference for the majority of the parameters between NC1 
and PC, NC1+BSP, and NC2+BSP showed that the NC1 hens com-
pensated for the reduced dietary Ca and avP to maintain productivity 
and bone quality, and thus phytase had no further effect . The decreased 
performance, eggshell quality, and bone micro-architecture, and the 
increased serum pyridinoline in the NC2 hens relative to other groups 
indicated Ca and avP deficiencies, which was alleviated by the 600 
FTU/kg BSP. Phytase supplementation in Ca- and avP-deficient diets 
from 68 to 78 woa maintained productivity without adverse effects on 
bone quality of laying hens .

Key Words: available phosphorus, bone, calcium, laying hen, 
phytase

201   Effect of phytase on growth performance, phytate degra-
dation and expression of myo-inositol transporters in the small 
intestine, liver and kidney of 21-day-old broilers. Carrie Walk*1 
and Oluyinka Olukosi2, 1AB Vista, Marlborough, Wiltshire, United 
Kingdom, 2Scottish Rural College, Ayr, United Kingdom.

An experiment was conducted to evaluate phytase dose on growth 
performance, phytate degradation in the gizzard and ileum, and the 
expression of myo-inositol transporters and alkaline phosphatase in 
tissues of 21-d old broilers . Two-hundred and forty, male, Ross 308 
broilers were obtained at day of hatch and randomly assigned to one of 4 
diets, with 10 pens per diet and 6 birds per pen from d 1 to 21 . The diets 
consisted of a negative control (NC) formulated to meet or exceed Ross 
308 nutrient requirements with the exception of calcium and available P, 
which was reduced by 0 .16 and 0 .15%, respectively . The NC diet was 
supplemented with 0, 500, 1,500 or 4,500 FTU/kg of phytase to create 4 
experimental diets . On d 21, all birds per pen were euthanized to obtain 
digesta and tissue samples for phytate degradation and gene expression . 
Data were analyzed using the fit model platform in JMP v 13.0. Means 
were separated using orthogonal linear and quadratic contrast statements . 
Phytase supplementation increased body weight gain (linear, P < 0 .05) 
but had no effect on feed intake or feed conversion ratio . Phytate (IP6; 
quadratic, P < 0 .05), phytate ester (IP5, IP4, IP3; quadratic, P < 0 .05) 
and inositol (linear, P < 0.05) concentration in the gizzard was influ-
enced by phytase supplementation . Phytase supplementation decreased 
IP6 (linear, P < 0 .05) and IP5, IP4, IP3 (linear or quadratic, P < 0 .05) 
and increased inositol (quadratic, P < 0 .05) concentration in the ileal 
digesta . The expression of the H+ dependent myo-inositol transporter, 
HMIT, was decreased (linear, P < 0 .05) in the kidney and increased 
(linear, P < 0 .05) in the ileum as phytase dose increased . Expression 
of the sodium-dependent myo-inositol transporter, SMIT2, increased 
in the liver (quadratic, P < 0 .10) and the jejunum (quadratic, P < 0 .05) 
as phytase dose increased . Intestinal alkaline phosphatase expression 
increased in the ileum (linear, P < 0 .05) as phytase dose increased . 
The influence of phytase on phytate, phytate esters and inositol may 
influence intestinal alkaline phosphatase activity and the expression of 
myo-inositol transporters in the kidney and small intestine .

Key Words: broiler, gene expression, myo-inositol, phytase, phytate 
degradation

202   Effect of phytate esters and inositol created by phytase 
supplementation on broiler performance and nutrient digest-
ibility. Carrie Walk*1 and David Ledoux2, 1AB Vista, Marlborough, 
Wiltshire, United Kingdom, 2University of Missouri, Columbia, MO.

An experiment was conducted to evaluate the influence of phytate, 
phytate esters and inositol created from phytate destruction of 2 phytases 
on broiler performance and digestibility . Cobb 500, straight-run broil-
ers (n = 1,824) were assigned to one of 6 diets with 8 pens/diet and 38 
birds/pen from d 1 to 42 . The diets consisted of a positive (PC) and a 
negative control (NC) formulated to meet or exceed nutrient require-
ments, except calcium and available P in the NC which were reduced by 
0 .12 and 0 .07%, respectively . The NC diet was then split to create the 
5 remaining diets and contained 0, 150 and 1,500 FTU/kg of phytase A 
(a wild-type E. coli phytase) or 150 and 1,500 FTU/kg of phytase B (a 
third-generation E. coli phytase) to create 6 diets . Data were analyzed 
by ANOVA in JMP v 13 .0 and means were separated using a multiple 
t-test . The phytases resulted in varying concentrations of phytate (IP6), 
phytate esters (IP5, IP4, IP3) and inositol in the gastrointestinal tract . 
Results were correlated with nutrient digestibility and performance . 
There was no effect of diet on feed intake or body weight gain from d 1 
to 42 and these results were not unexpected due to the marginal differ-
ence in available P between the PC and NC diets . Feed conversion ratio 
(FCR) and FCR corrected to a common body weight were improved (P 
< 0 .05) in birds fed 1,500 FTU/kg phytase B compared with all other 
diets except birds fed 1,500 FTU/kg of phytase A, which was different 
to birds fed the NC diet . Birds fed 150 FTU/kg phytase A or phytase B 
had reduced (P < 0 .05) IP6 and IP5 and increased (P < 0 .05) IP4, IP3, 
and inositol concentration in the gizzard and ileum digesta compared 
with birds fed the PC and NC diets . Birds fed 1,500 FTU/kg phytase 
B had the lowest (P < 0 .05) concentration of IP6, IP5, IP4 and IP3 in 
the gizzard and IP6 and IP5 in the ileum compared with all other diets . 
Apparent ileal P and total amino acid digestibility was highest (P < 0 .05) 
in birds fed 1,500 FTU/kg phytase B compared with birds fed all other 
diets . There was a relationship (P < 0 .05) between the concentration of 
IP6, IP5, IP4 or IP3 in the gastrointestinal tract and nutrient digestibility 
and the response is different depending on the phytate ester and the 
nutrient . In conclusion, 150 FTU/kg of phytase increased IP4 and IP3 
concentrations in the gastrointestinal tract and this was further reduced 
with 1,500 FTU/kg of phytase, resulting in improvements in nutrient 
digestibility and FCR .

Key Words: broiler, myo-inositol, nutrient digestibility, phytase, 
phytate esters

203   Optimal Buttiauxella phytase level for broilers. Dani-
ella Donato*1, Luciana Franco1, Mauricio Cunha1, Ana Paula de 
Oliveira1, Mirella Melaré2, Henrique Nogueira2, and Nilva Sako-
mura2, 1DuPont, Paulinia, Sao Paulo, Brazil, 2Univ. Estadual Pau-
lista, Jaboticabal, Sao Paulo, Brazil.

Phytase is known for its role in releasing phosphorus (P) from phytic 
acid molecules, causing better nutrient utilization leading to better 
animal performance and/or feed cost reduction resulting in improved 
production profitability. Understanding the optimal level of phytase to 
improve nutrient utilization and performance by broilers is essential to 
maximize poultry profitability. The objective of this study was to evalu-
ate performance, ileal digestibility of energy, protein, P and calcium 
(Ca), bioavailability of P and bone characteristics of broilers fed diets 
supplemented with Buttiauxella phytase . A total of 1,920 male Cobb500 
broilers were assigned to 8 treatments and 8 replications in a completely 
randomized design . Treatments consisted of Positive Control (PC; meet-
ing the nutritional requirements); 2 Negative Controls (reduction of 0 .15 
and 0 .17% avP, and 0 .13 and 0 .16% Ca, with no enzyme, for NC1 and 
2, respectively); and addition of 5 Buttiauxella phytase levels on NC2: 
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500; 750; 1000; 1500; and 2000 FTU/kg . All data were analyzed using 
Tukey test with significance set at 5%. Data were fit to broken-line 
quadratic model (BLQM) to estimate the optimal Buttiauxella phytase 
supplementation . The reduction in Ca and avP negatively affected per-
formance, bone characteristics and phosphorus digestibility . On aver-
age, Buttiauxella phytase supplementation was able to improve BWG 
in 15%, FCR in 2%, bone resistance in 57%, P digestibility in 35% in 
comparison to NC2 . The estimations of 1254, 1100, and 1376 FTU/kg 
were obtained for optimal responses of FCR (1–42d), bone resistance 
and P bioavailability (21d), respectively . In conclusion 500 FTU/kg is 
enough to correct for performance loss associated with 0 .17% avP and 
0 .16% Ca reduction . Additionally, according to BLQM evaluation, levels 
from 1100 to 1376 FTU/kg of Buttiauxella phytase can provide the 
optimal P bioavailability, bone characteristics, and feed conversion ratio .

Key Words: bone characteristics, enzyme, ileal digestibility, perfor-
mance, phosphorus bioavailability

204   Effect of a new 6-phytase, Natuphos E, on broiler perfor-
mance at variable calcium/phosphorus ratios in corn/soy diets. 
Michael Coelho*, BASF Corporation, Humble, TX.

The objective of this study was to evaluate the efficacy of a 6-novel 
phytase, Natuphos E, on broiler performance in corn/soy diets, at vari-
able Ca/nPP ratios . A total of 1656 Male Cobb 500 broilers were used 
in a randomized complete block design pen trial (23 birds/pen × 8 Ca/
nPP ratios × 9 replicates) . nPP was 0 .45% and Ca increased from 0 .75% 
to 1 .10% to make the following Ca/NPP treatments 1 .7, 1,8, 1 .9, 2 .0, 
2 .1, 2 .2, 2 .3 and 2 .4 . Performance at 14 d were measured . Data were 
subjected to ANOVA and orthogonal contrasts were used to determine 
linear and quadratic responses to Ca/nPP ratios . From 0 to 14 d, with-
out phytase, bird weights were 435, 441, 444, 436, 431, 421, 405 and 
382 g . Ca/nPP ratio effect was quadratic (P < 0 .05) . Bird weight at 1 .9 
ratio was significantly (P < 0 .05) higher than bird weights at ratio 1 .7, 
2 .0, 2 .1, 2 .2, 2 .3 and 2 .4 . Bird weights increased from Ca/nPP 1 .7 to 
1 .9 and then decreased to a Ca/nPP of 2 .4 . The optimum Ca/nPP ratio, 
without phytase was 1 .9 Ca/nPP (Ca/tP 1 .4) . Ca is an essential nutri-
ent, but when fed at higher levels, calcium maybe chelating essential 
nutrients P, Ca, AA and energy . Using the best Ca/nPP ratio of 1 .9 from 
the previous experiment, a second experiment was run with a total of 
1656 male Cobb 500 broilers in a randomized complete block design 
pen trial (23 birds/pen × 8 Ca/NPP ratios × 9 replicates) . nPP was 
0 .45% and Ca 0 .85% . 500 FTU/kg Natuphos E was added to the diet 
and P was reduced in the base diet at a fixed rate of 0.15%, while Ca 
reductions were 0 .15%, 0 .16%, 0 .17%, 0 .18%, 0 .19%, 0 .20%, 0 .21% 
and 0 .22% . Body weights were 395, 419, 434, 440, 445, 453, 449, and 
441 g . Removal of different Ca levels was quadratic (P < 0 .05) . Bird 
weight in treatment removing 0.20% Ca was significantly (P < 0 .05) 
higher than weights when removing 0 .15%, 0 .16%, 0 .17%, 0 .18%, 
0 .19% and 0 .22% Ca . Bird weights increased from 0 .15% Ca removal 
to 0 .20% and then decreased to 0 .22% . The highest bird weight was at 
0 .15% nPP and 0 .20% Ca removal from base when adding 500 FTU/
kg phytase . In summary, when feeding 0 .45% nPP without phytase, 
the highest body weight was at Ca 0 .85%, Ca/nPP 1 .9 and Ca/tP 1 .42 . 
When feeding 500 FTU/kg Natuphos E, the highest bird weight was at 
a P reduction of 0 .15% and a Ca reduction of 0 .20% . Industry currently 
removes at best the same amount of Ca as P, i .e ., 0 .15% Ca and 0 .15% 
P . Calcium feeding management in the presence of phytase is critical 
to the efficacy of phytase and bird performance.

Key Words: phytase, broiler, performance, calcium, Ca/aP

205   Effect of a novel 6-phytase, Natuphos E, on turkey 
performance, calcium and phosphorus retention and excretion. 
Annamaria Tischler2, Michael Coelho*1, Peter Ader3, and Janos Tos-
senberger2, 1BASF Corporation, Humble, TX, 2Kaposvar University, 
Guba, Hungary, 3BASF SE, Lampertheim, Germany.

The objective of this study was to evaluate the efficacy of a novel 
6-phytase on turkey performance, calcium and phosphorus retention 
and excretion . A total of 504 Converter hybrid male turkeys were used 
in a randomized complete block design with 4 treatments in 7 blocks . 
A 3-phase feeding program was used, P1 diet from 1 to 21d, P2 22–42d 
and P3 43–63d. The diets were corn-soybean-sunflower meal, sup-
plied in a mash form in P1 and pelleted form in P2 and P3 . Treatments 
consisted of one positive control (PC) diet formulated at breed recom-
mendations (P1/P2/P3 Ca at 13 .4, 10 .6 and 10 .0, and P at 10 .0, 8 .0 and 
8 .3 g/kg), one negative control (NC) diet, with a combined reduction 
of phosphorus and calcium (P1/P2/P3 Ca at 10 .3, 8 .0 and 7 .6, and P at 
7 .0, 5 .6 and 5 .0 g/kg) . The NC diet was supplemented with increasing 
doses of phytase (0, 125, 250 FTU/kg feed) . Performance for phase P1/
P2/P3 and calcium and phosphorus retention and excretion at 38–44 and 
57–63 d were measured . Data were analyzed with ANOVA . At d 63, bird 
live weights for PC, NC+125 and NC +250 (6381 .7, 5313 .8 and 5651 .0 
g) were significantly higher (P < 0 .0001) than NC, feed intake for PC, 
NC+125 and NC+250 (160.4, 139.3 and 146.3 g/d) was significantly 
higher (P < 0.0001) than NC, FCR for PC (1.71) was significantly better 
(P < 0 .0081) than other treatments . At 63 d, NC +125 and NC+250 
increased live weight by 5 .8% and 12 .5% vs NC, increased feed intake 
by 8 .8% and 14 .3% vs NC . Phytase supplementation did not improved 
significantly the feed conversion vs NC. At the 34–44d collection period. 
P retention for PC, NC+125 and NC+250 (535 .0, 402 .0 and 378 .1 
mg/d) was significantly higher (P < 0 .0001) than NC . P excretion or 
NC, NC+125 and NC+250 (327.4, 329.4 and 280.3) was significantly 
lower (P < 0 .0001) than PC . P retention increased vs NC with phytase 
addition (P < 0 .0001) . At the 57–63d collection period, the Ca retention 
for PC, NC+125 and NC+250 (1090 .1, 1109 .3 and 1350 .3 mg/d) was 
significantly higher (P < 0 .0001) than NC, P retention for PC, NC+125 
and NC+250 (1043.5, 928.0 and 980.9 mg/d) was significantly higher (P 
< 0 .0001) than NC . P excretion for NC, NC+125 and NC+250 (436 .1, 
475.7 and 468.4) was significantly (P < 0 .0001) lower than PC . P reten-
tion increased vs NC (P < 0 .0001) with phytase addition . In summary, 
when the new Natuphos E 6-phytase was added to a NC diet reduced 
in P and Ca, Natuphos E was efficacious in increasing bird feed intake 
and weight and P retention vs NC .

Key Words: novel 6-phytase, performance, turkeys, P retention, P 
excretion

206   The combination of xylanase, amylase, and protease con-
sistently improves FCR in broilers fed different types of diet: A 
meta-analysis. Luke Barnard*, Andres Belalcazar, and Luis Romero, 
Dansico Animal Nutrition, Marlborough, United Kingdom.

The aim of the study was to investigate the impact of a xylanase (X), 
amylase (A) and protease (P) feed enzyme combination (AxtraXAP) 
on the feed conversion ratio (FCR) of 42d old broilers across a variety 
of diet types . To do this a meta-analysis was carried out with 9 different 
trials with a total of 7824 birds . To be included each data set needed 
a control and 2 doses of the enzyme treatment (XAP) which provided 
either 1000 U, 100 U and 2000 U (dose 1) or 2000 U, 200 U or 4000 
U (dose 2) of X, A and P per kg feed, respectively . Each study had a 
similar design, all birds were fed ad libitum and 500 FTU/kg of phytase 
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was included in all diets . Diets varied across the trials but were based on 
corn or wheat with soybean meal and varying degrees of by-products . 
The dependent variable was 42d FCR . Independent variables considered 
in the model were; total arabinoxylan to metabolizable energy ratio 
(TAX:ME), enzyme dose (XAP) and bird weight . Linear and quadratic 
terms were explored as well as interactions between TAX:ME and 
enzyme treatment. Only significant effects were included in the final 
model (a = 0.05). There was a significant linear effect of final body-
weight (−0.0003, P < 0 .01), XAP supplementation and the interaction 
between XAP supplementation and TAX:ME on 42d FCR . As XAP 
dose increased FCR decreased (−0.044, P < 0 .01) . In the absence of the 
enzyme increasing TAX:ME increased 42d FCR, in diets with supple-
mentation of XAP at dose 1 there was no effect of increasing TAX:ME 
on 42d FCR and in diets with supplementation of XAP at dose 2 there 
was a decrease in 42d FCR with increasing TAX:ME . Applying the 
model estimates to simulated diets predicted improvements in 42d FCR 
of 0 .7, 1 .3 and 1 .9% relative to a control diet with dose 1 of the XAP 
combination in simple, intermediate, and complex diets, respectively . 
Supplementation of dose 2 predicted improvements of 1 .4, 2 .7 and 
3 .9% in 42d FCR relative to the control in the same diets . In conclusion, 
this enzyme combination can alleviate some of the negative effects of 
dietary non-starch polysaccharides on bird performance . This results in 
improvements in efficiency and flexibility in feed formulation.

Key Words: broiler, xylanase, amylase, protease, meta-analysis

207   The combination of xylanase, amylase and protease 
consistently improves energy, nitrogen, starch and fat digestibil-
ity in broilers fed different types of diet: A meta-analysis. Luke 
Barnard*, Andres Belalcazar, and Luis Romero, Dansico Animal 
Nutrition, Marlborough, United Kingdom.

The aim of the study was to investigate the impact of a xylanase (X), 
amylase (A) and protease (P) feed enzyme combination (AxtraXAP) on 
the digestibility of nutrients across a variety of diet types . To do this a 
meta-analysis was carried out with 15 different data sets generated across 
7 studies with a total of 1104 birds . To be included each data set needed 
a control and an enzyme treatment (XAP) which provided 2000 U, 200 
U and 4000 U of X, A and P per kg feed, respectively . Each study had a 
similar design, all birds were fed ad libitum and 500 FTU/kg of phytase 
was included in all diets . Diets varied across the trials but were based on 
corn or wheat with soybean meal and varying degrees of by-products . 
Starch, fat, protein and energy digestibility were modeled individually . 
A code was assigned to each data set per trial which was used as a 
random effect . Independent variables considered in the models were; 
the nutrient, enzyme treatment and substrate levels (NSP) . Linear and 
quadratic terms were explored as well as interactions between nutrient 
levels, substrate levels and enzyme treatment. Only significant effects 
were included in the final models (a = 0.05). For the starch digestibility 
model, there was a significant effect of dietary starch level, XAP treat-
ment and significant interactions between dietary starch level and XAP 
as well as dietary NSP and XAP . For the fat digestibility model, there 
was a significant effect of XAP treatment, dietary NSP and dietary fat 
level. For the protein digestibility model, there was a significant effect of 
XAP treatment and dietary NSP level . In the energy digestibility model, 
there was a significant effect of XAP treatment, with enzyme addition 
increasing energy digestibility by 3 .3%, equating to around 95kcal/ kg in 
a typical diet . For starch, fat and protein increasing NSP level decreased 
digestibility of the nutrient . In all cases supplementation of the enzyme 
resulted in a significant increase in the digestibility of the nutrient. In 
conclusion, this enzyme combination can alleviate some of the negative 

effects of dietary NSP on nutrient digestibility, which increases produc-
tion efficiency and enables flexibility in feed formulation.

Key Words: digestibility, xylanase, amylase, protease, meta-analysis

208   Total-tract digestibility of non-starch polysaccharide por-
tion of diets in 21 and 42 d-old birds fed diets with and without 
composite enzymes supplementation. Pramir Maharjan*, Katie 
Hilton, Maria Cortes, Michael Schlumbohm, Garret Mullenix, Anto-
nio Beitia, Judith England, and Craig Coon, University of Arkansas, 
Fayetteville, AR.

A study was conducted to understand the digestibility of non-starch 
polysaccharide (NSP) in diets with and without composite enzyme 
(CE) product in 21- and 42-d-old birds . CE consisted of protease (3750 
U/kg), carbohydrases (529 .2 U/kg), and phytase (1500 U/kg) used in 
grower phase diet (d 15 – 28), whereas protease was absent in finisher 
phase diet (d 29- 42) . There were 3 dietary treatments in each grower 
and finisher phase -diet without CE, Negative Control (NC); diet with 
CE (NCE diet); and Cobb standard diet, Positive Control (PC) . NC and 
NCE diets were isocaloric and consisted of 3020 kcal/kg ME at grower 
phase and 3026 kcal/kg ME at finisher phase. PC diet was upregulated 
with 88 and 99 kcal/kg ME for grower and finisher diets than NC and 
NCE diets . There were 12 birds /cage as a replicate and 6 replications 
per treatment diet . All treatment diets were separated as soluble and 
insoluble NSP fractions, and later analyzed for NSP content for each 
fraction in the form of individual monosaccharides using gas chroma-
tography . Pooled excreta samples from each replicate and treatment 
diets were collected on 21 and 42 d-old birds and NSP content were 
similarly analyzed. Digestibility coefficients (DC) were determined for 
each of the treatment diets at both the growth phases . Average d 21 and 
d 42 DC for insoluble NSP in NCE diet were 0 .766 (SEM 0 .017) and 
0 .708 (SEM 0 .020) respectively whereas DC was lower (P < 0 .05) for 
NC and PC diets at both the phases (DC 0 .60- 0 .62) . DC measured for 
soluble NSP fractions for treatment diets were at 0 .7- 0 .8, higher (P < 
0 .05) than counterpart insoluble fractions . At monosaccharide level for 
insoluble NSP fractions, DC for glucose was above 0 .8 at d 21 and d 42 
whereas DC for galactose ranged 0 .51- 0 .62 at d 21, and 0 .41- 0 .58 at 
d 42 for treatment diets . DC measured for arabinose was 0 .43 for both 
NC and PC at d 21 while it was 0 .58 and 0 .52 at d 42 for respective 
diets . With NCE diet, DC for arabinose was 0 .45 at d 21 and 0 .64 at d 
42 . Xylose was the least digestible with average DC values of ~0 .40 
for all treatment diets at d 21, whereas it was 0 .58 with NCE diet at d 
42 . The results of this study demonstrated that the use of supplemental 
enzymes was helpful to improve digestibility of NSP in diets .

Key Words: non-starch polysaccharide, composite enzyme, digest-
ibility, broiler

209   Single xylanase activity versus more complex enzymes 
offerings and their effect on broiler performance and carcass 
characteristics. Milan Hruby*2 and Luke Barnard1, 1DuPont Indus-
trial Biosciences, Marlborough, United Kingdom, 2DuPont Industrial 
Biosciences, Woodbury, MN.

A study was conducted to determine the effect of feed enzymes based on 
either endoxylanase (X) or combination products containing individual 
activities of endoxylanase, α-amylase and subtilisin protease (XAP) on 
broiler performance and carcass characteristics . Furthermore, the study 
also assessed the importance of xylanase and amylase (XA) dose in 
a combination with protease (P) in corn/soybean meal (SBM) based 
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diets. 2700 male broilers (Ross 708) were kept in 60 floor pens for a 
period of 49 d . The enzyme products were offered on top of corn/SBM 
based diets resulting in the following treatments with 12 replicates per 
treatment and 45 birds per replicate: Control with no enzymes (Ctrl), 
Ctrl+X (X), Ctrl+50% XAP(50XAP), Ctrl+100% XAP (100XAP), 
Ctrl+50%XA100%P (50XA100P) . Body weight gain (BWG) and 
FCR at 14 and 28 d of age were improved (P < 0 .0001) in 100XAP 
and 50XA100P treatments compared with Ctrl . At 39 and 49 d of age, 
BWG was improved (P < 0 .0001) in all enzyme treatments compared 
with Ctrl with 100XAP and 50XA100P also better (P < 0 .0001) than 
X and 50XAP . FCR was improved (P < 0 .0001) at 39 and 49 d of age 
with only 100XAP and 50XA100P compared with Ctrl . Tendency for 
a greater carcass yield was observed (P = 0 .125) with the enzymes 
addition . Breast yield, as % of live weight, was also improved with the 
enzymes addition, however, only 50XA100P treatment provided greater 
(P < 0.05) breast yield compared with Ctrl. No significant impact of 
the enzymes on abdominal fat weight was observed . The results sug-
gest that single and more complex feed enzyme offerings, based on a 
combination of several single enzyme activities, can benefit broiler 
performance . Moreover, the research also points to the importance of 
optimal enzyme dose and beneficial role of protease in all vegetable 
corn/SBM-based broiler diets .

Key Words: xylanase, xylanase/amylase/protease, broiler, perfor-
mance, carcass

210   Supplementation of protease and amylase to diets 
based on corn fractions segregated in densimetric table. Kelen 
Zavarize*1, Jose Menten1, Rafaela Pereira1, Diana Suckeveris1, 
Naiara Fagundes1, Glaucia Napty1, Alvaro Burin Junior1, Vitor Fas-
cina2, and Levy Teixeira2, 1University of Sao Paulo, Piracicaba, Sao 
Paulo, Brazil, 2DSM Nutritional Products, São Paulo, Brazil.

Supplementation of enzymes to improve nutrient digestibility and use 
of alternative feed ingredients could reduce the cost of dietary energy . A 
previous study indicated that low density corn segregated in densimetric 
table had less metabolizable energy than the high density fraction . In 
this study, a commercial corn hybrid was segregated to yield 25% of 
the low (LDC) and high (HDC) density fractions . After passing through 
the densimetric table the density of HDC and LDC were 770 and 740 
g/L, respectively . Corn-soybean meal based diets were formulated and 
supplemented or not with an enzyme blend [ENZ: protease, (RONO-
ZYME ProAct 15000 PROT/kg of feed) and amylase (RONOZYME 
HiStarch 80 KNU/kg of feed)] . The N-corrected apparent metabolizable 
energy (AMEn) and total-tract digestibility of dry matter (DM), protein 
(CP) and ether extract (EE) were determined with broiler chickens using 
the total collection method . A total of ninety-six 21-d-old male Cobb 
500 chickens were assigned to 24 metabolism cages (4 birds/cage) in a 
completely randomized design and a 2 × 2 factorial arrangement, with 
4 treatments and 6 replicates . The chickens were fed a common starter 
diet prior the initiation of the assay; after an adaptation period excreta 
collection occurred between 24 and 28 d of age . The diets formulated 

with HDC, LDC, HDC + ENZ and LDC + ENZ were determined to 
contain 2,897; 2,902; 2,946 and 3,024 kcal/kg of AMEn, respectively . 
The total-tract digestibility of DM, CP and EE was not affected by 
treatments . Interaction between the factors corn density and enzyme 
supplementation was not significant. < > ENZ improved the AMEn 
(P < 0 .05) but there was no difference between the corn densities . The 
differences in AMEn encountered were 49 and 122 kcal/kg when ENZ 
was supplemented to HDC and LDC diets, respectively . Results of this 
study indicated that the supplementation of the enzyme blend improved 
AMEn and could reduce the cost of production .

Key Words: broiler, digestibility, corn, protease, amylase

211   Effect of protease on chicks fed conventional versus under-
processed soybean meal in diets formulated similar to organic 
feed. Anthony Pokoo-Aikins*1 and Randy Mitchell2, 1Predue Farms 
Inc., Westover, MD, 2Perdue Farms, Salisbury, MD.

Soybean meal (SBM) is obtained when oil is removed by mechanical 
means (such as by an expeller) or solvent extraction . In either case, 
it must be properly heat-treated to deactivate anti-nutritional factors 
including trypsin inhibitor (TI), which impedes protein digestion . One 
of several requirements for SBM to be considered organic is that it 
must be mechanically processed and therefore is prone to undercook-
ing and high TI levels . Several proteases that aid in protein digestion 
have recently been commercialized . The objective of this trial was 
to investigate if 2 non-GMO proteases would offset the effect of the 
underprocessed SBM . Protease 1 (P1) and Protease 2 (P2) had calculated 
protease activities of 150 CPU/kg, and 6,250 PC/kg, respectively . Non 
heat-treated White Flake SBM (WFS) was used to mimic undercooked 
SBM . Approximately 1 g of synthetic MET/kg of total feed in the diet 
simulated organic diets . 576 straight run broiler chicks (8 birds/pen), 
were randomly assigned to 6 treatments (T) with 12 replicates per treat-
ment . The trial design was a randomized complete block with a 2 × 3 
factorial arrangement of treatments (2 SBM types (Conventional SBM 
or WFS) × 3 Enzyme scenarios (P1 or P2 or no enzyme)) . The treatments 
were: SBM/no enzyme (T1); SBM/WFS/no enzyme (T2); T1+P1 (T3); 
T2+P1 (T4); T1+P2 (T5); and T2+P2 (T6) . A control diet was fed from 
0 to 3 d and treatment diets from 3 to 16 d . Body weight gain (BWG) 
and feed conversion ratio (FCR) were dependent variables . Three birds 
per pen were used to determine pancreas weight (PW) relative to body 
weight . Inclusion of WFS reduced BWG (P < 0 .001), increased FCR (P 
< 0 .001), and caused pancreatic hypertrophy (P < 0 .001) . The values for 
BWG (g) were 500 .3ab, 356 .5c, 459 .5b, 366 .0c, 505 .8a, 352 .9c, for FCR 
were 1 .158a, 1 .551b, 1 .212a, 1 .515b, 1 .173a, 1 .604b and PW were 0 .4196a, 
0 .8565b, 0 .4322a, 0 .8002b, 0 .4108a, 0 .8525b for T1 to T6, respectively . 
Use of exogenous proteases neither improved BWG and FCR nor 
decreased pancreas size . Neither protease reduced the negative effect 
of underprocessed SBM for the duration of the trial . Longer duration 
trials and more research on protease actions are needed .

Key Words: organic broiler, pancreas, protease, soybean meal, 
trypsin inhibitor
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212   Graded levels of nicarbazin inclusion and influence on 
fertility and hatchability of broiler breeder eggs. Jeanna Wilson*1, 
Ken Bafundo2, Carla Aranibar1, and Ashley Owen1, 1University of 
Georgia, Athens, GA, 2Phibro Animal Health, Teaneck, NJ.

Nicarbazin is a coccidiostat that is used in broiler feed and in the 1950s 
this drug was determined to have negative effects on reproductive 
characteristics of chickens. The objective of this study was to find a no 
effect level in broiler breeders . Pullets (n = 288) were placed in indi-
vidual cages at 21 weeks of age and fed an age appropriate control diet 
through peak egg production at 31 weeks of age. Hens were artificially 
inseminated weekly and eggs collected 3 times per day . The breeder 
control diet fed from 23 to 31 weeks was also the 0 treatment diet . Weeks 
30–31 were considered the pre-treatment period (PRE-T), wk 32–33 the 
treatment (T) period when the nicarbazin (NCZ) diets (2, 6, 10, 25 and 
40 ppm, 4 replicates/diet) were fed and wk 34–35 the post-treatment 
(POST-T) period when the hens were returned to the control breeder 
diet . Eggs were incubated by day in the experimental period . Data were 
analyzed by a GLM Slice program in SAS (version 9 .4) . Consuming 
diets containing 2–40 ppm of NCZ did not affected egg production . 
Fertility was normal in eggs laid the first 7 d hens consumed NCZ. In 
hens consuming the diet with 40 ppm of NCZ, fertility was depressed 
during the second week of feeding the treatment diet (P = 0 .0008), and 
the lower fertility continued through 7 d POST-T . While fertility was 
not noted to be different during the 2 week treatment period for the 
other NCZ levels, fertility was lower in the hens consuming the 25 ppm 
diet the first week POST-T. Eggs from hens consuming NCZ had lower 
hatch of fertile, with the hens consuming the 40 ppm diet experiencing 
the greatest depression (17 .2–16 .7% decrease) when compared with the 
control . By the second week POST-T, hatch of fertile was similar among 
all hen groups . Hatchability followed a similar pattern with depressed 
hatchability in eggs from hens consuming the 40 ppm diet (P = 0 .0001) . 
Increased early embryonic mortality was observed in eggs from hens 
consuming NCZ, with the greatest impact in the 40 ppm dietary group 
(10 .7–13 .6% increase in early dead embryos; 1–3 d of development, P 
= 0 .0001) . Egg shell bleaching was noted after 7 d of NCZ consumption 
in eggs from the 25 and 40 ppm T groups and normal by 14 d POST-
T . The no effect level for broiler breeder hens was 25 ppm or less for 
fertility and 10 ppm or less for hatchability . The delay in bird response 
to NCZ stresses the importance of keeping samples of all delivered feed .

Key Words: broiler breeder hen, nicarbazin, fertility, hatchability, 
early embryonic mortality

213   Protein degradation of broiler breeders from the onset 
of lay through peak production. Garret Mullenix*, Xuemei Ding, 
Judith England, and Craig Coon, University of Arkansas, Fayetteville, 
AR.

The objective of the study was to see how protein degradation effects 
the onset and peak of lay in broiler breeders . Excreta was collected from 
hens at 28, 31, 35, 37, 39, 41 and 44 wks of age . 3-methylhistidine (3-mh) 
was extracted from the excreta samples and measured on an Agilent 
7890A gas chromatographer/5975C mass spectrometer . 648 broilerized 
pureline pullets were obtained at 21 wks of age and placed in individual 
layer coupes . At 28 wks of age 90 birds (n = 30 birds/weight group) 
were allocated into low, medium and high weight range groups . All birds 
were restrictively fed a generic corn/soybean breeder diet throughout 
the trial . There was no statistical difference (P = 0 .4191) in degradation 

of 3-mh between the high (426 .09 ± 37 .13 µmol/kg), medium (386 .18 
± 41 .8µmol/kg) and low (361 .77 ± 31 .6 µmol/kg) weight range birds 
at 28 wks or any age. Protein degradation did significantly increase for 
all birds from 28 wks (446 ± 53 µmol/kg) to 31 wks (780 .72 ± 53 µmol/
kg) of age (P < 0 .0001), before decreasing to 296 .58 ± 53 µmol/kg at 
44 wks . Total eggs produced per week by hen (P < 0 .0001) and eggs 
produced per day by hen (P < 0.0001) increased significantly from 28 
wk to 31 wk of age; and from 31 wk to peak production at 37 wk of age 
(P < 0.0001). 3-methylhistindine increased significantly (P = 0 .0306) 
when a hen laid 2 (980 .8 ± 141 .8 µmol/kg) eggs in day compared with 
1 (664 .2 ± 77 .5 µmol/kg) and 0 (646 .35 ± 70 .8 µmol/kg) eggs in a 
day, however 3-methylhistindine didn’t show a correlation to eggs in a 
week . This data indicates that broiler breeders are using their skeletal 
protein during the onset of lay to bring themselves into production and 
then slowly decrease degradation as the flock reaches peak production 
and decreased lay .

Key Words: breeder

214   Sexual maturation status at 21 weeks in 1957, 1978, 
1997, and 2015 broiler breeder pullets. Brenda Reimer*1, Valerie 
Carney1, Martin Zuidhof2, Doug Korver2, Frank Robinson2, and 
Nicholas Anthony3, 1Alberta Agriculture and Forestry, Edmonton, 
AB, Canada, 2University of Alberta, Edmonton, AB, Canada, 3Uni-
versity of Arkansas, Fayetteville, AR.

Quantitative feed restriction is used on broiler breeder flocks to maximize 
chick production . An experiment was conducted to determine effects of 
feed restriction programs on sexual maturation between 1957 and 2015 . 
400 pullets from 4 meat control strains (genetics from 1957 and 1978, 
University of Alberta; 1997 and 2015, University of Arkansas) were full 
fed (FF) or feed-restricted (R) to 19 weeks of age in floor pens, 2 pens 
per strain per treatment (n = 20, 29, 22 and 29, respectively, difference 
due to varying hatchability) . The restricted BW target curve was an 
average of Cobb & Aviagen breeder target BW available in 2015, as 
genetics from both companies were present in the 2015 control strain . 
The 1978, 1997 and 2015 R treatments were managed on a pen basis to 
this curve . The 1957 strain did not achieve the BW target and was FF 
throughout the experiment . At 19 wk 36 pullets per strain by treatment 
combination were individually housed . Pullets were housed in a light 
tight facility on at 8L:16D . Data were analyzed as an ANOVA using 
SAS 9.4 with significance assessed at P ≤ 0.05. At 21 wk of age, 16 
pullets per strain by treatment combination were euthanized after a 15 
h feed withdrawal period and dissected to determine sexual maturation 
status before photostimulation (14L:10D) . BW, P. Major, P. Minor, heart, 
liver, fatpad, ovary, oviduct, and gut weights were collected . BW was 
highest (P < 0 .001) in the 2015 FF treatment (5857 ± 101g), followed 
by the 1997 FF (4833 ± 94g), the 1978 FF (3071 ± 94g); followed by 
the 2015, 1997 and 1978 R pullets (2068 ± 101g, 2031 ± 101g, 2045 ± 
94g, respectively) which were not different from each other; the 1957 
strain had the lowest BW at 1568 ± 70g) . Onset of lay was observed in 
some birds before photostimulation . 31% of the 1957 strain had laid at 
least 1 egg by 21 wk, 16% in the 1978, 3% in 1997 and 14% in the 2015 . 
Across all strains, 89% in lay at 21 wk were FF . Ovary as a percentage 
of BW was highest in the 1957 strain at 1 .0 ± 0 .1%, with no differences 
between 1978, 1997 and 2015 strains (0 .5 ± 0 .1%, 0 .2 ± 0 .1% and 0 . 
Three ± 0 .1%, respectively; P = 0 .02) . Fatpad as a percentage of BW 
was 2 .9 ± 0 .2, 4 .5 ± 0 .2, 4 .9 ± 0 .2 and 2 .0 ± 0 .2% in the 2015, 1997, 
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1978 and 1957 strains respectively (P < 0 .001) . Initiation of reproductive 
development appears to have been affected by 60 years of selection .

Key Words: sexual maturation, genetic selection, feed restriction, 
photostimulation

215   BW restriction in female broiler breeders from 1957 to 
2015 to 19 weeks of age. Valerie Carney*1, Brenda Reimer1, Martin 
Zuidhof2, Doug Korver2, Frank Robinson2, and Nicholas Anthony3, 
1Alberta Agriculture and Forestry, Edmonton, AB, Canada, 2Uni-
versity of Alberta, Edmonton, AB, Canada, 3University of Arkansas, 
Fayetteville, AR.

Broiler breeders have been quantitatively feed restricted to maximize 
chick production for decades . An experiment was conducted to quantify 
the feed efficiency and BW restriction relative to genetic potential for 
BW of female broiler breeders between 1957 and 2015 . 400 pullets 
from 4 random bred meat control strains (genetics from 1957 and 1978, 
University of Alberta; 1997 and 2015, University of Arkansas) were full 
fed (FF) or feed-restricted (R) to 19 wk in floor pens with 2 replicate pens 
for each strain by treatment combination . Due to differences in hatch-
ability the number of birds per pen was balanced between treatments for 
each strain (n = 20, 29, 22 and 29, for 1957, 1978, 1997 respectively) . 
The restricted BW target curve was computed as an average of Cobb 
and Aviagen breeder targets available in 2015, as genetics from both 
companies were present in the 2015 control strain . The 1957 strain did 
not achieve the restricted BW targets and were full fed throughout the 
experiment . Feed allocations for the 1978, 1997, and 2015 R treatments 
were all managed on a pen basis to this curve . Individual BW was col-
lected weekly . Feed restriction began at 14 d for 1997 and 2015 strains, 
35d for 1978 strain . Data were analyzed by ANOVA (SAS 9 .4, 2016) . 
Average 19 wk BW was significantly lower (P < 0 .001) for the 1957 
strain (1395 ± 40 g) compared with all other strains and treatments . BW 
of the R treatments did not differ between the 1978, 1997 and 2015 (1723 
± 47 g, 1757 ± 62 g, 1751 ± 49 g, respectively) and were significantly 
different from BW of the FF treatments. FF BW was significantly dif-
ferent between all strains (P < 0 .001) (1978 = 2850 g, 1997 = 4718 g, 
2015 = 6110 g) . Over the last 40 years the relative restriction of BW has 
more than doubled . BW of 1978 R was 60 .4% of 1978 FF BW, 1997 
R was 37 .3% of the 1997 FF BW and the 2015 R BW was 28 .7% of 
2015 FF BW (P < 0 .001) . Feed intake of 1978 R was 57% of the 1978 
FF intake; similarly 1997 was 29% of FF, and 2015 was 25% of FF . 
Interestingly, the full fed cumulative feed efficiency over the 19 wk (g 
of feed: g of BW gain) was 1957 = 7 .0, 1978 = 4 .7, 1997 = 4 .5, 2015 = 
4.0 and feed efficiency in R treatments was 1978 = 4.4, 1997 = 3.6, 2015 
= 3 .6, which were not different from each other (P = 0 .64) . Selection 
over 60 years has resulted in pullets with higher BW potential which 
has led to the subsequent application of more severe feed restriction 
programs to maximize chick production .

Key Words: feed restriction, broiler breeder, genetic selection, feed 
efficiency

216   Effect of female feed allocation at 6 weeks of age and 
calcium:available phosphorus ratio during rearing on subsequent 
feathering and fertility of broiler breeders. John Brake* and Joa-
quin Cabanas, North Carolina State University, Raleigh, NC.

Previous investigations have suggested that the weekly female feed 
allocation at 6 wk of age influenced fertility after 45 wk of age. Fur-
ther, poor feather cover on older broiler breeder females has been 
found to interfere with mating and has been associated with decreased 

fertility . Poor feather cover has been reported to be associated with the 
calcium:available phosphorus (Ca:AvP) ratio during rearing . It was 
our hypothesis that applying a reduced Ca:AvP ratio during the rearing 
period before photostimulation in combination with a reduced feed 
amount at 6 wk of age would synergistically improve persistency of 
fertility by improving female feathering . Two dietary Ca:AvP ratios of 
2:1 and 1 .75:1 were applied to 1,280 Ross 708 and 288 YPM broiler 
breeders . Two female feeding programs were developed that achieved 
42 .5 or 50 g/female/d at 6 wk of age and reached 72 g at 16 wk of age 
and remained the same thereafter . These treatments were applied to 16 
pens of broiler breeders in a 2 × 2 design from hatching to 26 wk of 
age when all birds received a single breeder layer feed . Breeders were 
placed in sex separate pens in an enclosed fan-ventilated black-out rear-
ing house and thereafter transferred to a mix-sex curtain-sided laying 
house and photostimulated at 21 wk of age . Egg production, fertility, 
and hatchability data were collected incrementally from 25 to 64 wk 
of age . Back feather loss scores were determined at 60 wk of age with 
a 0 (fully feathered) to 7 (naked) scale . Data was analyzed using SAS 
9.4 with effects determined using ANOVA. There were no significant 
differences with respect to egg production or mortality . The 1 .75:1 
Ca:AvP treatment in combination with the 42 .5 g feed amount feeding 
program produced the best feathering, fertility, and hatchability (P < 
0 .05) . These data clearly show the importance of various factors applied 
during rearing on persistency of fertility in broiler breeder females .

Key Words: Feathering, broiler breeders, available phosphorus, 
hatchability, fertility,

217   Effect of post-hatch holding time and AviLighting on light 
intensity near feed and water areas, broiler body weights and 
uniformity at time of housing to 5-wks in antibiotic-free chicken 
programs. James McNaughton, Mike Barnas*, Mick Roberts, and 
Aaron Redden, AHPharma Inc., Hebron, MD.

Commercial chicken and turkey houses typically distribute birds onto 
pan feeders and water nipples 6–12hr and 12–24hr post-transport and 
post-hatch, respectively . Recent studies have focused on early feed-
ing practices (especially for antibiotic-free [ABF] chicken programs) 
during in ovo 17d egg transfer and early (6–48hr post-housing place-
ment) . Feed/water placement was delayed for 0 (control), 6, 12, 24, 
36 and 48hr (post-hatch holding time [PHHT]) and then all treatments 
(T1-T12) fed a 3075 kcal/kg (starter), 3125 (grower 22–35d) and 3175 
(finisher 36–42d) corn-soy ration in a controlled pen environment. In 
T1-T6, AviLighting Feeder and Water Lights (AVIL) were employed, 
simulating current ABF management practices that maximize broiler-
chicken and turkey live performance by furnishing high light intensity 
(Hi-LIN, > 10fc) around feed and water areas . T7-T12 employed 8W 
ceiling LEDs to simulate current industry standard low intensity (<4fc) 
lighting programs . In commercial-house simulation rooms (40’ × 50’ 2 
feed, 4 water lines), AVIL and 8W LEDs were compared at 12hr post-
housing (~18hr post hatch) . A sample of 150 birds (5-locations along 
the sidewalls and middle of the chicken house) were weighed, blood 
cortisol and blood glucose determined, humanely posted, and % empty 
crop/gizzard+litter-eaters (CGLE) determined . CGLEs were found 
to be < 3% in the AVIL and 18% in the 8W LED lighting programs . 
Blood cortisol was found to be significantly lower and blood glucose 
significantly (P < 0 .10) higher in the AVIL, as compared with 8W CFL 
lighting programs . Videos of bird reactions may be found at www .
ahpharma .com/videosundertitlePSA2017 . Body weights were linearly 
reduced (P < 0 .05) by 5, 7, 10, 12 and 15% for 6, 12, 24, 36, and 48hr 
PHHT respectively . Feed conversion and body weight uniformity cor-
responded by improving with each decreasing PHHT . During the 36 
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and 48hr PHHT mortality significantly (P < 0 .05) increased, as com-
pared with treatments with a lower PHHT or control . The commercial 
chicken and turkey industries are encouraged to house poultry-hatched 
product soon after hatch to minimize market-age body weight reduc-
tions, improve life-time feed efficiency and significantly increase body 
weight uniformity. By employing energy efficient AviLighting systems 
during antibiotic-free growing programs, birds were found previously, 
as well as, in these trials to be attracted to feeders and waterers when 
compared with ceiling lighting programs .

Key Words: ABF, post-hatch, chicken, lighting, LED

218   Early molting of layers: Impact on production and well-
being. Darrin Karcher*3, Deana Jones4, Cara Robison1, Prafulla 
Regmi3, and Krista Eberle2, 1Michigan State University, East 
Lansing, MI, 2North Carolina State University, Raleigh, NC, 3Purdue 
University, West Lafayette, IN, 4USDA ARS, Athens, GA.

A major disease outbreak can devastate an industry as was observed 
in the 2015 highly pathogenic avian influenza outbreak. The laying 
hen industry relies on scheduling pullet flocks to replace end-of-cycle 
laying hens. The unfortunate depopulation of pullet flocks that could 
not be placed into commercial housing disrupted this scheduling taking 
at least a year for all operations to be fully operational . This outbreak 
demonstrated that few to no options exist for dealing with pullets in 
a quarantined zone or with no available hen housing . Therefore, the 
objective evaluated the impact of an early production molt as a way to 
extend pullet-stay in the grower house in an event of disease outbreak . 
The experimental design reared cage-free Hy-Line W-36 pullets from 
0 to 16 wks of age . At 17 wk, pullets were divided into 4 treatments: 1) 
Control (C) - moved into aviary laying facility following commercial 
practices; 2) Floor (F) - stimulated to lay eggs in the pullet pen; 3) 
Enriched (E) – stimulated to lay eggs in the pullet pen but added perches 
and nest boxes; 4) Molted (M) - stimulated to lay eggs in pullet pen 
and at 10% production, molted . Following the molt period, F, E, and 
M hens were moved to the hen facility aviary rooms . Four hen aviary 
rooms with 4 sections per room were utilized to house a replicate of 
each of the treatments within a room . Data collected daily were hen-
day (HD) and hen housed (HH) eggs . Body weights (BW) and welfare 
quality (WQ) parameters were collected monthly . Data were analyzed 
from 17 to 24 and 25–31 wk utilizing a modified generalized linear 
mixed model (Proc GLIMMIX) in SAS . Initially, HD for C (52%) and 
E (51%) were different (P < 0 .008) from F (47%) and M (26%) and F 
was different from M (P < 0 .001) . However, by 31 wk, C HD (97%) 
was different from E, F, M (90%, 90%, 89%, respectively; P < 0 .005) . 
Welfare quality assessments found no keel score differences, but 70% 
of all birds assessed across treatments had tip fractures by 31 wk of age . 
Hens with defeathered head area were M (6 .8%), E (3 .5%), F (3 .5%), and 
C (1 .7%) . While the M layers never completely ceased egg production, 
this method may prove advantageous to maintain pullets for a longer 
period of time in the pullet house during a disease quarantine scenario, 
resulting in sufficient egg production post-molt.

Key Words: laying hen, well-being, pullet, molt

219   Effects of different processing lairage holding times 
on metabolism and meat quality of broilers. Denise Russi 
Rodrigues*1, Danileli Brolo Martins1, Roberto Jardim Filho1, Marcos 
Barcellos Café1, Evelyn Oliveira1, and Cibele Silva Minafra2, 1Fed-
eral University of Goias, Goiânia, Goias, Brazil, 2Instituto Federal 
Goiano, Rio Vedre, Goias, Brazil.

Different wait periods in holding sheds (lairage) at processing facilities 
result in varied total fasting time, which not only causes welfare con-
cerns, but may also change metabolism and physicochemical parameters 
of meat . A study was conducted to evaluate the effects of different lairage 
holding times (LT) and position of chicken crates during transport to the 
slaughterhouse on the biochemical, hematological and meat physical 
parameters of broilers . This experiment involved 80 male Cobb broilers, 
which were slaughtered at 44 d of age with a mean weight of 3 .229 kg/
bird. The treatments were defined by the birds slaughtered after 0, 2, 4 
and 6 h of LT . Broilers were transported in crates located in the top and 
bottom layers of the truck (4 × 2 factorial for LT and position of crates; 
significance was declared at P ≤ 0.05). At the end of LT, blood was 
collected and analyzed for heterophil/lymphocyte (H/L) ratio, lactate 
dehydrogenase (LDH), creatine kinase (CK), triglyceride (TRI), choles-
terol (CHOL) and glucose (GLU) . Post-slaughter, after chilling samples 
included the pectoralis major for meat quality, pH and color . It was found 
that increased the LT to over 2 h significantly increased LDH activity and 
CHOL levels and significantly decreased the TRI and GLU levels. The 
position of crates in the truck significantly altered CK activity, which 
was the highest enzyme activity found in birds transported in the top 
layer of crates in the truck. Birds in LT for 6 h had significantly higher 
H/L ratio (6h = 1 .35) than other treatments (0h = 0 .62, 2h = 0 .63, 4h = 
0.66). Birds exposed to LT for over 2 h had significantly increased pH 
plus an overall decrease in muscle lightness value of breast fillets. The 
interaction of LT and position of the crate was significant at the 4 and 6 
h time points . Position of the crate in the top layer of the truck favored 
the development of dark, firm, dry (DFD) meat. Overall, our findings 
suggest that LT of more than 2 h at the abattoir alters the metabolism of 
broiler chickens, influencing their energy, lipid profile, immunological 
cells in blood and modifies the physical parameters of the meat.

Key Words: poultry farming, welfare, DFD meat, fasting, 
pre-slaughter

220   Effect of incubation temperatures profiles on footpad skin 
development of broiler and layer chicks from different genetic 
lines. Edgar Oviedo-Rondón*, Leticia Gross, Albaraa Sarsour, and 
Hernan Cordova-Noboa, North Carolina State University, Raleigh, 
NC.

Incubation temperature conditions affect footpad skin (FPS) develop-
ment and these effects may vary among different commercial genetic 
lines . Two experiments were conducted to evaluate the effects of incuba-
tion temperature profiles (INC) on 4 strains of broilers and 2 strains of 
layers. In the first experiment, a total of 1,000 eggs from: Cobb MX × 
Cobb 500, Hubbard M99 × Cobb 500, Ross 344 × Ross 708, and Athens 
Canadian Random Bred Cross (ACRBC) were randomly distributed 
into 4 machines with 2 INC . In 2 machines, eggshell temperatures 
were maintained close to 37 .8°C during the whole incubation period to 
simulate single stage incubation (ST) . In the other 2 machines, eggshell 
temperatures were low (36.9°C) for the first 3d and later close to 37.8°C 
until the last 3d when eggs had elevated (38 .9°C) eggshell temperatures, 
as it is observed in multistage machines (LH) . In the second experiment, 
a total of 480 eggs from Hy-line W36, Hy-line Brown and ACRBC were 
subjected to the same INC . Twelve chicks per treatment combination 
were sampled at hatch to obtain FPS samples  . Histological analysis 
assessed thickness and area of stratus corneum (SC), epidermis and 
dermis and total papillae height and width in footpad skin . Data were 
analyzed as a RCBD with incubation, strain, and sex as main factors . In 
the first experiment, there was an interaction effect (P < 0 .05) observed 
between strains and INC on SC length . Ross 708 chicks incubated under 
ST conditions had better development of SC than chicks incubated under 
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LH profile. Another interaction effect (P < 0 .05) was observed on the 
papillae width . The Cobb MX chicks incubated under ST conditions 
had wider papillae than the ones incubated under LH conditions . In the 
second experiment, an interaction (P < 0 .05) was observed between 
strains and INC on dermis area . Hy-line Brown pullets incubated under 
LH profile had poorer development of the dermis compared with the ST 
profile. There was an effect (P < 0 .05) of INC on SC, epidermis length, 
and dermis area . Pullets incubated under ST conditions had better (P < 
0 .05) FPS development compared with the LH incubation regardless of 
genetic background . It was concluded that the strains differed on footpad 
skin development, but suboptimal INC can reduce FPS development in 
commercial genetic lines of broilers or egg layers .

Key Words: incubation temperature, genetic lines, footpad skin

221   Effect of incubation temperatures profiles on bone devel-
opment of broiler and layer chicks from different genetic lines. 
Edgar Oviedo-Rondón, Ingrid Y . Martinez Rojas*, Albaraa Sarsour, 
Hernan Cordova-Noboa, Santiago Alvarez, and Viviana San Martín, 
North Carolina State University, Raleigh, NC.

Incubation temperature conditions affect bone development and these 
effects may vary among different commercial strains . Two experiments 
were conducted to evaluate the effects of incubation temperature profiles 
(INC) on bone relative weights and asymmetry of 4 strains of broilers 
and 2 strains of layers. In the first experiment, a total of 1,000 eggs 
from: Cobb MX × Cobb 500, Hubbard M99 × Cobb 500, Ross 344 × 
Ross 708, and Athens Canadian Random Bred Cross (ACRBC) were 
randomly distributed into 4 machines with 2 INC . In 2 machines, egg-
shell temperatures were maintained close to 37 .8°C during the whole 
incubation period to simulate single stage (ST) incubation . In the other 
2 machines, eggshell temperatures were low (36.9°C) for the first 3d and 
later close to 37 .8°C until the last 3d of incubation period when eggs had 
elevated (38 .9°C) eggshell temperatures, as it is observed in multistage 
machines profile (LH). In the second experiment, a total of 480 eggs from 
Hy-line W36, Hy-line Brown, and ACRBC were subjected to the same 
INC . Twelve chicks per treatment combination were sampled at hatch 
to obtain leg samples . Tibia, femur and shank samples were weighed 
and measured and relative weights and asymmetry (RA) values were 
then calculated . Data were analyzed as a RCBD with strain, INC, and 
sex as main factors. In the first experiment, an effect (P < 0 .05) of strain 
was observed on RA of the tibia . Chicks from the Ross strain had high-
est RA compared with all the other strain . In the same experiment, an 
effect of INC was detected on RA of the shank . Chicks incubated under 
LH profile had worse RA of the shank compared with the ST profile. 
In the second experiment, an interaction effect (P < 0 .05) of INC and 
strain was observed on RA of tibia . Hy-line brown chicks coming from 
LH incubation had the worst RA of tibia length compared with all the 
other strains . An interaction effect (P < 0 .05) was also found on RA of 
shank length . Hy-line W-36 and ACRBC chicks incubated under LH 
conditions had higher RA than chicks incubated under ST conditions . 
No INC effects (P > 0 .05) on relative bone weights were observed . The 
ACRBC had the lowest bone relative weights . In conclusion, incubation 
temperature could affect the development of leg bones from broilers and 
egg-layer commercial lines as well as the non-selected strains .

Key Words: incubation, genetics, leg bones, asymmetry, bones

222   The influence of hatching time and post-hatch holding 
time on live performance of broilers. Serdar Özlü*1, Reza Shi-
ranjang1, Okan Elibol1, and John Brake2, 1Faculty of Agriculture, 

University of Ankara, Ankara, Turkey, 2North Carolina State Univer-
sity, Raleigh, NC.

Previous results have shown that late hatching chicks, although larger 
than average, grew more slowly than early or middle hatching chicks 
because they consumed less feed to 7 d of age, presumably due to not 
having sufficient time after emergence from the shell to become ready to 
consume feed . The present study examined the effect of normal holding 
versus extended holding on feed consumption, BW gain, and FCR of 
early, middle, and late hatching chicks . Hatching eggs from Ross 308 
breeder flocks at 49 and 32 wk of age were used in Experiments 1 and 2, 
respectively. Chicks were identified as hatching during Early (471–477 
h), Middle (483–489 h), and Late (493–501 h) periods of incubation . 
Half of the chicks were pulled and placed as normally would be the case 
at 504 to 507 h of incubation to create a duration of holding from time 
of emergence from shell (EFS) of 30, 18, and 6 h for Early, Middle, and 
Late chicks, respectively, which was an average of 18 h . For compari-
son, half of Middle and Late chicks were also pulled and placed 30 h 
after their EFS . BW and yolk sac weight were determined at EFS and 
placement time (PT) . Individual BW and pen feed consumption were 
determined at 7, 14, 28, and 35 d of age . Data from the 3 (hatch time) 
× 2 (holding time) completely randomized design were subjected to 
ANOVA. There were no significant differences in BW and relative yolk 
sac weight at EFS . Late hatched chicks exhibited a greater relative yolk 
sac weight than Early hatched chicks at PT (P < 0 .05) but there was no 
difference in percentage yolk sac after 30 h holding, irrespective of time 
of EFS . Initial BW of chicks was reduced by 30 h versus 18 h holding, 
as expected, but 7 d from the time of placement on feed, feed consump-
tion and BW gain of 30 h held chicks was significant greater than that 
of chicks placed normally (18 h holding) from the same EFS groups in 
both experiments (P < 0 .05), but were similar at 35 d . Mortality was 
not affected by EFS and holding . Contrary to other recent speculations, 
early feeding of chicks would not be expected to be beneficial because 
there appeared to be a certain amount of time required without feed 
after EFS before the chicks were ready to consume feed aggressively .

Key Words: broiler, hatching time, post-hatch holding time, yolk 
sac, feed consumption

223   Effects of maternal protein diets and age at photo 
stimulation on production performance of the progeny. Rick van 
Emous*1, Victor Naranjo2, and Carlos de la Cruz2, 1Wageningen Uni-
versity & Research, Wageningen, the Netherlands, 2Evonik Nutrition 
& Care GmbH, Hanau-Wolfgang, Germany.

The objective of this study was to determine the effects of dietary crude 
protein (CP) level during lay and age at photo stimulation on progeny 
performance . The study consisted of a 2 × 2 × 2 factorial arrangement 
of treatments, with 2 maternal CP levels during lay (high CP = at breed-
ers recommendation level; or low CP = 1 .5% CP units lower for each 
production phase), 2 ages of maternal photo stimulation (21 wk = early 
or 23 wk = late stimulation), and 2 gender progeny (male and female) . 
A total of 384 one-day-old Ross 308 broiler chicks (192 female and 
192 male) were used from hatching eggs of 50 wk old breeders for a 
growth trial between 0 and 35 d of age . After feather sexing, male and 
female chicks were randomly allotted to 32 floor pens (1.1 × 0.9 m), 
with 12 chicks (female or male) per pen . The broiler unit was illuminated 
continuously during the first 2 d and from d 3 onwards according to 
the schedule 18L:6D . A commercial 3-phase broiler diet program was 
provided to all chickens and feed and water were supplied ad libitum 
during the entire experimental period . At 11, 27 and 35 d of age growth 
performance of broilers were determined and slaughter yields were 
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recorded at d 35 . At 11, 21 and 34 d of age the litter quality and the 
occurrence of footpad dermatitis was determined . Data were analyzed 
by the General Analysis of Variance ANOVA . Progeny from early photo 
stimulated breeders showed a significant lower FCR (1.473 vs. 1.491; 
P = 0 .017) in the overall period of 0 to 35 d compared with broilers 
from late photo stimulated breeders . Maternal CP diets did not affect 
production performance of the progeny . Applied maternal treatments 
(CP diets and age at photo stimulation) had no effects on slaughter 
yields of the progeny . Progeny originated from breeders fed the higher 
protein diets showed a better litter quality (8 .0 vs . 7 .4; P = 0 .017) and 
lower footpad dermatitis score (9 .3 vs . 40 .0; P = 0 .003) at 12 d of age, 
but no differences were observed at 21 or 34 d of age . No other effects 
of maternal treatments were found on litter quality . From this study, it 
can be concluded that maternal early photo stimulation had a positive 
effect on the overall FCR of the progeny and that maternal dietary crude 
protein levels did not affect the production performance and slaughter 
yields of the progeny .

Key Words: progeny, production performance, maternal dietary 
protein, maternal age at photo stimulation

224   Egg characteristics of two commercial layer strain under 
different rearing systems. Athar Mahmud*, Ali Husnain, Shahid 
Mehmood, Jibran Hussain, Muhammad Usman, Muhammad Waqas, 
and Sohail Ahmad, University of Veterinary and Animal Sciences, 
Lahore, Punjab, Pakistan.

Present study evaluated the effect of different rearing system on egg 
characteristics and behavioral response in 2 commercial layer strains . 
For this, a total of 150, 18 weeks old 2 commercial layer strains were 
divided into 6 treatment groups having 5 replicates of 5 birds each . A 
2 × 3 factorial arrangement of treatments will be employed according 
to Randomized Complete Block Design (RCBD) . Treatments were 
consisted of 2 commercial layer strains (Hy-line W36 and Bovans BV 
330 white) and 3 rearing systems (free range, semi intensive and inten-
sive). Significantly (P ≤ 0.05) higher egg surface area and volume were 
observed in birds reared on intensive and semi-intensive rearing system 
as compared with free range rearing birds . Interaction between Sexes 
and rearing system revealed significant differences (P ≤ 0.05) regarding 
egg surface area and volume; however, strain did not differ significantly 
regarding egg geometry . In terms of Haugh unit score, yolk index and 
shell thickness non-significant differences (P > 0 .05) were observed 

among strain, rearing system and their interaction . In conclusion, rearing 
systems did not affect egg quality traits in commercial layer .

Key Words: commercial layer, strain, rearing system, egg geometry, 
egg quality traits

225   Egg quality assessment of Latin American producers. José 
Miranda Jr ., Leticia Bittencourt*, Murtala Faruk, Belén Cáceres, 
Sofía Macaya, and Alexandre Sechinato, DSM Nutritional Products 
LATAM, São Paulo, Brazil.

The continuous measurement of egg quality assists the egg producer in 
making decisions to improve the quality of eggs offered to the consumer . 
This work evaluated both internal and external egg quality parameters 
of Latin American producers: egg weight (EW), Haugh Unit (HU), 
yolk color (YolkFan, YC) and eggshell thickness (ST) . Sampled eggs 
were taken directly from farms in different regions of Argentina (ARG), 
Costa Rica (CRC), Guatemala (GUA), and Brazil (BRA) . These farms 
represented different farming systems, management, climate, nutrition, 
hen age and breed . A total of 18,442 eggs were analyzed from May 2013 
to February 2017 . Quality parameters in ARG and BRA were analyzed 
using Nabel Digital Egg Tester DET6000 . In CRC and GUA using a 
digital scale for EW, for albumen height QCH equipment from TSS, 
micrometer Mitutoyo- IP 65 for ST and the YolkFan DSM to measure 
YC . Data was subjected to Pearson Correlation analysis . Averages by 
region were compared by LSD test at 5% probability . Negative, weak 
and non-significant correlation coefficients between ST and bird age 
were observed and these were region dependent . ARG, BRA and CRC 
−0.04; −0.11 and −0.08 respectively and stronger significant correlation 
was observed for GUA, −0.44 (P < 0 .05) . GUA had the higher EW and 
HU compared with the other regions (EW/HU: 64 .7/87 vs 63 .4/77 ARG, 
61 .4/80 BRA and 63 .5/81 CRC; P < 0 .05) . Egg yolks from CRC (11 .9) 
and GUA (11 .2) are darker orange in color compared with BRA (7 .2) 
and ARG (6 .8) (P < 0 .05) . Eggshells from ARG are thicker (0 .39 vs 0 .37 
BRA/GUA and 0 .36 CRC; P < 0 .05) . This comparison allowed farmers 
to take decisions, but several other variables should be considered for 
the use of this tool in producer’s routine, for example, age of birds, diet, 
management, and climate . The main objective of the study was not to 
compare eggs from different regions but to understand the particularities 
of each one, thus directing the support tools in a positive way .

Key Words: egg quality, correlation, Latin America, yolk color, 
eggshell
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Muscle Myopathies—Multidiscipline Approach

226   Wooden breast occurrence in broilers subjected to feed 
restriction: Growth performance, serologic profile and meat 
quality. Liris Kindlein*1, Sergio Vieira1, Catarina Stefanello2, 
Cristina Simoes1, Tamara Ferreira1, Ismael Franca1, Vinicius Nickel1, 
and Stella Valle1, 1UFRGS, Porto Alegre, RS, Brazil, 2UFSM, Santa 
Maria, Brazil.

A study was conducted to evaluate wooden breast (WB) occurrence, 
growth performance, serological profile and meat quality of broiler 
chickens subjected to weekly feed restriction . A total of 1,800 Cobb × 
Cobb 500 male chicks were placed into 72 floor pens in a completely 
randomized design with 9 treatments and 8 replicates of 25 birds each . 
Birds were submitted to a 70% restriction of the ad libitum fed birds 
alternatively in the wk 1, 2, 3, and 4 or fed low AME and crude protein 
diets (2,980; 3,070 and 3,149 kcal/kg AME and 1 .10, 1 .13 and 0 .93% 
dig . Lys in a 3-phase program) . The control diet had 3,030; 3,119 and 
3,200 kcal/kg AME and 1 .31, 1 .20 and 1 .12% dig . Lys, maintaining 
TSAA, Thr and Val ratios to Lys as 75, 65, and 75% . Birds and feeds 
were weighed weekly to determine body weight gain (BWG), feed 
intake (FI), and feed conversion ratio (FCR) . At 21, 28, 35, 42, and 49 
d, 1 bird per replication was slaughtered and given visual WB scores, 
from 0 to 4 . A decrease in BWG was observed (P < 0 .05) in broilers 
submitted to both feed restrictions compared with those fed ad libitum . 
From 8 to 28 d, FCR was higher (P < 0 .05) in broilers fed the restriction 
treatments in each week, compared with the ad libitum fed treatments . 
After 28 d, birds previously submitted to feed restriction demonstrated 
to compensate their BWG and presented similar performance than those 
fed ad libitum in all periods. Breast fillets weight and height increased 
(P < 0 .05) with WB scores in all ages from 21 to 49 d . Cooking loss 
increased among scores 2, 3, and 4 at 42 and 49 d (P < 0 .05) . At 49 d, 
shear force (MORS) and shear energy (MORSE) increased (P < 0 .05) 
when WB score 4 was compared with scores 2 and 3 . At 28, 35, 42, 
and 49 d, higher (P < 0 .05) AST, CK and LDH enzymes concentra-
tions were observed according to the increased WB scores . In conclu-
sion, growth performance was negatively affected when broilers were 
submitted to 70% of feed restriction or diets with reduced energy and 
protein; nevertheless, broilers had a compensatory performance after 
the restrictions period . The increased severity of WB resulted in breast 
fillets with higher weight and height, cooking loss, shear energy, shear 
force, and serum enzymes concentration .

Key Words: breast meat, broiler, serum enzymes, wooden breast

227   Defining the phenotypic growth parameters associated 
with the onset of wooden breast in the Pectoralis major of com-
mercial broilers. Jacqueline Griffin*, Michael Lilburn, Macdonald 
Wick, and Luis Moraes, The Ohio State University, Columbus, OH.

The objective of the current study was to define a cumulative logit model 
including multiple growth parameters as predictors for wooden breast 
(WB) ontogeny. A ranking system was used to define stages (1–4) of 
WB severity, based on distinct myopathic changes observed in the P. 
major breast muscle . Image analysis of the intact P. major muscle were 
used to assign rank based on the presence of these myopathic attributes . 
Hubbard × Ross 708 broilers (n = 27) were sampled every other day from 
d 2 through 46 . Growth parameters measured were body weight, breast 
muscle (P. major and P. minor) weight and yield . Length, width, and 
depth measurements were obtained for both breast muscles . Preliminary 
analysis of the data investigated growth parameter differences among 

ranks (fixed effect) with pen as a random effect using MIXED procedure 
of SAS . The second step of the data analysis focused on understanding 
the contributions of specific growth parameters in the determination of 
ranks . A cumulative logit link function was used in a proportional odds 
model with a random intercept for pens and fixed regression coefficients 
for growth parameters . The selection of growth parameters to be used 
as predictors was conducted using the following sequential steps: i) all 
possible models were created with all possible combinations of the inde-
pendent variables (growth parameters); ii) models for which the variance 
inflation factor was greater than 10 were discarded; iii) all remaining 
models were fitted to data; iv) the 10 models with the smallest Akaike 
Information Criterion (AIC) were selected for further examination and 
v) the model with smallest AIC was used for biological inference . Both 
the ordinal R package and the GLIMMIX procedure of SAS were used 
for model selection and fitting. The best fitted model for predicting rank 
included the following growth parameters; P. major length/width/depth, 
P. minor width, P. major and P. minor yield as predictors . Odds ratios 
showed that increasing P. major depth, P. minor width and P. major yield 
decreased the odds of falling into smaller ranks (less severe myopathy) 
instead of higher ranks (more severe myopathy) . Conversely, increasing 
P. major length, P. major width and P. minor yield increased the odds of 
falling into smaller ranks (less severe myopathy) instead of higher (more 
severe myopathy) . Lastly, P. major depth, and P. major and P. minor 
yield were present in all 10 best models for predicting rank .

Key Words: Pectoralis major, wooden breast, white striping, ontog-
eny, commercial broiler

228   Skeletal muscle fiber morphometrics and in vivo myogenic 
stem cell mitotic activity in broiler chickens affected by wooden 
breast. Kate Meloche, William Dozier, and Jessica Starkey*, Auburn 
University, Auburn, AL.

Though it has been suggested that the degenerative myopathy called 
Wooden Breast (WB) observed in high-yielding commercial broilers 
occurs as a result of broilers exceeding breast muscle (pectoralis major, 
PM) hypertrophic capacity, little information exists regarding the het-
erogeneity or mitotic activity of the myogenic stem cell populations 
essential to both muscle growth and repair . An experiment was con-
ducted to characterize myogenic stem cell populations and to determine 
the distribution of fiber cross-sectional area (CSA) in broilers affected 
by WB . Previous work has demonstrated that WB may be induced or 
ameliorated by modulating digestible Lys (dLys) . Male broilers (n = 
120) of a commercial strain were individually housed in raised pens 
(0 .2 m2/bird) and received a starter diet formulated to meet the primary 
breeder’s nutrient recommendations until 14 d of age . At this time, birds 
were randomly assigned to 1 of 2 diets formulated to 75% and 100% 
of recommended dLys concentrations from 15 to 25 d of age, followed 
by a nutritionally adequate finisher diet until 43 d of age. At 25 and 43 
d of age, 25 birds per treatment were injected intraperitoneally with 
5′-bromo-2’-deoxyuridine (BrdU) 1 h before the collection of a sample 
from the PM of each bird to label mitotically active cells . Cryohistology, 
immunofluorescence staining, and fluorescence microscopy were used to 
determine PM muscle fiber CSA, quantify Myf-5+ and Pax7+ myogenic 
stem cell populations and assess their mitotic activity . At 25 d of age, 
broilers with severe WB had increased numbers (P = 0 .016) and propor-
tions (P = 0 .022) of proliferative myogenic stem cells (BrdU+) as well 
as increased proportions (P < 0.05) of large CSA fibers compared with 
unaffected broilers . At 43 d of age, broilers with severe WB had a larger 
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(P = 0 .011) total population of myogenic stem cells (Myf-5+, Pax7+, 
and Myf-5+:Pax7+) and a concurrent increase (P = 0 .007) in the mitotic 
activity (Myf-5+:BrdU+, Pax7+:BrdU+, and Myf-5+:Pax7+:BrdU+) 
of these cells . A greater (P < 0.05) proportion of small CSA fibers was 
also observed in broilers with severe WB. Our results show that fiber 
CSA as well as the heterogeneity and activity of myogenic stem cell 
populations are altered in broilers with WB .

Key Words: broiler, wooden breast, muscle stem cell, muscle fiber 
cross-sectional area, satellite cell

229   Capillary density of Pectoralis major muscle of broilers 
affected by white striping myopathy. Vinicius Nickel, Tamara Fer-
reira*, Sergio Vieira, and Liris Kindlein, UFRGS, Porto Alegre, Rio 
Grande do Sul, Brazil.

White striping is a condition associated with heavier broiler breast 
fillets and is observed grossly as white striations on the surface of 
chicken breast, which could be ascribed to intensive growth selection . 
It is believed that rapid growth rate of the breast leads to a reduced 
oxygen supply, so the aim of this study was to evaluate the capillary 
density/mm2 (CD), the capillaries/muscle fibers ratio (CMFR), and the 
intercapillary distance /mm (ID) of broilers with different degrees of 
white striping (normal, moderate and severe) slaughtered at different 
ages . To this, 288 male broilers Cobb-500 were slaughtered at 21, 28, 
35 and 42 d of age (72 each day) and, after macroscopic classification 
to white striping were collected one breast of each degree (normal, 
moderate and severe) of each age (n = 12). The samples were fixed in 
10% neutral buffered formalin, and slides were prepared and stained 
using hematoxylin and eosin . For each sample, 10 photomicrographs 
were taken using Leica ICC50 HD (1,000x) . Analysis of variance was 
performed for the statistical analysis using SAS software, and means 
were compared by Tukey test at significance level of 0.05. For CD, the 
capillaries in 10 fields were counted and multiplied by 30 (each field 
with about 0 .0034 mm2) and for ID was used the Krogh’s cylindrical 
method [rk = √1/(p/capillary density)]; being rk value half of the ID . It 
was not observed significant difference among degrees of white striping 
for CD throughout the study, but CMFR was lower in breast muscles of 
42 d of age broilers classified as severe for white striping than normal 
(P = 0 .009) . There was an increase (P < 0 .001) in the ID value as the 
degree of white striping increased from normal to severe on 21 and 42 
d of age . The results of the present study shown the severe degrees of 
white striping had higher intercapillary distance, which could lead to 
a lower oxygen supply .

Key Words: capillar density, white striping, myopathy, breast, broiler

230   The woody breast condition affects the surface color 
of cooked broiler breast. Hong Zhuang*, U.S. National Poultry 
Research Center, Athens, GA.

The woody breast condition (WBC) is an emerging muscle myopathy 
observed in broiler breast fillets (Pectoralis major) . Experiments have 
shown that the WBC affects properties (pH, color, and marination 
performance) of raw broiler breast meat and texture quality of both 
raw and cooked broiler breast fillets. The objective of the current study 
was to evaluate the effect of WBC on the cooked color characteristics 
of both non-marinated and marinated breast meat. Broiler breast fillets 
(deboned at 3 h post-mortem) were collected from a commercial plant 
and sorted into normal and severe WBC categories based on palpable 
hardness and rigidity throughout the breast fillets. Marinated samples 
were vacuum-tumbled for 20 min with 20% (wt/wt) marinade to meat 

ratio with the marinade consisting of 5% salt and 3% sodium tripoly-
phosphate . Samples were cooked to 76C in individual cooking bags in 
a combi-steam oven . Color (CIELAB L*a*b*) on both the ventral and 
dorsal surfaces of cooked fillets was measured using a Minolta spectro-
photometer CM-700d. Data were analyzed using SAS and significant 
differences identified using Tukey’s means separation. On the ventral 
surfaces (skin-side) of the fillets, the WBC caused an increase (P < 0 .05) 
in the a* and b* values of both non-marinated and marinated fillets, but 
a decrease (P < 0 .05) in the L* values by approximately 12 units for 
non-marinated fillets and 8 units for marinated fillets. Marination itself 
caused a decrease (P < 0 .01) in the b* values but had minimal impact 
(P > 0 .05) on a* values . Similar relationships were observed on the 
dorsal surfaces (bone-side) of the fillets, but the absolute color value 
differences were smaller than on the ventral surfaces. In WBC fillets L* 
values were approximately 1 unit lower (P < 0 .05) and b* values were 
approximately 1 unit higher (P < 0.05) than in normal fillets; however, 
a* values were unaffected (P > 0 .05) by the WBC . Marination did not 
impact L* values (P > 0 .05) but caused a decrease (P < 0 .01) in a* and 
b* on the dorsal surfaces of both normal and WBC fillets. These results 
demonstrate that the severe WBC significantly influences the surface 
color of cooked broiler fillets. Marination reduces the effect of the WBC 
on the surface color of cooked fillets. Large reductions in lightness 
(indicated by L* values) on the ventral surfaces of the cooked WBC 
fillets further indicate that the WBC could cause noticeable differences 
in the cooked fillet appearance.

Key Words: chicken meat, CIE L*a*b*, marination, ventral, dorsal

231   Relationships between instrumental texture measurements 
and subjective woody breast condition scores. Hong Zhuang*, 
Brian Bowker, and Seung-Chul Yoon, U.S. National Poultry 
Research Center, Athens, GA.

Broiler breast fillets (pectoralis major) with the woody breast condition 
(WBC) are characterized by their diffuse areas of hardness and overall 
muscle rigidity . Several instrumental methods have been evaluated for 
the classification of the WBC; but categorization of fillets based on the 
WBC depends primarily on subjective evaluation, which makes it dif-
ficult to compare results and raw material conditions between studies and 
institutions . The objective of this study was to compare the relationship 
between different instrumental texture measurements and subjective 
WBC scores in raw broiler breast fillets. A total of 181 broiler breast 
fillets (deboned at 3 h post-mortem) were collected from a commercial 
plant and scored in 0 .5 increments into 5 WBC categories (1 = normal; 
1 .5 = mild; 2 = moderate; 2 .5 = severe; 3 = extremely severe) based on 
palpable hardness and rigidity. Texture properties of raw fillets were mea-
sured with 3 different methods: compression force, Meullenet-Owens 
Razor Shear (MORS), and blunt MORS (BMORS) . Spearman correla-
tions between WBC scores and instrumental measurements and Pearson 
correlations between instrumental measurements were calculated and 
ANOVA of instrumental measurements were performed . Spearman 
correlation coefficients indicated that the strongest correlation between 
subjective WBC scores and instrumental texture measurements was for 
compression force (r = 0 .65, P < 0 .0001) . This was followed by BMORS 
energy (r = 0 .56, P < 0 .0001), BMORS force (r = 0 .55, P < 0 .0001), 
and MORS energy (r = 0 .47, P < 0 .0001) . The weakest correlation was 
between the WBC scores and MORS force (r = 0 .17, P = 0 .023) . Pearson 
correlation coefficients between the different instrumental methods were 
all significant (P < 0 .0001) and ranged from 0 .30 to 0 .99 . Analysis of 
variance results showed that the best means separations between WBC 
scores were found with the compression method . Means separations 
were similar for MORS energy, BMORS force, and BMORS energy . 
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The poorest means separations were observed with MORS force . These 
results demonstrate that there are significant and positive correlations 
between subjective WBC scores and instrumental measurements but 
that correlation strength varies with measurement method . These data 
suggest that instrumental texture measurements can be used as refer-
ences for subjective WBC scores and that the compression method has 
the best potential for predicting the WBC .

Key Words: chicken, broiler breast meat, compression force, MORS, 
BMORS

232   Woody breast affects the marination and cooking perfor-
mance of portioned broiler breast fillets. Brian Bowker*1, Alex 
Maxwell2, and Hong Zhuang1, 1USDA-ARS, Athens, GA, 2University 
of Georgia, Athens, GA.

The woody breast (WB) condition in broiler breast meat is known to 
impair technological meat quality . The Pectoralis major is an irregular 
shaped muscle and the distinct tactile and histological characteristics 
of the WB myopathy are usually more evident on the ventral surface 
and cranial end of the breast fillet. Commercially, breast fillets are often 
portioned horizontally due to their size and thickness . The objective of 
this study was to determine the effects of WB on the marination and 
cooking performance of the ventral (skin-side) and dorsal (bone-side) 
portions of broiler breast fillets. Sixty butterfly breast fillets were col-
lected from the deboning line of a commercial plant and sorted into 

normal (no WB) and severe WB categories. Each fillet was portioned 
into ventral and dorsal halves . Portions from one side of each but-
terfly were used as controls (non-marinated). Portions from the other 
side were vacuum-tumble marinated (16 rpm, 4°C, 20 min) with 20% 
(wt/wt) marinade to meat ratio . Marinade was formulated to target a 
final concentration of 0.75% salt and 0.45% sodium tripolyphosphate. 
Fillet portions were cooked to 76°C in a combi-steam oven . Marinade 
uptake and retention were lower in both the ventral and dorsal portions 
of the WB fillets. The dorsal portions had greater marinade uptake and 
retention than the ventral portions in both normal and WB fillets. For 
non-marinated samples, cook loss was greater in both the ventral and 
dorsal portions of WB fillets. In marinated samples, however, cook 
loss was similar between the dorsal portions of normal and WB fillets. 
Final product yield (%) was calculated based on pre-marination and 
post-cooking weights. Severe WB samples exhibited lower final product 
yields than normal samples for both the ventral and dorsal portions . For 
marinated samples, final product yields were greater in the dorsal por-
tions of the fillets than the ventral portions. Overall, data demonstrated 
that the dorsal portion of the Pectoralis major more readily absorbs 
and retains marinade during vacuum tumbling and storage than the 
ventral portion. Furthermore, the WB condition negatively influences 
the marination and cooking performance in both the ventral and dorsal 
portions of broiler breast fillets.

Key Words: breast meat quality, woody breast, fillet portion, marina-
tion, cook loss
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233   Methods, equipment, and considerations during train-
ing for backyard chicken processing. Dianna Bourassa*1, Joseph 
Hess1, Alex Tigue2, and Joshua Elmore2, 1Auburn University, Auburn, 
AL, 2Alabama Cooperative Extension System, Auburn, AL.

A mobile poultry processing unit to provide small scale training and 
instruction for chicken processing from catching through cut-up and 
refrigeration is a useful extension tool . Outreach activities can include 
youth programming where meat-type or dual-purpose birds are raised 
from chicks with the end purpose of producing meat . Additionally, a 
mobile poultry-processing unit can also be utilized for backyard poultry 
flock producer training programs. A mobile processing unit has been 
designed by Auburn University to include poultry processing batch 
equipment that can easily be transported and set up at program loca-
tions . Program locations provide access to water and electricity . The 
mobile processing unit provides the equipment necessary for slaughter 
(cones, kill knife), scalding (turkey fryer), defeathering (drum picker), 
evisceration (table, knives, and scissors), and chilling (tub with ice 
and water) . Once the carcasses have been chilled, further instruction 
on deboning and principles of food safety can be provided . The goal 
of extension programming regarding backyard poultry processing is to 
teach participants how to humanely and safely slaughter chickens for 
meat production . In addition, participants will be trained utilizing batch 
processing equipment that is readily available and relatively inexpen-
sive . Upon completion of the chicken processing program instruction, 
participants will have the necessary knowledge to put together their own 
backyard chicken processing unit where their birds can be humanely 
and safely slaughtered for meat production .

Key Words: backyard flock, processing, extension, slaughter

234   Status quo and opportunities for a structured develop-
ment of Myanmar’s poultry sector. Amit Morey*, Auburn Univer-
sity, Auburn, AL.

The poultry sector in Myanmar is in its infancy . Majority of chickens are 
either raised in the backyard or in semi-enclosed chicken houses, sold 
at live markets, and butchered in small shops . The Myanmar poultry 
farmers have identified a need to develop the poultry sector to increase 
production efficiencies and hygienically process chickens. Hence, 
USAID has funded a “Farmer to Farmer” program executed through 
Winrock International to support the growth of Myanmar’s poultry 
sector . I had an opportunity to visit, interact and train the farmers, 
processing personnel and laboratory technicians on pre-harvest food 
safety, poultry processing, food safety and rapid methods for pathogen 
detection in March 2017 . Based on the observations during the visit, 
there are several opportunities to develop Myanmar’s poultry sector 
given below . The poultry sector in Myanmar must get organized either 
through vertical integration or under farmer co-operative societies 
to determine the growth potential of the industry, identify the needs, 
develop and conduct trainings . The Myanmar Government should 
develop and educate farmers about loans or subsidies to build closed 
poultry houses . Most importantly, veterinarians should train the farmers 
on biosecurity and use social media to track disease outbreaks in poultry 
flock. Moreover, farmers and processing personnel must be trained on 
the scientific methods of processing to improve food safety and qual-
ity . The laboratory technicians can replace the classical techniques for 
pathogen detection and use modern rapid methods to detect pathogens . 

A structured development of Myanmar’s poultry sector will become a 
model to develop food safety in other food sectors of the country .

Key Words: Myanmar, food safety

235   Using videos to teach growers about biosecurity. Jonathan 
Moyle*, Jennifer Rhodes, and Nathaniel Tablante, University of 
Maryland, Salisbury, MD.

The 2014–2015 highly pathogenic avian influenza (HPAI) outbreak in 
the US was the largest animal health emergency in the country’s history . 
While the disease was initially introduced by wild birds, the majority of 
farms were infected by people and equipment traveling between farms . 
This example, along with smaller outbreaks that have taken place in 
2016 and 2017, show the importance of biosecurity . Biosecurity can be 
defined as any and or all procedures used to prevent the introduction and 
spread of disease-causing organisms . Currently, most individuals use 
the internet media to acquire knowledge when faced with challenges . 
To address this need, our Poultry Extension Team at the University of 
Maryland received a USDA-NIFA Smith-Lever Special Needs grant 
to develop short (6-min) biosecurity videos for commercial poultry 
growers, technical service personnel, and backyard poultry producers . 
These videos have been disseminated to poultry industry representa-
tives, state and federal animal health agencies, Extension agents, and 
emergency response personnel . Additionally, the videos are also avail-
able on YouTube and at the University of Maryland Poultry Extension 
website in an effort to educate growers on ways to help prevent future 
outbreaks of avian influenza. By using short videos we are able to get 
beneficial information out to individuals that work with poultry in an 
easy readily available form .

Key Words: poultry, biosecurity, avian influenza, farms, growers

236   Effect of incline angle on the preparatory step for ramp 
climbing in the domestic fowl. Chantal LeBlanc1, Bret Tobalske2, 
Bill Szkotnicki1, and Alexandra Harlander*1, 1University of Guelph, 
Guelph, ON, Canada, 2University of Montana, Missoula, MT.

We undertook the present study to begin to test the capacity of laying 
hens to accomplish adaptive locomotion, which is the effective antici-
pation of obstacles and modulation of basic locomotor patterns for 
safe navigation through their environment . Three-dimensional rearing 
systems are structurally more complex than single-tier or caged sys-
tems, and the birds have much more space and opportunity to interact 
with their environment . To aid them in navigating this complex setting, 
ramps and perches are provided for reaching high-elevation tiers of the 
housing structures . If birds do not adapt their locomotion, injury may 
result . We measured the effects of incline angle upon the locomotor 
adjustments made to the preparatory step before climbing a ramp . We 
predicted that the largest kinetic changes would be made in response 
to the steepest inclines, specifically, that birds would modulate kinetics 
to maximize peak ground reaction force (GRF), as well as maximize 
ground contact time . We recorded 20 female domestic fowl preparing 
to ascend ramp inclines at slopes of +0, +40 and +70° when birds were 
17, 21, 26, 31, and 36 weeks of age . We used a walkway integrated 
force plate to assess the GRFs, collecting force data one step before 
climbing the ramp . We found that the GRFs of the foot changed gradu-
ally for increasing slope angle, with significantly higher vertical peak 
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GRFs and longer level ground contact times in preparation for the 
steepest inclines . The magnitude of the peak vertical GRFs (relative 
to bodyweight) showed a significant increase at the greatest angle (P 
< 0.0001). Ramp inclines of + 40° were no significantly different than 
horizontal ones, whereas higher vertical peak GRFs were measured on 
+ 70° ramp inclines compared with + 40° ramp incline (P < 0 .0001) 
and compared with the horizontal ramp (P < 0 .0001) . Our results show 
that domestic fowl modulate locomotion patterns in response to incline 
angle in a manner that suggests anticipation . These new data on bipedal 
kinetic modulation are essential to understand how safe locomotion is 
controlled in laying hens .

Key Words: incline, locomotion, ground reaction force, adaptive 
walking, bird

237   Teaching food defense in the age of the Food Safety Mod-
ernization Act. Emefa Monu* and Robert Norton, Auburn University, 
Auburn, AL.

Food defense deals with planning and prevention of intentional contami-
nation of food products . Changes in the FDA’s Food Safety Moderniza-
tion Act (FSMA) have made Food Defense plans (FDP) mandatory for 
food processors . Students need training to prepare their entry to the 
workforce . This presentation highlights the importance of incorporating 
FDP in poultry science and food science curricula . Case studies inform 

students of potential scenarios and keep them current on events in the 
industry . Students’ comprehension of concepts will be tested before 
and following introduction to potential intentional contamination sce-
narios . Beyond these, students must also understand sources of threats 
and motivations of threat actors . Development of individualized FDP 
introduces students to the practical tools and techniques needed in the 
workforce, including on-line tools, such as the FDA Food Defense Plan 
Builder . As the purpose of Food Defense education is to train students 
for their roles in the food industry, involvement from the industry would 
be vital, including guest lectures . Since computers and the internet have 
become so important to business, cyber security will also be included . 
Although Food Safety has been part of the curriculum in Food Sci-
ence and Poultry Science for decades, FDP educational requirements 
are new, undeveloped and untested . The goal of this effort is to gather 
assessment data to be used to better prepare future FDP curricula . Food 
Defense training is available, usually in workshops aimed at individuals 
already in the workforce . The approach promoted here provides both the 
focused education and training before students enter the workforce . By 
updating our curriculum to cover FDP topics now required by FSMA 
and incorporating rigorous assessments, corrections in the curricula can 
be quickly implemented, providing students with the tools, techniques 
and strategies to contribute to the defense of our food supply .

Key Words: food defense, FSMA, on-line tools, cyber, education
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238   Effect of a standardized blend of carvacrol, cinnamalde-
hyde and capsicum oleoresin on carcass quality of broilers using 
multiple trial analysis method. Clementine Oguey*, Pancosma SA, 
Le Grand Saconnex, Geneva, Switzerland.

Previous research showed the beneficial impact of a standardized 
protected blend of cinnamaldehyde, carvacrol and capsicum oleoresin 
(XT, XTRACT 6930, Pancosma, Geneva, Switzerland) on productive 
performance of broilers, on top of antibiotic free diets as well as in a 
context of AGP replacement . However, no comprehensive data were 
available until now on the influence of XT on carcass characteristics at 
slaughter . The objective was to assess the effect of XT on carcass qual-
ity of broilers . The database regrouped 40 treatments organized in 16 
studies (6285 broilers, mean duration of 40 .3 d, XT dose of 75 or 100 
g/t) . All trials reported side by side comparisons of XT supplementation 
(XT) to either an unsupplemented control diet (CT) or a diet containing 
an AGP (AGP) . Outcomes selected were BW at slaughter, carcass yield, 
carcass weight, dressing %, breast %, breast weight and abdominal fat . 
Data were analyzed using a mixed model with the TRIAL variable as 
a random effect and the TRT variable as a fixed effect. Mean values 
were calculated using the LSMEANS procedure of XLstat, weighting 
the data for the variance among trials . Results showed that BW of birds 
at slaughter was greater in XT and AGP groups than in CT (respectively 
+4 .6%, P = 0 .01 and +4 .3%, P = 0 .02) . Supplementation with XT or AGP 
numerically increased dressing % compared with CT (P < 0 .19) . Breast 
% was similar among treatments (P > 0 .20) . Breast weight, carcass 
yield and weight were greater in XT than in CT (respectively +4 .9%, P 
= 0 .04; +1 .1%, P = 0 .03 and +8 .5%, P = 0 .01) . Finally, abdominal fat 
was equal between CT and XT (mean 1 .20%, P = 0 .92) and lower than 
AGP (mean 1 .40%, P < 0 .05) . These results are in line with the respec-
tive known modes of action of the 2 types of additives on fat digestion 
and of XT on lipid metabolism. These findings suggest that the dietary 
supplementation of XT improves carcass yield and quality of broilers 
compared with diets containing or not AGP .

Key Words: broiler, carcass quality, multiple analysis, 
phytomolecules

239   Skin pigmentation, yield, cook-loss and shear force of 
breast from broilers fed with a grape seed extract. Leodan Rodri-
guez-Ortega2, Artemio Vargas-Galicia2, Fernando González-Cerón*3, 
Arturo Pro-Martínez2, Eliseo Sosa-Montes3, Jaime Bautista-Ortega1, 
Alejandro Rodriguez-Ortega4, and Gabriel Juárez-Juárez3, 1Colegio 
de Postgraduados, Mexico State, Mexico, 2Colegio de Postgradua-
dos, Texcoco, Mexico, 3Universidad Autónoma Chapingo, Texcoco, 
Mexico, 4Universidad Politécnica de Francisco I. Madero, Hidalgo, 
Mexico.

Pigmentation of breast skin is important for consumer acceptance; how-
ever, free radicals react with carotenes and decrease its pigmentation 
effectiveness in broilers . The aim of this research was to evaluate the 
effect of partial substitution of vitamin E (VE) by grape seed extract 
(GSE) on skin pigmentation, yield, shear force and cook-loss of breast 
in broilers . One-d-old Ross 308 male chickens (n = 420, 7 replicates 
per treatment) were randomly distributed into 3 treatments: Control-AL 
[basal diet containing 40 IU of VE (dl-α-tocopheryl acetate) and fed 
ad libitum; AL], Control-FR [basal diet containing 40 IU of VE and 
feed restriction; FR, (feed was offered 16 h d−1 starting at d 14 until 
the end of the experiment)], GSE-AL [basal diet containing 10 mg of 

GSE (equivalent to 30 IU of VE) plus 10 IU of VE and fed AL] . The 
skin pigmentation [redness (a*) and yellowness (b*)] was evaluated at 
d 46 (21 broilers per treatment) using a Minolta (Modelo CR-400/410, 
Minolta, Tokio, Japon) . At 47 d of age, 14 birds per treatment randomly 
selected were humanely killed by cervical dislocation according to the 
Mexican Official Norm (NOM-033-SAG/ZOO-2014). The breast was 
dissected separated to assess yield, cook-loss and shear force . Shear 
force was determined 24 h after cooking using a Warner-Bratzler shear 
device (model EZ-SX short, Dübendorf, Switzerland) . The data were 
analyzed using one-way ANOVA . Broilers from the GSE-AL treatment 
had the highest (P < 0 .05) a* (7 .3 ± 0 .4) and the lowest (P < 0 .05) b* 
(9 .9 ± 0 .7) values compared with chickens from Control-AL (a*, 4 .7 
± 0 .4; b* 13 .8 ± 0 .7) and Control-FR (a*, 5 .5 ± 0 .4; b*, 15 .5 ± 0 .7) 
treatments . Yield (25, 25, 26 ± 0 .5%), cook-loss (15, 16, 17 ± 1%) and 
shear force of breast (2 .543, 2 .416, 2 .542 ± 0 .2 kg/cm2) were no differ-
ent (P > 0 .05) among treatments (Control-AL, Control-FR, GSE-AL; 
respectively) . Our results suggest that GSE may partially replace VE 
in diets of broilers without impairment of yield, cook-loss and shear 
force of breast. However, more research is required to find the optimal 
level of inclusion of GSE that increase yellowness of skin of breast .

Key Words: grape seed extract, vitamin E, breast, skin pigmentation, 
shear force

240   A new turn: Assessing the shape of the avian egg. Deana 
Jones*2 and Darrin Karcher1, 1Purdue University, West Lafayette, 
IN, 2US National Poultry Research Center, Athens, GA.

Determining the size, shape, and density of the avian egg has always 
presented a problem . The measurements require an individual’s visual 
perception to determine the data points . The smooth surface and ovoid 
shape of the shell makes using micrometers to determine shape index 
difficult. Placing micrometers so that the absolute maximums of length 
and width can be assessed varies by each individual . Historically, deter-
mining the specific density of an egg has required the egg be placed in 
saline solutions of known concentrations to assess at which concentration 
the egg ‘floats’. Again, this measurement required the visual perception 
of when an egg is ‘floating’. Through the adaption of a laser imaging 
device developed to determine the volume of baked goods, objective 
determination of egg shape, volume, and density can be found . In about 
one minute per egg, the Volscan Profiler can determine: egg length 
(mm), maximum width (mm), shape index, length at maximum width 
(mm), percent length at maximum width, volume of the shell (mL), and 
egg specific density while producing a 3-D image of the egg. Repeated 
measurement of the same egg produces less than 1% variability in mea-
sured outcomes . The egg shape and volume information from this device 
can be utilized by poultry breeders, producers, and processors, as well 
as, housing and processing equipment and egg carton manufacturers .

Key Words: egg shape, shell volume, assessment

241   Cage-free aviary egg functionality: Impact of hen strain 
and cold storage. Deana Jones*3, Darrin Karcher2, Prafulla Regmi2, 
Cara Robison1, and Richard Gast3, 1Michigan State University, East 
Lansing, MI, 2Purdue University, West Lafayette, IN, 3USDA-ARS, 
Athens, GA.

In the US, food retailers and manufacturers have pledged to source eggs 
from non-cage housing systems . Understanding the impact of cage-free 
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systems on egg functionality is important to ensure consistent egg per-
formance in food matrices . A study was conducted comparing 2 brown 
shell and 2 white shell hen strains housed in a cage-free aviary system . 
Each set of eggs were washed according to USDA guidelines, placed 
in cold storage and assessed at 0, 4, 8, and 12 wks . Eggs were collected 
at 21, 31, 42, and 60 wk of hen age . Egg functionality tests conducted 
were: hard-boiled egg yolk strength, angel food cake volume, mayon-
naise strength, and whole egg pasta tensile strength . Hard-boiled yolk 
strength was greatest in fresh (127 .71 g force) than 12wk old (103 .59 
g force) eggs (P < 0 .001) . Additionally, hard-boiled yolk strength was 
impacted by hen strain (P < 0 .001) . Angel food cake volume and den-
sity, mayonnaise emulsion strength, as well as whole egg pasta tensile 

strength and stretch were influenced by a 3-way interaction of hen 
strain, hen age, and length of cold storage (P < 0 .01) . Angel food cake 
volume was greatest (331 mL; 42 wk) post-peak average for all hen 
strains compared with 304 mL at 60 wk . Greatest average mayonnaise 
emulsion strength occurred with fresh eggs from older hens (60 wk of 
age; 378 g force) . Understanding the impacts of hen strain, hen age, 
and extended cold storage on egg functionality can assist egg producers, 
further processors and food manufacturers to make informed decisions 
as to the best use of eggs coming from cage-free aviary housing systems .

Key Words: cage-free aviary, egg functionality, egg storage, hen 
strain
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242   Ex vivo epigenetic effect of folic acid on the proximal 
promoter area and mRNA gene expression of chicken embryonic 
primary B cell receptors. Juan Rodriguez-Lecompte*1, Ori Elad1, 
Shayan Sharif2, Alexarder Yitbarek2, and Randall Bishop3, 1Atlantic 
Veterinary College, Charlottetown, PEI, Canada, 2Ontario Veterinary 
College, Guelph, ON, Canada, 3Cornwallis Veterinarians, Kenville, 
NS, Canada.

Modulation of the immune system of the chick embryo has a dramatic 
effect on the immunity of the bird post-hatch, including an increase the 
ability to resist disease . Folic acid (FA) is a methyl donor, and plays a 
critical role in nucleic acid and protein synthesis with implications on 
the epigenetic regulation of gene expression . In this study, the effect of 
FA on the promoter methylation profile and expression profiles of Toll-
like receptor (TLR)-2b, TLR4, B cell receptor (BCR) immunoglobulin 
(Ig) β and major histocompatibility complex (MHC) II β chain genes in 
embryonic bursal chicken B cells was assessed . Ninety fertilized eggs 
were incubated at 37°C and 55% relative humidity . At embryonic day 
(ED)15, 18 and 21, bursa of Fabricius was extracted, and bursal cells 
isolated, counted and analyzed for viability . Three separate experi-
ments where B cells were incubated for 4 h with either 0, 1 .72 or 3 .96 
mM were conducted and results are presented as an average of the 3 
experiments . At 4 h of incubation, cell surface marker (IgM+) using 
flow cytometry, methylation patterns of the proximal promoter area 
using bisulfite conversion, cloning and sequencing, and relative gene 
expression (reduced folate carrier, TLR2b, TLR4, BCR β, and MCH II) 
using quantitative real-time PCR were analyzed . Isolation of cells from 
the bursal environment and culturing for 4 h lowered the population of 
IgMlow/med cells and increased the population of IgMhigh cells (P < 0 .05) . 
These changes were accompanied by the upregulation (P < 0 .05) of the 
Igβ and TLR4 mRNA levels at ED15, downregulation of TR2b at ED18 
and downregulation of TLR2b, TLR4 and MHCII β chain expression at 
ED21 . Incubation time and FA treatment did not affect the methylation 
profile of the proximal promoter region of TLR2b, Igβ and MHCII β 
chain genes in primary chicken B cell cultures (P > 0 .05) . Moreover, 
changes in mRNA levels were not induced by changes in the promoter 
methylation profile. However, changes in gene expression induced by 
FA were found to be concentration and ED dependent. These findings 
demonstrated the immunomodulatory capabilities of FA in developing 
B cells, and infer that the changes in gene expression might affect B 
cell selection in the bursa and activation following antigen recognition

Key Words: folic acid, chicken B cell, TLR2b, BCR Igβ, MHCII β 
chain

243   Genotypic variation, class I gene copy number variation 
and recombination within the chicken major histocompatibility 
complex Y (MHC-Y) system. Renee Kopulos*2, Robert Taylor1, and 
W . Briles2, 1West Virginia University, Morgantown, WV, 2Northern 
Illinois University, DeKalb, IL.

Major histocompatibility complex (MHC) genes are the most polymor-
phic in vertebrate genomes . The capacity to respond to bacterial, viral 
and parasitic diseases creates considerable selective pressure . Both size 
and organization of chicken MHC genes are unique compared with 
those genes found in mice and humans . Hemagglutination assays (HA) 
identified a highly polymorphic chicken alloantigen system, MHC-B, 
which corresponded to the MHC of other species . Molecular as well as 
serologic tests identify MHC-B types . Unexpected hybridizations with 

a MHC-B probe exposed a second MHC system, Rfp-Y . This system, 
now named MHC-Y, is not detected by HA due to absence or low 
expression levels on chicken red blood cells . The MHC-Y system has 
polymorphic genes similar to MHC class I and class II . Class I MHC-Y 
shows specialized binding of non-peptide ligands (Afanassieff et al ., 
2000, 2001; Hee et al ., 2009, 2010) . The objective of this study was to 
gain insight into the MHC-Y genotypic diversity . Southern blot analy-
sis of MHC-Y haplotypes found in 9 different layer stocks of Leghorn 
origin uncovered extreme MHC-Y polymorphism among the haplotypes . 
Variation among hybridizing fragments ranged from 2 to 4 in simple 
haplotypes compared with as many as 12 fragments complex haplotypes 
in more complex types . The latter result suggested copy-number varia-
tion (CNV) . Denaturing gradient gel electrophoresis (DGGE) applied 
to MHC-Y class I locus exons 3 and 4 provided a more direct measure 
of sequence variability . The data further supported the likelihood 
of different numbers of MHC-Y class I (Y-F) genes across multiple 
haplotypes . The Y-F molecules had an apparent higher recombination 
frequency (≥1% or 1 cM) possibly due to the presence of many similar 
genes within the MHC-Y region combined with higher recombination 
rates for microchromosomes compared with their larger counterparts . 
The proximity of PO41, a 41 base pair repeat, might also contribute to 
region instability .

Key Words: MHC-Y, haplotype, variation

244   Humoral and cellular immune responses in chickens fol-
lowing primary and secondary immunization with T-dependent 
antigen (mouse IgG) administered alone, mixed with alum 
adjuvant, or conjugated to nanoparticles. Gisela Erf*1, Hyeonmin 
Jang1, Daniel Falcon1, Kristen Byrne1, and Zoraida Aguilar2, 1Univer-
sity of Arkansas, Division of Agriculture, Fayetteville, AR, 2Zystein 
LLC, Fayetteville, AR.

Recently, we developed the pulp of growing feathers (GFs) as a skin 
test-tissue to monitor cellular immune system activities in vivo in the 
same individuals . The objective of this study was to simultaneously 
monitor and assess humoral and cell-mediated effector responses to a 
T-dependent antigen (mouse IgG) in chickens by repeatedly sampling 
the blood and mouse IgG-injected GFs of the same individuals . For 
immunization, mouse IgG was injected into the breast (i .m .) of chick-
ens, either alone, mixed with Alum-adjuvant, or conjugated to iron 
oxide nanoparticles (10 nm) . Group 1 was immunized at 7 wks; Group 
2 at 7 and 11 wks (n = 4 chickens/treatment/Group) . Plasma levels of 
mouse IgG-specific antibodies (IgM, IgG) were monitored for 28 d 
after each the primary and secondary i .m . immunizations . To examine 
the local cellular effector responses to antigen in immunized chickens, 
mouse IgG was injected into 20 GFs per chicken on Day 10 or Day 5 
post-primary- or secondary-immunization, respectively . Two GFs were 
collected before- (0) and 0 .25, 1, 2, 3, 4, 5, and 7 d post-injection; one 
GF to determine leukocyte infiltration profiles by flow cytometry and 
the other GF for cytokine gene-expression analysis by quantitative 
RT-PCR . All data were statistically analyzed using Repeated Measures 
ANOVA and Fisher’s Multiple Means Comparisons tests . Local cel-
lular effector responses to mouse IgG differed (P < 0 .05) following 
primary- and secondary i.m. immunization. Specifically, leukocyte 
infiltration occurred earlier and, especially in the case of IgM+ B 
cells, at higher levels after the second immunization . Expression of 
inflammatory cytokines (IL-1, IL-6, and IL-8) in mouse IgG-injected 
GFs was similar during the primary and secondary response, whereas 
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expression of IL-4, IL-10, IL-21, and IFN-gamma occurred earlier and/
or at higher levels during the secondary response . Similarly, ELISA of 
plasma samples revealed established differences between primary and 
memory antibody response profiles. Differences (P < 0 .05) in local and 
systemic immune responses were also observed as a result of using dif-
ferent formulations of mouse IgG for i .m . immunizations . Minimally 
invasive, non-terminal procedures such as sampling of injected GFs and 
blood, provide unique opportunities to address fundamental aspect of 
cellular and humoral immune responses in poultry . Funding by NIH-
NIBIB R15 EB 015187-01A1; Erf, PI .

Key Words: antibody response, cell-mediated immunity, adjuvant, 
cytokines, leukocytes

245   Examination of cellular and molecular events during the 
induction and resolution of acute inflammation in broiler chick-
ens. Daniel Barreda*, Juan More Bayona, and Anbu Karuppannan, 
University of Alberta, Edmonton, AB, Canada.

Acute inflammation promotes early engagement of invading pathogens 
and contributes to the development of adaptive responses . This presen-
tation will summarize recent experiments from our laboratory looking 
to define the role of leukocytes in the induction and resolution of acute 
inflammation in broiler chickens. Methods were based on combinato-
rial examination of cellular and molecular immune responses, and an 
in vivo self-resolving challenge model that elicited acute inflammation 
following intra-abdominal injection of zymosan as a pathogen mimic . 
Examination of blood and hematopoietic compartments showed a tight 
correlation between hematopoietic blood cell production, their migra-
tion through circulation and discrete functional events at the infection 
site. A significant drop in the number of hematopoietic leukocytes 4 h 
post-challenge was followed by dramatic increase in blood leukocyte 
numbers, which was dominated by members of the heterophil subset . 
This also represented the dominant population infiltrating the challenge 
site (peak infiltration between 8 and 18 h post-challenge), followed by 
members of the monocyte subset . Interestingly, both leukocyte popula-
tions also contributed to the resolution of inflammation. A timely shift 
in their phenotype, from pro-inflammatory to pro-resolving was largely 
driven by interactions with apoptotic cells at the site of inflammation 
as well as soluble mediators. In all, we find that polarization of these 
phagocytes toward pro-inflammatory or resolution roles contribute to 
the efficient induction and regulation of acute inflammation in poultry.

Key Words: innate immunity, acute inflammation, broiler chicken, 
macrophage, heterophil

246   Effects of long-term of early life probiotics administra-
tion on adaptive immune responses in chicken pullets and laying 
hens. Pablo Lopera*2, Julian Reyes1, and Juan Rodriguez-Lecompte1, 
1Atlantic Veterinary College, Charlottetown, PEI, Canada, 2Avicola 
Nacional S.A, Medellin, Antioquia, Colombia.

A study was conducted to assess the long-term effects of a blend of 
Lactobacillus acidophilus and Bacillus subtilis on antibody production 
to viral and bacterial antigens used in poultry vaccines . During the study, 
2 periods of time were evaluated: day old to 17 wks (pullets) and from 
18 wks to 80 wks (layers) . Day-old (n = 24,582) Hy-Line Brown pullets 
were divided into 2 groups: 14,076 birds (Control) and 10,506 birds 
(Probiotic) respectively . The probiotics blend was administrated orally 
for 7 consecutive days at wk 1, 4, 7, 10, 13, 17, and 20 respectively . Both 
groups received the same vaccination program: Newcastle Disease Virus 

(NDV), 3 live vaccines (LaSota strain) and one inactivated oil vaccine 
at d 10, 29, 52 and 98 respectively; Infectious Bronchitis Virus (IBV) 3 
live vaccines (Massachusetts strain) and one inactivated oil vaccine at d 
10, 29, 52 and 98 respectively; Infectious Bursal Disease Virus (IBDV) 
4 live vaccines (intermediate strain) at d 10, 19, 29 and 37 respectively; 
Encefalomielitis (EA) one live vaccine (Calnek strain) at d 70; and 
Mycoplasma gallisepticum (MG) one live vaccine (F strain) and one 
inactivate vaccine at d 37 and 98 respectively . On wk 2, 4, 5, 6, 11, 17, 
45 and 60, 15 serum samples of each group were randomly collected 
for the determination of specific antibodies (IgG) using either ELISA 
or hemagglutination inhibition (HI) . A repeated measure ANOVA was 
calculated for each one of the variables of interest (mortality and specific 
antibodies) . The antibodies measurements were Log-transformed to 
improve their distribution . Results showed that probiotics administration 
to hens have affected (P < 0 .001) the weekly mortality for the whole 
productive cycle (rearing and laying) . The long-term effects of early 
life probiotics administration in layers enhanced immunological status 
on adaptive immune responses to specific antigens such as NDV (P = 
0 .0285), IBDV (P = 0 .059) and MG (P = 0 .0006), which could improve 
health status . The treatment with a blend of probiotic bacteria has shown 
to reduce mortality, and to enhance systemic antibody responses in 
chickens . Also this study is extrapolating that the changes in antibody 
concentration are antigen type .

Key Words: adaptive immunity, probiotics, antibodies, hen, health

247   Highly pathogenic avian influenza H5N2 in naturally 
infected turkey breeder hens: Virus distribution, histopathol-
ogy, and host immune gene expression. Michelle Behl*1, David 
Caldwell1, Mike Kogut2, Luc Berghman1, Kenneth Genovese2, and 
Morgan Farnell1, 1Texas A&M, Spicer, MN, 2USDA-ARS, College Sta-
tion, TX.

The spring 2015 outbreak of the highly pathogenic avian influenza virus 
(HPAI) was by far the largest animal disease outbreak in United States 
history. Nearly 70% of the all confirmed cases occurred in the turkey, 
however very little is known about this particular virus and host inter-
action . This study examined the viral distribution and semiquantitative 
viral load, histological viral lesions, and gene expression of several 
immune components in tissues of naturally infected turkey breeder 
hens . The brain, heart, GI, liver, lung, reproductive tract, spleen, and 
trachea were studied in 3 distinct groups of birds: clinical, sub-clinical, 
and negative birds . Virus was detected in all of the tissues collected on 
the positive premise, regardless of clinical status thus illustrating its 
extreme infectivity. Clinically affected birds had significantly higher 
matrix gene content, in the brain, GI, spleen, and trachea than those 
sub-clinically affected . Histological changes were generally very mild 
and insignificant and confined to the trachea and liver. Changes in the 
gene expression of IL-1β, IL-6, IL-10, CCL-5, CXCLi-2, Mx, OASL, 
IFN-γ, IFIH1, and FasL were examined. The resulting data suggests that 
this particular virus was able to avoid initial detection by suppressing 
IFIH1 expression, the pro-inflammatory cytokines IL-1β and IL-6, and 
the antiviral component IFN-γ in the trachea. Undetected, the virus 
quickly disseminated throughout the body . The widespread downregu-
lation of IFN-γ and upregulation of CCL-5 and OASL likely further 
contributed to the virus’ pathogenesis . Evidence of a cytokine storm 
was lacking . Death does not appear to be the result of organ damage/
necrosis or even hypercytokinemia, but purely from immune evasion 
and excessive viral load in the tissues .

Key Words: HPAI, turkey, H5N2, matrix gene, avian influenza
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248   Development and performance of an automated whole-
house poultry vaccination system. Joseph Purswell, Scott Branton, 
and Jeffrey Evans*, USDA ARS, Mississippi State, MS.

Recent catastrophic disease events have illustrated the need for preven-
tive measures such as enhanced biosecurity and a rapid and effective 
means of vaccine administration . Current vaccination methods rely 
on drinking water administration or man-portable spray devices, both 
of which result in variable and ineffective protection from disease . 
Recent research efforts and further commercial development have 
resulted in a whole-house vaccination system, which reduces person-
nel contact with birds and improves protection rates . The whole-house 
vaccination system uses a water-borne spray to apply vaccine directly 
to loose-housed poultry and is controlled with a proprietary pump 
control system. A field study was undertaken to assess the efficacy of 
a prototype system compared with a man-portable sprayer . Infectious 
Bronchitis Virus (IBV) and Newcastle Disease Virus (NDV) were spray 
applied using both methods (automated vs . manned) at 6 weeks of age . 
Blood samples were collected from 1% of the birds in each house at 4 
to 5 weeks post-vaccination and submitted to a veterinary diagnostic 
laboratory for analysis via ELISA . Mean seroconversion rates over 4 
flocks for IBV were 69.3% and 41.2% for automated vs. crew spraying, 
respectively. Mean seroconversion rates over 4 flocks for NDV were 
70 .2% and 22 .2% for automated vs . crew spraying, respectively . A 
commercial system was installed after prototype verification in a new 
commercial pullet house . Recent seroconversion results from spray 
applications with the commercial system were 100% and 97% for IBV 
and NDV, respectively .

Key Words: vaccination, disease, protection, housing

249   Effect of allicin in broilers raised at 2278 m above sea 
level. Artemio Vargas-Galicia1, Raúl Argüello-García2, Fernando 
González-Cerón*3, Arturo Pro-Martínez1, Eliseo Sosa-Montes3, 
Jaime Bautista-Ortega1, Leodan Rodríguez-Ortega1, Analy Mata-
Estrada1, Jesús Arreola-Enríquez1, María Rangel-Zepeda3, and 

Diego Zarate-Contreras1, 1Colegio de Postgraduados, Mexico State, 
Mexico, 2Centro de Investigación y Estudios Avanzados, Instituto 
Politécnico Nacional, Mexico City, Mexico, 3Universidad Autónoma 
Chapingo, Mexico State, Mexico.

Pulmonary arterial hypertension syndrome in broilers (also known as 
ascites syndrome) can be attributed to deficient oxygen delivery and 
a high oxygen demands on the metabolic processes . Compounds like 
allicin with hypotensive effect could be an alternative therapeutic in 
the ascites syndrome . The present study was carried out to evaluate the 
effect of allicin administration on body weight (BW) gain, hematocrit 
(Hct%) and right ventricular weight/total ventricular weight ratio 
(RV:TV) in broilers raised at 2278 of altitude . A total of 25 1-d-old male 
broilers (Ross 308) were assigned to 5 treatment doses (4 preventive 
treatments and one curative treatment): T1, control, 0 mg of allicin 
kg−1 BW; T2, 1 mg of allicin kg−1 BW; T3, 5 mg of allicin kg−1 BW; 
T4, 10 mg of allicin kg−1 BW (doses administered to healthy chickens) 
; and T5, 5 mg of allicin kg−1 BW (dose administered in broilers with 
ascites symptoms), under a completely random design (a chicken was 
considered an experimental unit) . The treatments were applied during 
7 d, from the 14 d of age . Allicin was administered by oral-esophageal 
route using a pediatric catheter (5-Fr caliber) . BW gain was recorded 
weekly . Hct% was evaluated at 21, 28 and 35 d of age . Five chickens 
per treatment were humanely killed by cervical dislocation at d 35 to 
determine RV:TV . Results of this study showed that the BW gain and 
RV:TV were not affected (P > 0 .05) by treatment doses . Birds in the T2 
showed lower (P < 0 .05) Hct% (25 .5 ± 1 .4%) at d 28 than the others (T1 
= 31 .5, T3 = 27 .7, T4 = 28 .2 and T5 = 32 .6 ± 1 .4%) . However, chickens 
in the T4 showed lower (P < 0 .05) values of Hct% (29 .9 ± 1 .4%) than 
the others treatments at d 35 of age (T1 = 36 .0, T2 = 32 .4, T3 = 31 .1 
and T5 = 33 .5 ± 1 .4%) . In conclusion, allicin administration improved 
hematocrit without compromising body weight gain in broilers . Further 
studies are needed to find the optimal dose of allicin that improve the 
right ventricular weight/total ventricular weight ratio .

Key Words: allicin, hematocrit, RV:TV ratio, body weight gain
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250   The effectiveness of a yeast cell wall product in commer-
cial layers for reduction of Salmonella enteritidis colonization 
in ovaries and ceca. Charles Hofacre*2, Roy Berghaus2, Gregory 
Mathis1, and Sangita Jalukar3, 1Southern Poultry Research Group, 
Athens, GA, 2The University of Georgia, Athens, GA, 3Arm and 
Hammer Animal Nutrition, Mason City, IA.

The FDA Egg Rule makes Salmonella enteritidis (S.E.) a significant 
concern for the commercial layer companies . Yeast cell wall products 
have demonstrated to bind bacteria with type I fimbriae reducing colo-
nization and the B-Glucan portion to enhance the intestinal immune 
response . This study utilized 200 Hyline W-36 pullets divided into 4 
equal treatments: (T1) no additive NRC layer pullet diet fed continu-
ously and challenged; (T2) Celmanax SCP 100 g/metric ton from 1 d 
of age and challenged; (T3) Celmanax SCP 100 g/metric ton from 10 
weeks of age to challenge; (T4) no additive NRC layer pullet diet fed 
continuously and not challenged . At 12 weeks of age all pullets were 
light stimulated, then at 16 weeks each bird was orally gavaged with 1 .8 
× 109 cfu/bird nalidixic acid resistant S .E . Seven days’ post challenge 
hens were euthanized, cecas and ovaries aseptically removed, weighed 
and placed into sterile plastic bags . Prevalence of S . E . was determined 
by culture in tetrathionate/XLT-4 . Enumeration of S .E . in ceca was by 
MPN method of Berghaus. Statistical analysis was by Pearson’s χ2 and 
Tobit censored regression with Bonferroni pairwise comparisons . MPNs 
were log-transformed before stats; P < 0 .05 . Results: Ceca prevalence: 
No Salmonella were identified from non-challenged ceca (T4); thus T4 
was excluded from statistical analysis . All ceca were 100% positive for 
S .E . Ceca enumeration: untreated challenged mean (SE) log10 MPN 
was 5 .70a (0 .38); Celmanax (from d 1) 4 .48a (0 .36); Celmanax (from 
wk 10) 4 .27a (0 .38) . Salmonella loads in many ceca were above level 
of counting (106 cfu/mL); therefore, the number of TNTC (too numer-
ous to count) per treatment was evaluated: untreated challenged 47 .9% 
aTNTC; Celmanax (from d 1) 25 .5%a; Celmanax (from wk 10) 43 .8%a . 
Ovary prevalence: untreated challenged 45 .8%a; Celmanax (from d 1) 
48 .9%a and (P < 0 .6) Celmanax (from 10 weeks) 60 .4%a . The S E chal-
lenge was effective in colonizing ceca and ovaries . The treatment with 
Celmanax from 1 d or 10 weeks did not reduce the colonization of S .E . 
in the ovaries, however, the Celmanax SCP did numerically reduce the 
level of S .E . in the positive ceca and was able to numerically reduce 
those pullets with extremely high (TNTC) levels of S .E . in their ceca .

Key Words: Salmonella enteritidis, layer, yeast, ovary, ceca

251   Evaluation of foam applied disinfectants and chemicals for 
inactivating infectious bronchitis virus with and without the pres-
ence of high organic load. Robert Alphin*, Alissa Moritz, Daniel 
Hougentogler, and Eric Benson, University of Delaware, Newark, 
DE.

Cleaning and disinfection is an important component of both emergency 
disease response and animal health programs . Porcine epidemic diarrhea 
virus (PEDV) has spread through much of the country . Contaminated 
transport equipment is considered a significant risk factor. Foam applied 
disinfectants tend to have increased contact time over liquid applied 
disinfectants. This study evaluated the efficacy of 3 commercial dis-
infectants and 3 common chemicals mixed with a commercial foam 
concentrate and applied to inactivate infectious bronchitis virus (IBV) 
which served as a surrogate for PEDV . The experiment consisted of 2 
parts: Part A involved virus only, while Part B involved the virus mixed 

1:1 with manure tea . In both experiments, the virus was inoculated onto 
coupons and treated with disinfectants or chemicals . Manure tea was 
added to replicate the high levels of manure present in animal transport 
trailers . The 4 trials in Part A, without manure tea, included acetic acid, 
phosphoric acid, phenol blend, glutaraldehyde blend and peroxygen . 
The 2 treatments with manure tea in Part B included citric acid, acetic 
acid, phenol blend, and peroxygen . Following treatment, virus was 
recovered by repeated washes of the coupons with a neutralizing broth . 
Virus inactivation was determined by inoculating embryonated eggs 
with coupon wash fluids and testing for viral growth by examination of 
embryos for lesions associated with IBV . Disinfectants and chemicals 
were effective at inactivating IBV if there was ≥ 104 EID50/ml positive 
control, viral titer < 101 .2 EID50/ml and no lesions . In Part A, with no 
manure tea present, many of the disinfectants and chemicals successfully 
inactivate IBV . The peroxygen was successful in 4 of 7 trials, the phenol 
blend in 6/7 trials, the glutaraldehyde blend in 5/7, the phosphoric acid 
in 4/4, and citric acid in 4/4. In Part B, there was a significant reduction 
in effectiveness inactivating IBV with manure tea present . Peroxygen 
was only successful in 1/2 trials while the phenol blend (0/2), acetic acid 
(0/3), and citric acid (0/3) were not successful inactivating IBV in the 
presence of manure tea . Based on these laboratory results, the addition of 
manure tea increased the organic load sufficiently to reduce inactivation 
of the virus by the disinfectants and chemicals . This demonstrates the 
challenges of cleaning and disinfecting heavily contaminated vehicles .

Key Words: disinfection, infectious bronchitis virus, foam, organic 
load, manure tea

252   Observational analysis of broiler production and health 
data collected during the transition from a raised with to a raised 
without antibiotic program. Kevin Watkins*, Kristi Baker, and Matt 
Salois, Elanco, Greenfield, IN.

Production and health records from 2 US broiler complexes were col-
lected during the transition from a raised with (AB) to a raised without 
antibiotic (RWA) program . Production records from more than 7,800 AB 
and 2,800 RWA flocks were matched to health data from flocks randomly 
selected for field necropsy (HTSi, Elanco, 2010). An intestinal integ-
rity score was computed from individually weighted enteric condition 
scores . AB programs used ionophore-based anticoccidials, some in-feed 
and in-water antibiotics and some animal-based feed ingredients . RWA 
programs used chemical-based anticoccidials, no in-feed or in-water 
antibiotics and only plant-based feed ingredients . Feeding program 
effects on production and health were subjected to ANOVA using Fit 
Model procedures of JMP (SAS Institute Inc ., 2015) with time and age 
as covariates . Flock was the observational unit and each complex was 
analyzed separately . At both complexes birds/m2 was lower (P < 0 .01) 
and downtime was greater (P < 0.05) for RWA flocks compared with 
AB flocks. On average, RWA flocks were processed 0.3 d older than 
AB flocks. Processing weight averaged 3.6 kg at complex A and 1.9 kg 
at complex B. RWA flocks received a greater (P < 0 .01) proportion of 
earlier feeds (grower/finisher) compared with AB flocks which received 
a greater proportion of later feeds (finisher/WD). RWA flocks from both 
complexes were processed heavier (P < 0 .01) and had better (P < 0 .05) 
ADG and FCR compared with AB flocks. Total condemn rate was lower 
(P < 0.01) for RWA flocks at complex A. There was no difference (P > 
0 .9) in condemn rate at complex B . Overall and 7-d mortality was higher 
(P < 0.01) for RWA flocks at both complexes. At both complexes RWA 
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flocks had poorer (P < 0 .01) intestinal integrity and greater (P < 0 .05) 
prevalence of necrotic enteritis and proventriculitis compared with AB 
flocks. RWA flocks had greater (P < 0 .01) prevalence of foot-pad lesions 
at complex A and greater (P < 0 .05) prevalence of E. acervulina and 
maxima at complex B . Prevalence of scratches and TD was greater (P 
< 0.05) for AB flocks at complex A. Live cost was higher (P < 0 .01) 
for RWA flocks at both complexes and margin estimates suggested that 
RWA flocks needed a 6.2% whole carcasses price premium to equal 
the value of AB flocks.

Key Words: broiler, raised without antibiotics, health, production, 
HTSi

253   Effects of stocking density, fumonisin B1, or mycotoxin 
binder on growth performance, bone quality, stress indica-
tors, and gut physiology in broiler chickens. Kyung-Woo Lee*1, 
Sang Lee1, Da-Hye Kim1, Moung-Cheul Keum1, Eileen Han2, and 
Byoung-Ki An1, 1Konkuk University, Seoul, Korea, 2Biomin, Jalan 
Bukit Merah, Singapore.

The present study was carried out to investigate the effects of stock-
ing density, fumonisin B1 (FB1), or mycotoxin binder on the growth 
performance, bone quality, physiological stress indicators, and gut 
microbiota in broiler chickens . One-day-old Ross 308 male broiler 
chicks (n = 1,440/experiment) were randomly allocated to 72 floor pens 
in a 3 × 2 × 2 factorial arrangement, including 3 stocking densities (12 .5 
birds/m2 [HSD], 10 birds/m2 [MSD] or 7 .5 birds/m2 [LSD]), 2 levels of 
purified FB1 (0 or 10 ppm) or 2 levels of mycotoxin binder (0 or 0.2%). 
Each treatment had 6 replicates and experiment lasted 34 d . Each pen 
was considered an experimental unit . All data were analyzed by 3-way 
ANOVA with stocking density level, FB1, and TB as main factors using 
GLM of SAS . Body weight gain and feed intake were lower (P < 0 .05) 
in broilers kept at HSD and MSD compared with the LSD-housed 
counterparts . Birds fed FB1-contaminated diet exhibited higher feed 
conversion ratio (FCR) compared with those fed FB1-free diet (P < 
0 .05) . Both stocking density and dietary mycotoxin binder affected (P 
< 0 .05) Escherichia coli in cecal samples . None of treatments affected 
intestinal morphology and ileal sIgA concentrations . Stocking density 
affected (P < 0 .05) tibia breaking strength, being lower in chickens 
housed at HSD compared with the LSD-housed chickens . Heterophil/
lymphocyte ratio (H/L ratio) was elevated (P < 0 .05) in HSD and MSD 
groups compared with the LSD group . However, serum concentrations 
of corticosterone and a-1-acid glycoprotein were not altered (P > 0 .05) . 
In summary, increasing stocking density lowered growth performance, 
bone quality and cecal E. coli contents, but increased H/L ratio . Dietary 
mycotoxin binder did not affect FB1-induced increased in FCR . No 
clear interaction on the measured variables between stocking density 
and FB1 was observed in this study .

Key Words: stocking density, fumonisin, mycotoxin binder, growth 
performance, broiler chicken

254   The effect of stocking density on turkey tom health and 
welfare to 16 weeks of age. Kailyn Beaulac*, Henry Classen, Susan-
tha Gomis, and Karen Schwean-Lardner, University of Saskatchewan, 
Saskatoon, SK, Canada.

In commercial rearing conditions, stocking density (SD) impacts eco-
nomic return . The effects of rearing density on bird health and welfare 
are important, as there is little research focusing on SD in heavy toms . 
One experiment (2 trials with 4 room replications per treatment), evalu-
ated the effects of SD on turkey toms to 16 wk of age (1,434 Nicholas 

Select poults/trial) . Birds were placed in large open rooms (6 .71 m × 
10 .06 m) on day of hatch based on 4 treatment densities (predicted 
final body weight of 30, 40, 50, and 60 kg/m2 plus an additional 5% 
to account for mortality) . Feeder and drinker space was allocated on 
a per bird basis . Environmental parameters (RH, temperature, carbon 
dioxide, and ammonia) were recorded, and ventilation was adjusted to 
maintain similar values in each room regardless of treatment . Incidence 
of injurious pecking were recorded daily and birds were treated accord-
ingly . Feather condition, feather cleanliness, subjective gait score, and 
footpad lesion scores were evaluated at 12 and 16 wk of age (20 birds/
replicate/block) . Data were analyzed with regression analyses using 
Proc Reg and RSreg of SAS 9 .4 (SD as independent variable) and dif-
ferences were considered significant when P ≤ 0.05 (trends P ≤ 0.10). 
Injuries due to aggressive pecking were not affected by increasing SD . 
Overall feather condition (cumulative score – max of 20) was poorer 
in birds housed at high SD at both wk 12 (linear; 12 .81, 12 .65, 12 .20, 
and 11 .58) and 16 (quadratic; 12 .84, 11 .81, 11 .56, and 11 .18) for 30, 40, 
50, and 60 kg/m2 respectively . Feather cleanliness (average score on a 
scale of 1–4) demonstrated an increasing quadratic relationship as SD 
increased at both wk 12 (1 .48, 1 .91, 2 .20, and 2 .36) and wk 16 (1 .45, 
2 .06, 2 .37, and 2 .73), with dirtier birds at higher densities . Gait score 
and footpad score were unaffected by density at 12 wk of age . At 16 
wk, both average gait score and average footpad lesion score increased 
as SD increased with increasing lameness severity (linear; 1 .23, 1 .76, 
1 .66, and 1 .89) and increasing footpad lesion severity (quadratic; 1 .24, 
1 .20, 1 .60, and 2 .35) for 30, 40, 50, and 60 kg/m2 respectively . The 
results from this study demonstrate that high SD negatively impacts 
turkey tom health and wellbeing through feather condition, cleanliness, 
gait score, and foot pad lesion scores .

Key Words: rearing density, feather condition, gait score, footpad 
lesion

255   Partial feed restriction in Pekin duck grow-out has mini-
mal effect on overall production rates and may reduce lameness. 
LIndsey Porter1, Hannah Potter1, Luke Van Blois1, Emily Gregory1, 
Grace Ditzenberger1, Murphy Stadelmaier1, Zach Tucker2, Dan 
Shafer2, Mike Turk2, and Gregory Fraley*1, 1Hope College, Holland, 
MI, 2Maple Leaf Farms, Inc., Leesburg, IN.

Like other poultry species, a greater number of Pekin ducks are observed 
with lameness due to increased muscle growth relative to the skeletal 
system . Previous studies have shown that duck leg bones grow expo-
nentially in terms of mineral deposition during the first 2 weeks of life. 
Therefore, we hypothesized that a slight food restriction would reduce 
muscle mass development sufficiently to allow the skeletal system to 
more fully develop. Our primary goal in this first experiment was to 
determine if food restriction could occur without increasing the time 
to market weight . To obtain this goal, ducks (20 per pen; 3 pens per 
treatment) were fed ad lib on the day of hatch (Day 1), and then the 
food intake of the control pens was measured daily . In other pens, birds 
were provided either 65% or 85% of the daily control diet . Ducks were 
fed starter diet (22% protein) until d 10 then grower diet (18% protein) 
until d 35 . Food restricted ducks had lower (P < 0 .05) body weights 
then controls at d 7 and 14 . After d 14 when all ducks were fed ad lib, 
food-restricted ducks ate significantly (P < 0 .01) more feed per day then 
control ducks and subsequently also gained body weight at an increased 
rate. By d 35 there were no significant differences in body weight among 
the 3 groups of ducks . Control ducks ranged from 2 .8 to 3 .4 kgs, the 
65% group ranged from 2 .95 to 3 .5 kgs and the 85% group ranged from 
2 .9 to 3 .4 kgs . Qualitative assessment of gait also suggested that food 
restricted ducks had more uniform leg conformation and gait then did 
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the control ducks . These data suggest that a slight food restriction is 
possible without adding time to market and this paradigm might reduce 
the occurrence of lameness in growing ducks .

Key Words: lameness, growth rate, food restriction, stress

256   Evaluation of alternative euthanasia methods of neonatal 
chickens. Shailesh Gurung*2, Dima White2, Gregory Archer2, Dan 
Zhao2, Yuhua Farnell2, E . Peebles1, and Morgan Farnell2, 1Missis-
sippi State University, Mississippi State, MS, 2Texas A&M AgriLife 
Research, College Station, TX.

Maceration is a rapid and humane means of euthanasia for day of hatched 
chicks . However, many consumers do not agree with the practice . We 
hypothesized that gas asphyxiation or low atmospheric pressure stunning 
(LAPS) may serve as commercially viable alternatives to instantaneous 
mechanical destruction . The objective of the study was to evaluate 7 
euthanasia treatments: breathing air (NEG), 25% carbon dioxide (CO2), 
50% CO2, 75% CO2, 90% CO2, 100% nitrogen (N2), and LAPS . Twenty 
day of hatch, male layer chicks were randomly assigned to each treat-
ment . A custom-made vacuum system was used to reduce the air pressure 
inside the chamber from 760 torr to 115 torr for the LAPS treatment . 

Compressed CO2 (100%), N2 (100%), and breathing air tanks were used 
to introduce the respective gases into the vacuum chamber . A portable 
infrared gas analyzer was used to measure CO2 concentration of gas 
from the vacuum chamber outlet port . The chicks were subjected to 
each treatment for 5 min after achieving the desired gas concentration or 
vacuum pressure inside the chamber . Serum corticosterone levels were 
measured using a commercially available competitive ELISA . Statisti-
cal analyses were done by one-way ANOVA using the GLM procedure . 
Means deemed significant were further evaluated using a Tukey post hoc 
test . The 25% and 50% CO2 treatments were discontinued after the first 
replication, as the majority of the chicks recovered . The chicks in the 
untreated control group had significantly higher (P < 0 .0001) levels of 
corticosterone than the 4 euthanasia treatments . The mean corticosterone 
concentrations were: 14 .77 ng/ml NEG, 5 .02 ng/ml 75% CO2, 8 .84 ng/
ml 90% CO2, 5 .8 ng/ml N2, and 6 .0 ng/ml LAPS . The NEG treatment 
birds were conscious for the duration of the 5 min gas exposure . It is 
possible that the noise generated from the infusion of breathing air may 
have been more stressful than the euthanasia treatments . These data 
suggest that the CO2, N2, and LAPS treatments are viable alternatives 
for euthanasia of day of hatch male layer chicks .

Key Words: chick, male layer, euthanasia, LAPS
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Animal Well-Being and Behavior

257   Assessment of commercial Pekin duck welfare: A compari-
son of methods. Essam Abdelfattah*, Maja Makagon, and Giuseppe 
Vezzoli, University of California, Davis, Davis, CA.

Unlike methods that require the corralling, catching and handling of 
individual birds (IN), the transect walks (TW) method involves only 
visual inspection of the flock. During TW, observers walk the length of 
the barn . TW have been applied to broilers and turkeys . We aimed to 
assess the feasibility of using TW to evaluate the welfare of commercial 
ducks by determining 1) whether the TW method produces comparable 
results with the currently used IN method, and 2) whether the number of 
transects through the barn affect results of assessments . Six commercial 
30-d-old Pekin duck flocks (5850–6300 ducks/flock) were evaluated. 
One hundred 50 ducks (IN) and 7 transects (TW) were evaluated per 
flock. During TW, ducks within approximately one meter in front of 
observer and for the width of transect were scored and recorded . Two 
observers recorded the incidence of ducks in the following welfare 
indicators: feather quality (featherless areas <5 cm2 = FQ1; > 5 cm2 = 
FQ2), feather dirtiness (dirty areas <5 cm2 = FD1; > 5 cm2 = FD2), blood 
on feathers (presence of blood = BF), eye condition (dirt or staining 
around the eye = E1; eyes sealed shut or blind = E2), nostril condition 
(nostril blocked from inside = N1; nostril opening blocked = N2), and 
lethargic birds (“sick” appearance = S). Data were analyzed using Proc 
Mixed in SAS (v .9 .4) with barn as experimental unit . Obtained data 
were checked for observer effect then averaged between 2 observers . 
Lower proportions of ducks per flock were recorded in the FQ1, FQ2, 
FD1, FD2, BF, E1, and N1 categories using TW than IN (P < 0 .05 for 
all indicators) . Observed frequencies of indicators were not different 
across transect locations within a flock (P > 0 .05), except for BF (P < 
0 .0001) . Bootstrapping analyses (calculated expected mean and SE for 
different numbers of transects) of TW data revealed that similar results 
could be obtained using as little as 20% of information (2 transects per 
house) . Method based differences in incidences of FQ and BF have 
also been reported for turkey flocks. There, the TW (but not IN) results 
corresponded to whole flock evaluations conducted during load out. It 
is not clear from our data whether TW or IN yield most accurate results 
for ducks . However, the similarities with previously reported results 
suggest that further research into the applicability of TW for on-farm 
duck welfare assessment is warranted .

Key Words: on-farm welfare assessment, Pekin duck, transect walks, 
individual sampling

258   Effect of bird density and bedding source on heavy turkey 
hens: Growth efficiency and litter composition. R . Michael 
Hulet*1, Lisa Kitto1, Sally Noll3, Darrin Karcher2, and Marisa Eras-
mus2, 1Pennsylvania State University, University Park, PA, 2Purdue 
University, West Lafayette, IN, 3University of Minnesota, St Paul, 
MN.

Turkey production efficiency and well-being are thought to come into 
conflict when bird density is studied. Studies have been sparse look-
ing at variations in densities for heavy hens reared to market weight . 
Another factor that is affected by bird density is litter characteristics . 
Litter moisture and available nitrogen can be affected by bedding source . 
Therefore, a study (3X2 factorial; significant difference at P < 0 .05) 
looking at 3 different bird densities (4 .2, 5 .3, and 7 .1 birds/square meter, 
LOW, MEDIUM, and HIGH, respectively) on either pine shavings (PS) 
or Giant Miscanthus grass (MG) bedding was conducted . Hybrid poults 

(1056) were placed into either PS or MG bedding pens (8 .18 m2) with 
35, 44, or 58 birds/pen . Birds were weighed at 0, 14, 28, 42, 56, 84, 
and 98 d of age and growth efficiency data (body weight, feed intake, 
and feed conversion) were collected . Litter samples were sampled in 
the pen at 0, 42, and 98 d of age. No significant interactions were found 
between bird density and litter source . Hens placed at LOW bird density 
had significantly greater body weight (10.76 kg) over hens placed at 
HIGH bird density (10 .04 kg) . Birds placed at MEDIUM bird density 
were not significantly different in body weight (10.43 kg) than the other 
2 densities . Bird density showed no differences in feed intake, but pens 
with LOW density had significantly lower feed conversion (1.86) than 
the hens placed at HIGH bird density (1 .98) . Again the hens placed at 
MEDIIUM density did not differ in feed conversion (1 .91) when com-
pared with the other hen densities . No differences in body weight gain, 
feed intake, feed conversion nor mortality were found between SP and 
MG litter sources . However, HIGH density did have greater ammonium 
content of litter at 42 d and moisture content at 98 d than pens with LOW 
bird density . In summary, MG litter was equal in bird performance and 
litter composition to PG Litter . Birds reared at a LOW bird density had 
better performance than the hens reared on HIGH bird density, but no 
difference than hen reared under commercial MEDIUM bird density . 
This project was supported by Agriculture and Food Research Initiative 
Competitive Grant no . 2016-67015-24457 from the USDA National 
Institute of Food and Agriculture .
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259   Effect of bird density and bedding source on heavy turkey 
hens: Behavior. Marisa Erasmus*2, Kailynn VanDeWater2, Darrin 
Karcher2, Sally Noll3, and R . Michael Hulet1, 1Penn State University, 
University Park, PA, 2Purdue University, West Lafayette, IN, 3Univer-
sity of Minnesota, St Paul, MN.

Environmental and management factors, such as the type of litter sub-
strate, can interact with stocking density to influence turkey behavior and 
welfare . Few studies have examined the effects of stocking density and 
litter type on turkeys reared to market . This study examined the effects 
of 3 stocking densities and 2 litter types on the behavior of commercial 
turkey hens . In a 3 × 2 factorial design, hens were housed in groups of 
35 (4 .2 birds/m2, LOW), 44 (5 .3 birds/m2, MED) and 58 birds/pen (7 .1 
birds/m2, HIGH) and on either pine shavings (PS) or giant Miscanthus 
grass (MG) (n = 4 pens/treatment) . Behavior of turkeys in each pen was 
video-recorded from 9:00–9:15 a .m . and 3:00–3:15 p .m . on one day at 
13 and 14 wk of age (2 d total) . From video recordings, 5 focal birds/
pen were randomly chosen and the duration and occurrences of behavior 
(sitting, standing, walking, eating, drinking, feather pecking, preening, 
and number of disturbances) were determined . Results were analyzed 
using PROC GLIMMIX (SAS 9 .4) . Turkeys housed on MG spent less 
time sitting (137 .8 ± 28 .2 s, P = 0 .008) and less time walking (83 .0 ± 
6 .1 s, P = 0 .04) vs . turkeys housed on PS (sitting: 154 .8 ± 31 .0; walking: 
102 .1 ± 7 .3) . Turkeys housed on MG also stood (21 .9 ± 1 .6, P = 0 .004) 
and walked (11 .1 ± 0 .9, P = 0 .004) less often vs . turkeys housed on PS 
(stood: 27 .5 ± 1 .6; walked: 15 .1 ± 1 .5) . Turkeys at the HIGH density 
stood (21 .3 ± 1 .5; P = 0 .009) and walked (9 .4 ± 0 .7; P < 0 .0001) less 
often than turkeys at the LOW density (stood: 28 .5 ± 1 .9; walked: 17 .1 
± 1 .6) . Stocking density affected both preening duration (LOW: 91 .7 
± 10 .6 s vs . HIGH: 63 .8 ± 10 .7 s, P = 0 .047) and number of preening 
observations (LOW: 4 .5 ± 0 .4; HIGH: 3 .2 ± 0 .4; P = 0 .03) . Turkeys 
housed at the HIGH density (2 .4 ± 0 .36, P = 0 .03) also experienced a 
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greater number of disturbances vs . turkeys housed at the LOW density 
(1 .34 ± 0 .24) . Apart from the number of walking observations (MED: 
12 .2 ± 0 .9 vs . LOW: 17 .1 ± 1 .6, P = 0 .03), behavior did not differ 
between LOW and MED or between MED and HIGH . Results indicate 
that turkeys on MG were less active compared with turkeys on PS . The 
highest stocking density resulted in reduced preening behavior and more 
instances of birds being disturbed by others in the pen, which may be 
detrimental to turkey welfare . This project was supported by Agriculture 
and Food Research Initiative Competitive Grant no . 2016–67015–24457 
from the USDA National Institute of Food and Agriculture .
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260   Effect of on-farm hatching of broiler chickens on wel-
fare and performance. Ingrid de Jong*1, Sofie Cardinaels2, Henk 
Gunnink1, Kris De Baere2, Ine Kempen2, Johan Zoons2, Theo van 
Hattum1, and Lotte van de Ven3, 1Wageningen Livestock Research, 
Wageningen, the Netherlands, 2Experimental Poultry Centre, Geel, 
Belgium, 3Vencomatic, Eersel, the Netherlands.

Farms are increasingly using on-farm hatching systems for broilers . 
Farmers report improved performance and health in on-farm hatched 
broilers as compared with broilers hatched at the hatchery . On-farm 
hatched chickens have immediate access to feed and water which might 
improve growth and stimulate gut development . We aimed to study 
whether on-farm hatching indeed positively affects broiler performance 
and welfare . Broiler chickens (Ross 308 as hatched) arrived from the 
hatchery and experienced standard hatchery procedures and transport 
(Control, C) or eggs (similar parent stock) were transported to the 
experimental farm at d18 of incubation and broilers hatched on-farm 
(F; using the X-treck system; Vencomatic, the Netherlands) . Chickens 
were housed in pens in climate controlled rooms (±1150 chickens/pen); 
each room consisted of one C and one F pen . Per production cycle 4 
rooms were used and 3 cycles were included in the study (n = 12 pens/
treatment) . Analysis of Variance or mixed models were used to test for 
treatment effects; production cycle and age were included in the model . 
F broilers were heavier as compared with C broilers from d0 up till 
slaughter (d0 41 .3 vs . 47 .1 g, sed 0 .93, P < 0 .001; d39: 2792 vs 2729 g, 
sed 21 .1, P < 0 .05) . First week and total mortality did not differ between 
F and C . FCR1500 g was lower for F than for C broilers (1 .038 vs 1 .069, 
sed 0 .01, P < 0 .05) but total FCR did not differ . Litter dry matter% was 
higher in F than in C pens (62 vs 60% (sed 0 .78) for wk 1–5, P < 0 .05) . 
F broilers had numerically better dropping scores than C broilers (0 .56 
vs 0 .61, sed 0 .15, P = 0 .11) . F broilers had less footpad dermatitis at 
d21 and d35 (backtransformed scores: d21 0 .05 vs 0 .08; d35 0 .48 vs 
1 .01; P < 0 .001) and less hock burn at d35 (back-transformed scores: 
0 .65 vs . 0 .92, P < 0 .05) . Gait scores at d21 and d35 were equal for F 
and C broilers . Dissections at d28 and d39 showed no differences in 
dysbacteriosis and coccidiosis scores . Measures of (relative) length of 
gut segments between 1 and 5 wks of age, and villi height, crypt depth 
and v/c ratio in jejunum at d8, d14 and d21 did not indicate consistent 
treatment differences .This experiment showed that on-farm hatching 
improved aspects of broiler welfare and resulted in a higher body weight 
up till slaughter age . It is likely that early feeding plays an important 
role in these effects, although we could not find consistent differences 
in gut development between on-farm and hatchery-hatched chickens .

Key Words: on-farm hatching, broiler, welfare, performance, gut 
development

261   An intra-lab evaluation of performance in testing tonic 
immobility in broilers. Diego Martinez*1, Elizabeth Cisneros2, 

Cristian Uculmana1, Erick Villegas2, Jorge Tay2, Fabiola Caqui2, 
Ruth Yupanqui2, and Carlos Vilchez2, 1LIAN Development & Service, 
Lima, Peru, 2La Molina National Agrarian University, Lima, Peru.

The experiment was carried out to determine the precision of a trained 
team in testing tonic immobility time (TIT) in broilers . 240 male Cobb 
500 chicks raised from 1 to 42 d were subjected to a Completely Ran-
domized Design under a 2 × 2 × 6 factorial arrangement of treatments . 
Factors were: 2 dietary protein contents, SPR (standard) and LPR (low), 
2 litter materials, NOLM (no material) and RHLM (rice husk litter), 
and 6 trained technicians, 3 men (YC, YT, YE) and 3 women (XL, XF, 
XK) . Each of the 24 treatments had 10 replications with the bird as 
the experimental unit. At d 42, each bird was placed face up on a flat 
surface, restrained for 20 s (s) while standing close and making eye-to-
eye contact . TIT was recorded as the time elapsed until the bird righted 
itself being 600 s the maximum time allowed . Procedure restarted up 
to 2 times if it was ≤ 10 s. TIT values were natural log-transformed to 
achieve normality . Variances were analyzed using the GLM procedure 
of SAS software and average differences were compared using t-tests 
by the LSMEANS option of GLM . The averages presented herein are 
the natural log-transformed LSMEANS TIT values. No significant main 
effects were found by technician on TIT (YC = 4 .756 vs . YT = 4 .596, 
YE = 4 .841, XL = 4 .876, XF = 4 .618, XK = 4 .632) (P > 0 .40) nor litter 
material (NOLM = 4 .723 vs . RHLM = 4 .715) (P > 0 .90); however, a 
lower TIT was seen in low protein diets (LPR = 4 .605 vs . SPR = 4 .835) 
(P < 0 .03) . No interaction effects were found between technician and 
litter material (P > 0 .17), litter material and diet (P > 0 .88) or among 
these 3 factors (P > 0 .51) . No difference was found between male and 
female technicians (P > 0.20). Coefficients of variation were low and 
similar among technicians (YC = 17 .31%, YT = 15 .95%, YE = 16 .56%, 
XL = 18.85%, XF = 14.19%, XK = 16.80%). The average coefficient of 
variation of transformed TIT (16 .91%) was lower than untransformed 
TIT (88 .93%) . In this regard, when data is not normally distributed 
non-parametric tests can be applied; however, this result indicates that 
log-transformation to achieve normality also reduced variability, which 
increases statistical power and test sensitivity . In conclusion, the evalu-
ated team of technicians produced TIT values precise enough to detect 
differences due to one of the factors measured in the experiment but 
without differences among technicians . Natural log-transforming TIT 
values may be useful not only to achieve normality but also to reduce 
variability and improve statistical power .

Key Words: tonic immobility, variability, sensitivity, precision, stress

262   Effect of methionine restriction and intestinal challenge on 
tonic immobility in broilers. Diego Martinez*1, Elizabeth Cisneros2, 
Cristian Uculmana1, Erick Villegas2, Jorge Tay2, Fabiola Caqui2, 
Ruth Yupanqui2, and Carlos Vilchez2, 1LIAN Development & Service, 
Lima, Peru, 2La Molina National Agrarian Unviersity, Lima, Peru.

To determine the effect of growth rate and sanitary rearing conditions 
on tonic immobility (TI) as stress indicator, 240 male Cobb 500 broiler 
chicks were placed from 1 to 42 d in 40 cages (9 .9 birds/m2) and assigned 
to one of 4 treatments from a 2 × 2 factorial arrangement of treatments 
with 2 diets (standard diet, STD, according to genetic line nutritional 
guidelines, and methionine restricted diet, MRD, with 40% lower digest-
ible methionine) at 2 challenge levels (no challenge, NCH, or intestinal 
challenge, ICH) . Challenged birds were raised on rice husk litter and 
at d 21 were orally gavaged with 3 mL of an orally mixed inoculum of 
Eimeria spp. (≥29 × 105 live oocysts/bird) equivalent to 12× the dose of 
a commercial vaccine (Immucox for Chicken II) . Body weight (BW), 
body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR), 
European efficiency index (EEI), carcass yield (CY), breast yield (BY), 
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feather relative weight (FW) and TI were evaluated at the end of the 
study . A clinical evaluation of intestinal mucosa was also performed on a 
sample of birds at the end of the study to determine macroscopic coccidia 
damage . Data were analyzed using a Completely Randomized Design 
with a 2 × 2 factorial arrangement of treatments and 10 replicates each . 
TI values (seconds) were natural log-transformed to achieve normality . 
GLM procedure of SAS was used to analyze variances and average 
values obtained in each variable were correlated with TI by the CORR 
procedure of SAS . No interaction effect between diet and challenge 
was found in any evaluated variable (P > 0 .05) . ICH produced lower 
BW, BWG, FI, EEI (P < 0 .01), higher FCR (P < 0 .04) but showed no 
effect on CY, BY, FW, TI (P > 0 .40) . No visible lesions were found in 
the intestinal mucosa . MRD produced lower BW, BWG, EEI, TI and 
higher FCR (0 .01), but no effects on FI, CY, BY, FW were found (P > 
0.09). In addition, positive correlation coefficients to TI were found for 
BW (0 .32, P = 0 .0310) and CY (0 .33, P = 0 .0274); however, no other 
response variable was significantly correlated with TI (P > 0 .05) . In 
conclusion, severe methionine restriction led to slower-growing birds 
and lower production efficiency but also lower TI; in contrast, ICH 
reduced productive efficiency but did not affect TI. Even though the 
ICH was mild, it was consistent enough to reduce efficiency; however, 
it was not enough to increase TI .

Key Words: tonic immobility, intestinal challenge, growth rate, 
methionine restriction, stress

263   Assessing the welfare impact of on-farm euthanasia 
methods on broilers. Bethany Baker*2, Stephanie Torrey1, Tina Wid-
owski1, Patricia Turner1, Susantha Gomis2, Henry Classen2, Jenny 
Fricke2, Tennille Knezacek2, and Karen Schwean-Lardner2, 1Univer-
sity of Guelph, Guelph, ON, Canada, 2University of Saskatchewan, 
Saskatoon, SK, Canada.

This study used behavioral reflexes and pathology to assess the ability 
of 3 euthanasia methods to produce insensibility and death in broilers . 
The methods, cervical dislocation (manual (MCD) or mechanical with 
Koechner Euthanasia Device (KED)) with n = 30 for each of 7, 21 or 35d, 
and Zephyr EXL, a non-penetrative captive bolt (Z; n = 30 for 21/35d) 
were tested. Cull birds were obtained from 5 commercial farms. Efficacy 
at inducing insensibility and death was measured by time until loss of 
reflexes post-euthanasia; palpebral blink (PB), nictitating membrane 
(NM), pupillary light (PL), cloacal winking (CW) and convulsions 
(CVN) . Damage was assessed by scoring pathology; skin tears, separa-
tion distance between vertebrae with cervical dislocation (SEP), spinal 
cord transection, subcutaneous hemorrhaging (hem) on dorsal surface 
of head, subdural hem, skull fracture, severity and number of vertebral 
fractures (VF). Reflex data were analyzed as a RCBD (block = farm) 
using Proc Mixed, and score data were log-transformed and analyzed 
as an assumed Poisson distribution in a CRD (SAS 9.4). Significance 
was considered at P ≤ 0.05. Indicators of insensibility showed a treat-
ment effect with loss of PL and PB occurring fastest in Z, then MCD 
and lastly KED, at 7, 21 and 35d . Time until loss of NM was shortest 
with Z usage, then MCD and KED at 21 and 35d . Euthanasia method 
also affected indicators of death . Time until CW end was shortest with 
use of MCD, then KED or Z at 7, 21 and 35d . Length of CVN was 
shortest in MCD, then Z or KED at 7 and 21d . Skin tears were lower 
with MCD (3%, 3%) than Z (22%, 63%) or KED (46%, 53%) at 21 
and 35d respectively . For 21 and 35d, skull fracture, subdural and 
subcutaneous hem scores were highest with Z use, then MCD or KED . 
MCD had 98% of spinal cords transected and KED had 81% . SEP was 
higher with use of MCD vs . KED at 7 (2 .97, 1 .03), 21 (2 .97, 1 .40) and 
35d (3 .00, 1 .27) . At 7, 21 and 35d the VF severity was highest with use 

of the KED (1 .93, 2 .03, 1 .83) then MCD (1 .17, 1 .10, 1 .00) or Z (0, 0 
for 21 and 35d respectively) . The KED resulted in the highest number 
of VF at 21 and 35d . The results indicate that the Z induces insensibil-
ity fastest . MCD is the fastest at inducing death, while the KED took 
longest to induce insensibility and death, and had the highest scores for 
severity and number of VF .

Key Words: culling, cervical dislocation, death, insensibility

264   Effect of ventilation shut down (VSD) on changes in heat 
shock protein 70 and blood chemistry throughout depopulation. 
Kenneth Anderson*, James Petitte, Kimberly Livignston, Sanjay 
Shah, Michael Martin, Krista Eberle, and Ramon Malheiros, North 
Carolina State University, Raleigh, NC.

The 2015 highly pathogenic avian influenza (HPAI) outbreak highlighted 
the limitations of depopulation methods such as CO2 kill carts, CO2 
infusion, and firefighting foam to asphyxiate the flock. The objective 
of this study was to examine the humane aspects and effectiveness 
of ventilation shut down (VSD) for depopulating laying hens in cage 
systems by measuring stress physiology via heat shock protein 70 
(HSP70) and blood chemistry (BC) . Four individual treatment/observa-
tion chambers were set up identically for VSD, VSD + Heat, and VSD 
+ CO2 treatments . For each treatment, 2 trials were conducted . The 
sampling sequence was time-based, derived from the established time 
of death (TOD) from a previous study; therefore, hens were sampled 
at time 0 to establish the baseline for HSP70 and BC, then hens were 
sampled at 1/4, 1/2, and 3/4 point of the duration to TOD and as close 
as possible to TOD . The total hens sampled were 30 (5 per treatment) . 
At each sampling point, the hen was removed from the chamber, blood 
was collected for blood chemistry analysis within 60 s, euthanasia 
was performed via cervical dislocation, and brain tissue was collected 
for HSP70 analysis . Blood chemistry was analyzed using the i-STAT 
diagnostic system . The relative expression of HSP70 mRNA in total 
brain samples was measured using RT-PCR and reported as HSP70/18S . 
HSP70 data were transformed (HSP70/18S)-1 and analyzed using a one-
way ANOVA . The mean comparisons for all pairs used Tukey-Kramer 
HSD Confidence Quantile (q* = 3.76082; α = 0.05). The blood chemistry 
was analyzed using GLM with means separated using Students-T Test . 
Relative expression of HSP70 decreased in the VSD and VSD + Heat 
environments from time 0 to TOD; however, the highest levels were 
observed with in VSD + Heat and VSD + CO2 treatments . Blood PO2 
at 18 .9 mmHg and Glucose 250 .3 mg/dL was higher in the VSD+CO2 
than the VSD treatment . The HSP70 and BC differences may have been 
related to the speed to TOD than in the other methods . The hen’s similar 
physiological responses to VSD, VSD+Heat, or VSD + CO2 methods 
other than the duration of the processes appear to indicate no definitive 
differences . This would indicate equivalency between the methods as 
being humane poultry flock depopulation methods.

Key Words: depopulation, ventilation shut down, heat shock protein, 
blood chemistry

265   High and low feather-pecking lines of laying hens differ in 
their physiological responses to social stress. Patrick Birkl*1, Peter 
McBride1, Joergen Kjaer3, Paul Forsythe2, and Alexandra Harlander1, 
1University of Guelph, Guelph, ON, Canada, 2McMaster University, 
Hamilton, ON, Canada, 3Friedrich-Loeffler Institute, Celle, Germany.

When an unfamiliar hen encounters a stable social group of conspecif-
ics, behavioral and physiological changes may follow . To test whether 
for genetic differences in response to social stress, 2 lines selected for 
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high (HFP) or low (LFP) feather-pecking activity and an unselected 
control line (C) were used . We predicted that HFP birds will display 
more changes in their growth rates; alterations in amino acid ratios 
indicative of a stress response (phenylalanine: tyrosine, PHE: TYR); 
and more abnormal behavior (feather pecking) in response to social 
stress . One hundred sixty laying hens were housed in mixed groups of 
16 individuals (HFP, n = 4;LFP, n = 3;C, n = 9;10 pens in total) in floor 
pens . We disturbed the social order within 5 pens of birds at 16 weeks 
of age by mixing individuals with unfamiliar birds to simulate social 
stress (to intensify the simulated social stress, we performed the mixing 
again after 2 d) . Groups were mixed by assigning the 16 individuals 
into 4 sub-groups of 4 . Each sub-group was then transferred into a new 
pen, wherein they encountered 3 other sub-groups for the first time. 
Body weight was measured before mixing and 3 weeks after the second 
mixing, to assess weight-gain . Blood plasma was collected one day 
before mixing and 2 d after the second round of mixing and was used 
to determine amino acid concentrations for calculating PHE/TYR ratios . 
Aggressive pecking and feather pecking were recorded on an all occur-
rence basis, before mixing (baseline), 2 min after mixing, one hour after 
mixing, and 24 h after mixing, during 10-min observation periods per 
pen and time point . Data were analyzed using a GLIMMIX procedure 
in SAS. We identified that PHE/TYR ratios were different between all 
3 lines (HFP:0 .75 ± 0 .01 vs LFP:0 .62 ± 0 .01 vs C:0 .65 ± 0 .01) . In HFP 
birds, PHE/TYR ratios were affected by the social stress treatment, 
and stressed HFP birds had significantly lower PHE/TYR ratios than 
unstressed birds (HFP unmixed:0 .75 ± 0 .02 vs HFP mixed:0 .70 ± 0 .02, 
P < 0 .02) . In the short term, social stress did not affect feather pecking, 
however, weight-gain showed increased variability in stressed groups 
in comparison to control groups (mixed: 15 .1% ± 0 .9 vs unmixed: 4 .9% 
± 0 .9, P < 0 .001) . Our results showed that HFP birds responded more 
sensitively to social stress than LFP or C birds . Also, altered growth of 
individuals within stressed groups demonstrated a measurable physi-
ological consequence of social stress .

Key Words: social stress, feather pecking, laying hen

266   Effects of infrared beak treatment on early pullet behav-
ior, pecking force, and beak length. Sarah Struthers*, Henry 
Classen, Susantha Gomis, and Karen Schwean-Lardner, University of 
Saskatchewan, Saskatoon, SK.

The effects of infrared beak treatment (IRBT) on behavior, pecking force 
(PF) and beak length were examined using Lohmann LSL-Lite (LW) 
and Brown (LB) pullets. IRBT settings were adjusted to create specific 
beak shapes: shovel (SHV) (top much shorter than bottom), step (ST) 
(intermediate differentiation), standard (STAN) (small differentiation) 
and a sham (C) untreated control . Treatments (trt) were arranged in a 
4 × 2 factorial design, in a completely randomized design . Birds (n = 
160) were housed in cages (8 reps per IRBT and 16 reps per strain) . 
Photographs of 10 beaks per IRBT × strain were taken at 0 and 4wk for 
beak length calculation . PF was tested at 1, 2, 3, and 4wk using 4 birds 
per IRBT × strain . Ten birds per IRBT × strain were video recorded from 
9 to 23d for 8h per day, then behavior analyzed using scan sampling 
at 15-min intervals . Mortality was recorded daily . Data were analyzed 
using Proc Mixed (SAS 9 .4), with Tukey’s test to separate means . Dif-
ferences were significant when P ≤ 0.05. IRBT did not alter the force 
with which a bird could peck or mortality. C birds spent significantly 
more time at the feeder than ST and STAN birds at 9, 11, 13, and 15d . 
C birds spent less time at the drinker than ST birds at 9, 11, and 17d . At 
9d, C birds spent less time standing than STAN birds (26 vs . 32% of 
time) . IRBT did not affect other behaviors . Differences in bottom beak 
length were significant at 4 wk with C birds having longer beaks than 

SHV, ST, and STAN birds (10 > 9 > 8 > 7mm). Strain had a significant 
effect on drinking at 13, 19, and 21d, with LW spending more time at 
the drinker than LB . Strain had an effect on standing, with LW stand-
ing less than LB at 9d (29 vs . 34% of time) and at 19d (35 vs . 37% of 
time) . Mortality from 0 to 4wk was higher for LW compared with LB 
(3 vs . 0 .3% of birds placed) . An interaction was seen between trt and 
strain on PF at 4wk . For STAN trt, LB pecked with more force than 
LW . An interaction was seen for standing at 11 and 21d . At 11d, LW C 
trt stood less than other trt . At 21d, LW SHV trt stood more often than 
C trt . Overall, the results suggest that IRBT does not negatively impact 
PF and is effective at shortening beak length . The results also suggest 
that IRBT may alter behavior slightly in early life, with treated birds 
spending more time at the drinker or standing, and less time at the feeder .

Key Words: Lohmann, shovel beak, mortality, activity

267   The unforeseen consequences of a “bad hair day” in laying 
hens. Irene Campderrich, Guiomar Liste, and Inma Estevez*, Neiker-
Tecnalia, Vitoria-Gasteiz, Alava, Spain.

Genetic selection and management practices are designed to promote 
laying hen performance and flock homogeneity. However, injuries, 
disease, feather pecking, or delay in egg laying can alter the phenotypic 
appearance of some individuals . These birds may attract a higher level 
of aggressive interactions, sometimes with fatal consequences . The 
present study assessed the effects of the artificial manipulation of phe-
notypic appearance (PA) in groups of adult Hy-line Brown laying hens 
reared at 3 different group sizes (GS: 10, 20 or 40; 8 birds/m2) . PA was 
altered in a proportion of birds (0, 30, 50, 70 or 100% in each GS) at 
1 d old by applying black dye to feathers at the back of the head . This 
treatment resulted in homogeneous groups (100U, 100M) in which all 
group-members had the same PA, marked (M) or unmarked (U), and 
heterogeneous groups (30M/70U, 50M/50U, 70M/30U) where the 2 
phenotypes (M and U) coexisted in the same pen at different propor-
tions . The groups remained unchanged until 33 weeks of age (T0) . 
Homogeneous groups were then sequentially altered by progressively 
marking or un-marking 30, 50 or 70% of hens at 34 (T1), 38 (T2) and 
44 (T3) weeks of age . Aggressive interactions in altered groups at T1, 
T2, and T3 were compared with those observed in heterogeneous groups 
that remained unchanged from d 1 and were used as controls . No dif-
ferences were detected across PA and GS treatments for T0 (P > 0 .05) . 
However, when PA was sequentially altered in homogeneous groups 
(100M and 100U) at T1, T2 and T3, recently altered groups presented 
higher aggression rates than their controls (P < 0 .05, all cases) . Aggres-
sion decreased as the proportion of altered birds increased (from 30% to 
70%) . No effects of GS were found except at T3, were GS 40 presented 
higher aggression rates than GS 10 (P < 0 .05) . Aggressive interactions 
in altered groups were directed from unaltered toward recently altered 
birds, irrespective of their original PA . This directionality was observed 
at T1 and T2 but disappeared at T3 when aggression levels diminished 
considerably . These results show that a sudden change in PA can seri-
ously alter group dynamics, leaving altered birds exposed to aggressive 
attacks even when in small groups, where the assumption of a stable 
social system and hence low aggression is presumed .

Key Words: laying hen, phenotypic appearance, aggressive interac-
tions, group size, social dynamics

268   Do laying hens avoid dirty scratch pads in enriched cages? 
Bishwo Pokharel*, Luxan Jeyachanthiran, Ilka Boecker, and Alexan-
dra Harlander, University of Guelph, Guelph, ON, Canada.
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Enriched cages for laying hens provide scratch pads for foraging on 
the wire mesh floor. Not only do birds forage on scratch pads, they 
also defecate on these pads causing them to become dirty . How a bird 
perceives a dirty scratch pad and what this means to them from their 
point of view has never been tested . The aim of the present study was 
to determine the relative preference for clean or dirty scratch pads of 
laying hens . In our study, a total of 288 laying hens were housed in 16 
enriched cages (18 hens per cage), with each cage having 2 identical 
compartments joined by a pop hole to allow free movement of hens 
between compartments . On a daily basis, half of the scratch pads [piece 
of artificial turf] (1 in each compartment, which accounted for approxi-
mately 14% of the total cage surface) was removed and cleaned, while 
the other half was cleaned and then covered with 550 g of conspecific 
feces . Clean (C) and dirty (D) pads were then put back into the cages 
in a random order, avoiding side bias . Feed as litter substrate (~5 g per 
delivery per scratch mat per hour) was delivered automatically onto the 
scratch pads by a spiral conveyor pipe . After identifying the time when 
hens were most active using video recordings (mid-day), the number 
of visits and the total time spent scratching/foraging on C and D pads 
were video recorded for 10 min/day, 3 times a week, over a period of 
4 weeks . The observation period started when the feed was delivered 
on each scratch pad . Laying hens showed a relative preference for D 
scratch pads . Birds visited more frequently (P < 0 .01) and spent more 
time foraging on the D than on the C scratch pads . Interestingly, laying 
hens did not avoid dirty (D) scratch pads . Scratching/foraging on D 
scratch pads to get feed required more effort to obtain the feed and might 
explain why laying hens kept in enriched cages clearly showed a rela-
tive preference for foraging on scratch pads where feed was delivered 
on top of the feces (D pads) .

Key Words: cleanliness, foraging, preference, laying hen, scratch 
pads

269   Keel bone damage: The role of behavior and impacts 
experienced at the keel. Maja Makagon*3, Sydney Baker3, Cara 
Robison1, Darrin Karcher2, and Michael Toscano4, 1Michigan State 
University, East Lansing, MI, 2Purdue University, West Lafayette, 
IN, 3University of California, Davis, Davis, CA, 4Research Centre for 
Proper Housing: Poultry and Rabbits (ZTHZ), Division of Animal 
Welfare, VPH Institute, University of Bern, Bern, Switzerland.

In addition to raising animal welfare concerns, keel bone damage (KBD) 
in laying hens can increase hen mortality, and decrease egg quality, and 
carcass value . We aimed to determine the causes of KBD - fractures 
and deviations - in laying hens housed in enriched colony systems . We 
evaluated 1) the impact energy experienced at the hens’ keels as they 
navigate their environment, 2) behaviors and cage locations associated 
with these impacts, and 3) how impacts and behaviors relate to KBD 
development . Data collection focused on 10 of 60 Hy-line W-36 hens 
housed in each of 12 environmentally enriched cages (4 rooms of 3 
cages) . Changes in keel bone integrity was evaluated for each of the 
120 focal hens from CT scans taken at the start and end of 2 3-week 
data collection periods (4 scans per hen) . The impacts sustained at the 
hens’ keels were evaluated using tri-axial accelerometers; behavior was 
transcribed from video recordings made continuously over the course 
of the study . In total, 14,516 impacts were recorded . Of these, 52 .37% 
had summed accelerations under 20G, 22 .27% between 20 and 40G, 
9 .3% 40–60G, 4 .94% 60–80G, 3 .03% 80–100G, and 7 .99% > 100G . 
Video recordings were matched with 7,887 impacts . The majority 
of impacts under 20G were linked with maintenance behavior (e .g ., 
grooming), unlikely to cause major KBD . Collisions accounted for 

80 .22% of impacts with summed accelerations over 20G . Aggressive 
interactions among hens, scattering behavior, grooming and wing flap-
ping accounted for 10 .48%, 3 .20%, 3 .06% and 2 .48% of impacts over 
20G, respectively . Hens collided with the perches (74 .35%), the wire 
floor (11.44%), other hens (6.92%), support beams (4.14%), the feeder 
(2 .09%) and cage walls (1 .06%) . Collisions were most often the result 
of hens trying to navigate onto a perch, or being pushed by a cage mate . 
Binary logistic regressions (R, v .3 .3 .2) were used to determine the rela-
tionships between keel bone damage, number of collisions, and number 
of impacts < 20G experienced at the keel . No relationships were found, 
though statistical trends were found between the number of collisions 
a hen experienced and the incidence of keel bone fractures (P = 0 .061) 
as well as the incidence of overall damage (P = 0 .054) . We conclude 
that issues pertaining to perch navigation are a key risk factor for keel 
bone damage, particularly the development of fractures, sustained by 
laying hens housed in enriched colony cage systems .

Key Words: keel bone, accelerometer, laying hen, behavior, welfare

270   Two-dimensional space use by 4 genetic strains of laying 
hens in an aviary system. Ahmed Ali*1, Elizabeth Riddle1, Dana 
Campbell2, and Janice Siegford1, 1Michigan State University, East 
Lansing, MI, 2Armidale, NSW, Armidale, New South Wales, Australia.

The laying hen industry is implementing aviary systems intended to 
improve welfare by providing hens with more space and resources 
to perform species-specific behaviors. However, knowing how much 
space hens need to perform the various behaviors encouraged by aviary 
resources is necessary before determining stocking densities for new 
housing systems . To date, limited research has examined spatial require-
ments of laying hens for performing key behaviors or differences in space 
use between laying hen strains, and none has been conducted within 
an alternative housing system . This study investigated the amount of 
space used by 4 strains of laying hens (Hy-Line Brown [HB], Bovans 
Brown [BB], DeKalb White [DW], and Hy-Line W36) to perform 5 dif-
ferent behaviors in the litter area of a commercial-style aviary . Ceiling-
mounted video cameras recorded hens standing [S], lying [L], perching 
[P], wing flapping [WF], and dust bathing [DB] on the open-litter area 
that included an outer perch, from 12:00 to 14:00 at peak lay (28wk) . 
For each behavior, 16 hens per strain (4 hens/unit × 4 units/strain) . Still 
images were captured from video footage, digitized, and analyzed using 
ImageJ software . Maximum hen length and width were measured with 
ImageJ and used to calculate total area per hen for each behavior . For 
DB and WF, several measurements were taken throughout the behavior 
but only maximum hen length and width were used . Space use (area) 
was compared among strains for each behavior using ANOVA in R 
3 .3 .1 . HB and BB hens required more space for S, P, and L than DW 
and W36 (P ≤ 0.05), while DW and W36 used more space during WF 
and DB than HB and BB (P ≤ 0.05). On average, brown hens required 
100cm2 more space for S and 87 cm2 more space for L compared with 
white hens . Whereas, on average white hens required 796 cm2 more 
space for WF, and 190cm2 more for DB than brown hens . Hens of all 
strains were, on average, wider while perching than the commonly used 
standard of 15cm (DW: 18 .3; HB: 22 .2 cm), and brown hens required 
3 .7cm more perch space than white hens . Overall, brown hens weighed 
more (HB: 2 .0, BB: 1 .9, DW: 1 .6, W36: 1 .5 kg) and physically occupied 
more space in static postures P, S, and L . However, white hens used 
more space to perform dynamic behaviors WF and DB . Differences in 
space requirements between brown and white hens should be considered 
during the planning and stocking of laying hen facilities .

Key Words: laying hen, welfare, behavior, space, strain
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271   The effects of replacing methionine hydroxy-analogue 
calcium salt with 65% dl-methionine on growth performance 
and carcass quality of broilers from 21 to 42 days of age. Emanu-
ele Goes*2, Maria Aparecida Iuspa3, Victor Naranjo1, Leopoldo 
Almeida2, Adhemar Oliveira1, and Alex Maiorka2, 1Evonik Nutri-
tion & Care, Hanau-Wolfgang, Germany, 2Universidade Federal 
do Paraná, Curitiba, Brazil, 3Evonik Nutrtion & Care, São Paulo, 
Brazil.

The objective of this study was to determine the effect of replacing MHA 
calcium salt 84% (MHA-Ca) with 65 parts of dl-methionine 99% (DLM) 
on growth performance and carcass parameters of broilers from 21 to 
42 d of age . A total of 2,376 male Cobb 500 broilers were distributed 
in a completely randomized design with 11 treatments and 9 replicates 
of 24 birds each . Corn-SBM based diets were used and dietary treat-
ments were shared in 2 phases feeding: grower (from d 21 to 35) and 
withdrawal (from d 36 to 42) . The dietary treatments included a negative 
control deficient in Met+Cys (without supplementation of methionine) 
and 5 supplemental levels of MHA-Ca . The levels of MHA-Ca were 
determined by first formulating a diet with MHA-Ca to meet the 100% 
of the commercial Met+Cys requirement . Upon then, MHA-Ca levels 
were set at 25, 50, and 125% of the MHA-Ca supplemental level used 
in the 100% diet . Diets formulated with DLM were obtained by replac-
ing MHA-Ca with 65% DLM on product basis for each supplemental 
level . Thus, a ratio of 65:100 of DLM: MHA-Ca was maintained in all 
treatment pairings (25, 50, 100, and 125%) for both feeding phases . 
Body weight gain (BWG), feed intake (FI) and feed conversion ratio 
(FCR) were evaluated for grower and withdrawal phases . On d 42, 2 
birds per experimental unit were euthanized by cervical dislocation and 
carcass yield (CY), breast meat yield (BMY) and abdominal fat were 
recorded . Overall (21 to 42 d), broilers fed the negative control diet had 
lower BWG (P < 0 .01) and increased FCR (P < 0 .01) compared with 
broilers fed the methionine supplemented diets . Replacing 100 parts of 
MHA-Ca with 65 parts of DLM did not affect BWG, FI, or FCR . CY 
and BMY were significantly lower (P < 0 .05) in broilers fed the nega-
tive control compared with broilers fed the methionine supplemented 
diets . Overall, the calculated bioavailability of MHA-Ca in relation to 
DL-Met was 65% for BWG (P < 0 .01), 67% for FCR (P < 0 .01), 53% 
for CY (P < 0 .01), and 55% for BMY (P < 0 .01) . Based on this study 
it can be concluded that diets deficient in Met+Cys negatively affect 
growth performance and carcass yields of broilers . Replacing 100 parts 
of MHA-Ca with 65 parts of DLM did not affect growth performance 
and carcass parameters of broilers from 21 to 42 d of age .

Key Words: bioavailability, methionine hydroxy analogue, broilers, 
dl-methionine, poultry nutrition

272   Bioavailability of methionine hydroxy analog relative to 
dl-methionine in broilers during the starter and grower phases. 
Alice Eiko Murakami1, Adhemar Rodrigues de Oliveira Neto2, Iván 
Camilo Ospina-Rojas*1, Victor Naranjo3, and Nei Andre Arruda 
Barbosa2, 1Universidade Estadual de Maringá, Maringá, Paraná, 
Brazil, 2Evonik Industries, São Paulo, Brazil, 3Evonik Nutrition & 
Care, Hanau-Wolfgang, Germany.

Two experiments were conducted to determine the relative bioavail-
ability (RBA) of dl-methionine hydroxy analog-calcium salt (MHA-Ca) 
compared with dl-methionine (DLM) during the starter (1 to 21 d, trial 
1) and grower (22 to 42 d, trial 2) phases, independently . A total of 1,848 
and 1,694 Cobb 500 male broiler chickens were used in trials 1 and 2, 

respectively which were distributed in a completely randomized design 
with 11 treatments with 7 replicate pens of 24 or 22 birds each . Dietary 
treatments included a basal diet deficient in standardized ileal digestible 
(SID) Met+Cys and 5 graded levels of each methionine source . In trial 
1, MHA-Ca inclusion levels ranged from 0 .114 to 0 .570% and in trial 
2 from 0 .095 to 0 .476% . Supplemental levels of DLM were at 65% of 
the MHA-Ca level (DLM:MHA-Ca ratio of 65:100) on product basis . A 
nonlinear exponential model was used to estimate the RBA of MHA-Ca 
in relation to DLM using the nonlinear regression models (NLIN) pro-
cedure of SAS . Supplemental methionine sources improved (P < 0 .05) 
body weight gain (BWG) and feed conversion ratio (FCR) compared 
with broilers fed the basal diet in both feeding periods . Increasing levels 
of methionine sources resulted in a linear increase (P < 0 .05) in breast 
meat yield (BMY) from d 22 to 42 . The respective asymptotic responses 
demonstrated an improvement of 34% for BWG and 13% for FCR 
from d 1 to 21 due to supplementation of methionine sources; and an 
improvement of 16, 18, and 9% for BWG, FCR, and BMY of broilers 
from d 21 to 42 . The RBA of MHA-Ca compared with DLM was 66 and 
57% for BWG and FCR, respectively during the starter phase and 65, 
61, and 63% for BWG, FCR, and BMY, respectively, during the grower 
phase . Overall, considering all parameters evaluated, the average RBA 
of MHA-Ca compared with DLM was 62 and 63% on product basis for 
broiler chickens from d 1 to 21 and d 21 to 42 post-hatch, respectively .

Key Words: bioavailability, broiler, methionine hydroxy analog, 
dl-methionine

273   Digestible valine requirements in practical diets for Ross 
308 broiler chicks in growing period. Arash Hassanzadeh Seyedi* 
and Hossein Janmohammadi, University of Tabriz, Tabriz, East 
Azarbijan, Iran.

The aim of this experiment was to estimate the digestible valine require-
ment of male Ross 308 broiler chicks . To evaluate valine requirement 
of male broiler chicks based on growth performance, 450 male broiler 
chicks from 8 to 21 days of age, was assigned to 6 treatments with 5 
replicate using a completely randomized design . Corn-soybean meal-
based diet was formulated (19% CP, 3000 kcal of ME/kg) to provide the 
all nutrient except valine base on Brazilian table for poultry and swine 
(2011) . Dietary valine was supplied in 6 levels from 0 .74 to 0 .99% for 
the experimental period with successive additions of 0 .05% of l-valine . 
As supplementation of l-valineincreased, corresponding decreases in 
l-glutamic acid from the basal level provided isonitrogenous feeds . In 
the experimental period weight gain, feed intake, feed conversion ratio, 
feed efficiency ratio and valine consumption content were recorded. 
Result of this study showed that the quadratic broken line model were 
used for determine of digestible valine requirement for Ross 308 male 
broiler chicks is the well fitted base on weight gain and feed conversion 
ratio, and Evaluated digestible valine content for these performance 
parameters were 0 .93 and 0 .91% of diet, respectively . The result of 
this experiment showed that the all performance parameters were 
significantly affected by the valine supplementation in basal diet (P < 
0 .01) . With due attention to statistical model and evaluated performance 
parameters for requirements, clearly differences were observed between 
result of this experiment for valine requirement in grower period of Ross 
308 broiler chicks and other data sources .

Key Words: broiler, broken line, l-glutamic acid, l-valine, weight 
gain
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274   Effect of different ratios of valine and iso-leucine to lysine 
on growth performance, blood biochemistry and carcass char-
acteristics in broilers. Zafar Hayat*1, Gulbeena Saleem2, Aneeza 
Hafeez1, Abd Rehman1, Zafar Ullah1, and Muhammad Arif1, 1Univer-
sity of Sargodha, Sargodha, Pakistan, Sargodha, Pakistan, 2Univer-
sity of Veterinary and Animal Sciences, Lahore, Pakistan.

Valine (Val) and isoleucine (Ile) having some similarities are considered 
as 4th co-limiting amino acids in broiler nutrition . However, data on the 
effects of different ratios of Val and Ile to Lys in broiler diets is scanty 
and inconsistent . The objective of this research was to determine effect 
of different dietary ratios of digestible valine- and isoleucine to digestible 
Lysine on growth performance, carcass characteristics, and biochemi-
cal parameters of broilers . A total of 720 day-old Cobb500 chicks were 
randomly distributed to 72 replicate pens . Each of 9 dietary treatments 
(3 × 3 factorial arrangements) was fed to 8 replicates of 10 chicks each 
for 1- 35 d of age. Starter, grower and finisher diets were fed from 1 to 
10, 11–22 and 23–35 d of age, respectively . Results revealed that body 
weight (BW) of broilers fed diets having different ratios of dig Val-to-Lys 
varied significantly (P < 0 .05) . BW was higher (1570 g) when Val-to-Lys 
ratio was 81, 82, 83 in starter, grower and finisher phase, respectively, 
compared with lower ratios of Val-to-Lys . However, increasing ratios of 
dig Ile-to-Lys and interaction between Val- and Ile- did not influence (P 
> 0 .05) BW of birds . Dressing percentage, breast meat, organs weight 
(liver, heart, gizzard), skin and feather weight and cooking losses were 
not affected (P > 0 .05) by increasing ratios of dig Val- and Ile-to-Lys 
and their interaction except intestinal length and meat tenderness which 
were increased (P < 0 .05) by increment in dig Val-to-Lys ratio . Insulin-
like growth factor I (IGF-1) was not affected due to change in ratios of 
dig Val- and Ile- to-Lys (P > 0 .05), however, interaction of Val to Lys 
and Ile to Lys influenced (P < 0 .05) these values . Serum creatinine was 
influenced (P < 0 .05) by varying dig Ile-to-Lys but not at dig Val-to-Lys 
and their interaction. The AST values were influenced by dig Val-to-
Lys but ALT remained similar (P > 0 .05) across all dietary treatments . 
Serum uric acid increased (P > 0 .05) by increasing dig Ile-to-Lys ratio 
but was remained same (P > 0 .05) at different ratio of Val-to-Lys and 
Val-to Ile interaction . Based on the results of present study, it may be 
concluded that increasing digestible Valine to digestible Lysine ratios 
in broiler diets improve body weight of broilers . Thus Val to Lys ratio 
greater than the current recommendations may be beneficial to achieve 
better weight gain in broilers .

Key Words: valine, isoleucine, broiler

275   Dietary tryptophan requirement of laying hens fed corn-
soybean meal diets. William Lambert*1, Aude Simongiovanni1, Eti-
enne Corrent1, and Jaap van Milgen2, 1Ajinomoto Eurolysine S.A.S, 
Paris, France, 2INRA UMR Pegase, Saint Gilles, France.

Reducing crude protein (CP) levels in layer feeds to improve economic 
and nutrient efficiency can only be achieved if the essential amino acid 
requirement levels are covered to ensure maximal laying performance . 
Tryptophan (Trp) is a potentially limiting amino acid in low CP layer 
diets, especially in corn-based diets . Determination of the Trp require-
ment by meta-analysis was undertaken based on published dose-response 
trials to l-Trp supplementation . Twelve publications including 20 trials 
were considered in this database . Dietary energy, CP and amino acid 
levels were recalculated based on the INRA tables . Trials originated 
mostly from US and Brazil using corn-soybean meal diets . Most trials 
were conducted after the peak of production between 40 and 70 weeks 
of age . The method of selection of the trials was adapted from van 
Milgen et al . (2012) who evaluated the growth response to l-isoleucine 
supplementation in pigs . In the present study, if performance did not 

present a linear or quadratic effect (P > 0 .10), trials were not selected . 
In total, 16 trials were considered further for response modeling . A 
curvilinear-plateau model allowed estimating the Trp requirements for 
laying rate, egg mass, and gain-to-feed ratio . Two units of expressing the 
Trp requirement were chosen: standardized digestible (SD) Trp:Lys and 
intake of SD Trp per gram of egg mass . Requirements were estimated 
to be 23 .9, 25 .0, and 25 .4% SD Trp:Lys, or 2 .95, 2 .79, and 3 .36 mg 
SD Trp / g egg mass for laying rate, egg mass, and gain-to-feed ratio, 
respectively . Besides required for egg protein, Trp has been shown to 
promote the anti-oxidant and immune response activity in laying hens 
and contributes to a stronger eggshell . Based on this study, practical 
recommendations of the Trp requirement are 24% SD Trp:Lys or 3 .1 
mg SD Trp / g egg mass .

Key Words: tryptophan, requirement, meta-analysis, laying hen

276   Optimum dietary level of digestible threonine for growing 
broilers determined by economic approach. Matheus Reis*, Nilva 
Sakomura, Juliano Cesar Dorigam, and Daniella Donato, Unesp, 
Jaboticabal, São Paulo, Brazil.

In the literature, there are many techniques proposed to estimate the 
requirement of amino acids for broiler chickens . However, the level of 
amino acid that estimates the maximum response is not always the most 
economically viable . For poultry industry, is so important to maximize 
the performance of the bird as the economic return, but not all studies 
present an economic evaluation as a criterion in choosing the best level . 
The objective of this study was to estimate the optimum digestible 
threonine level in diets for growing broilers based on economic analy-
sis of the gross margins over feed costs . One dose-response assay was 
conducted, divided into initial (1–14 d), grower (15–28 d) and finisher 
(29–42 d) phases . Five hundred and 60 male Cobb 500 broilers were 
distributed in a completely randomized design consisting of 7 dietary 
levels of threonine, with 4 replicates and 20 birds per experimental 
unit . The diets were formulated by dilution technique resulting in the 
experimental threonine levels ranging from 0 .150% to 0 .999%, 0 .130% 
to 0.889% and 0.120% to 0.819% in initial, grower and finisher phases, 
respectively . The broilers and feeds were weighed at the beginning 
and the ending of each phase to determine body weight gain and feed 
intake. The performance data were used to fit a segmented model as 
follows: y = α + βx + γx2, if x < x0; y = c, if x ≥ x0. Where α, β and γ 
are the coefficients of the quadratic segment, and c is the plateau of the 
function . Gross income (GI), total feed costs (TFC) and gross margin 
(GM) were calculated based in local costs to determine the optimum 
economic level for each amino acid (AA) . At each phase, the optimum 
AA level was considered as one to provide the highest GM, which 
coincides with the plateau obtained for GI and TFC . Varying the AA 
prices affected the respective economic optimum intake of threonine 
only slightly. Thus, considering the price of L-threonine as U$ 3.00/kg, 
the optimum threonine intakes to optimize GM were 236, 696, and 1042 
mg/d in starter, grower and finisher phases, respectively.

Key Words: amino acid, requirement, broken line, optimum eco-
nomic, threonine

277   Effect of different levels of l-isoleucine on production per-
formance, serum biochemistry and ileal digestibility of proteins 
in laying hens (LSL-LITE). Yasir Allah Ditta*2, Sana Ullah2, Saima 
Naveed2, Talat Naseer Pasha2, Athar Mahmud1, and Usman Liaqat2, 
1University of Veterinary and Animal Sciences, Lahore, Punjab, Paki-
stan, 2Univesity of Veterinary and Animal Sciences, Pattoki, Punjab, 
Pakistan.
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An experiment was conducted to determine the effect of different levels 
of isoleucine on the egg production, egg quality, serum biochemistry 
and ileal digestibility of crude proteins in laying hens (LSL-LITE strain) 
from 23rd to 30th weeks of age in a commercial layer farm . A total 
number of 490 laying hens were randomly categorized into 7 dietary 
treatment groups; each included 7 replicates with 10 hens per replicate . 
The experimental diet was supplemented with different levels of isoleu-
cine i .e ., 0 .66, 0 .69, 0 .72, 0 .75, 0 .78, 0 .81, and 0 .84% of feed with 2730 
kcal / kg Metabolizable energy . The control group was formulated with 
0 .66% isoleucine form the feed ingredients . The egg production data 
were statistically analyzed using repeated measure ANOVA by PROC 
GLM . The serum biochemistry parameters were statistically analyzed 
using one way ANOVA by PROC GLM. Significant effect of isoleucine 
levels, age and their interaction (levels × age) were observed for feed 
intake, body weight gain, egg production and FCR / dozen linearly . 
The isoleucine levels showed nonlinear effects on Haugh units of egg . 
Moreover, the different levels of isoleucine showed quadratic effect on 
egg weight with age . Serum glucose, total serum and globulin showed 
significant effect of different levels linearly. The study shows that 
synthetic isoleucine can be supplemented for significant effect on egg 
production, egg production and egg quality parameters .

Key Words: Haugh unit, isoleucine, ileal digestibility, laying hen

278   Determination of optimum dietary glycine and serine 
concentrations for broilers fed low protein diets with varying 
standardized ileal digestible threonine levels. Paschal Aguihe*2, 
Alice Murakami1, Iván Camilo Ospina-Rojas1, Claudia Tamehiro3, 
and Eustace Iyayi2, 1Universidade Estadual de Maringá, Mar-
ingá, Parana, Brazil, 2University of Ibadan, Ibadan, Ibadan, Oyo, 
Nigeria, 3Universidade Estadual do Norte do Paraná, Campus Luiz 
Meneghel, Bandeirantes, Brazil.

A 21 d experiment was carried out to determine the optimum dietary 
glycine and serine (Gly+Ser) concentration in combination of varying 
levels of the standardized ileal digestible (SID) threonine (Thr) in low 
protein diets on performance, serum biochemistry and pectoral muscle 
creatine in broilers during the starter period . A total of 1,275 1-d-old 
Cobb-Vantress male broiler chicks were distributed in a completely 
randomized design of 5 × 3 factorial arrangement of 15 treatments with 5 
replicate pens of 17 birds each . The diets consisted of 5 dietary levels of 
total Gly+Ser (1 .72, 1 .87, 2 .02, 2 .17, and 2 .32%) in combination with 3 
varying concentrations of SID Thr (0 .69, 0 .81 and 0 .93%, corresponding 
to 85, 100 and 115% of the required dig Thr respectively) . All diets were 
corn-soybean based and formulated to contain 1 .24% standardized ileal 
digestible Lys and to meet or exceed the requirement of all nutrients 
except SID Thr levels . Experimental diets and clean water were provided 
ad libitum to the broilers from 1 to 21 d of age . All data were analyzed 
using the GLM procedure of SAS software . Interactions (P < 0 .05) were 
observed for feed: gain ratio, serum uric acid (SUA), and ammonia 
concentrations . Feed:gain ratio decreased linearly (P < 0 .05) in response 
to increasing Gly+Ser levels for 0 .69% and 0 .81% SID Thr diets while 
diet containing 0 .93% Thr improved quadratically (P < 0 .05) with an 
optimization point achieved at 2 .0% Gly+Ser level . A decreasing linear 
effect (P < 0 .05) of Gly+Ser was observed for SUA concentrations on 
diets with 0 .69% SID Thr and serum ammonia concentration on diets 
containing 0 .69 and 0 .93% SID Thr levels . Main effect of increasing 
Gly+Ser levels in the diets of the birds responded quadratically (P < 
0 .05) on average daily gain, feed:gain ratio and pectoral muscle creatine 
with optimization points at 2 .16, 2 .14 and 2 .16%, respectively while no 
effects (P > 0 .05) were observed on serum metabolites . Birds fed diets 
containing 0 .81% SID Thr recorded lower (P < 0 .05) average daily feed 

intake with improved feed:gain ratio than those on 0 .69 and 0 .93% SID 
Thr diets . A similar pattern was recorded between the birds fed 0 .81 and 
0 .93% SID Thr diets having lower (P < 0 .05) concentrations of serum 
uric acid and ammonia than the group on 0 .69% SID Thr diet . Results 
showed that the minimum level of Gly+Ser to optimize performance, 
muscle creatine and serum metaboities in low CP diet with varying 
levels of SID Thr was 2 .0% for broilers up to 21 d of age .

Key Words: glycine+serine, threonine, performance, serum bio-
chemistry, broiler

279   Effects of guanidinoacetic acid supplementation on car-
cass and cut up yields and meat quality on broilers fed diets with 
or without poultry by-products meal up to 56 d. Hernan Cordova-
Noboa*1, Edgar Oviedo-Rondón1, Albaraa Sarsour1, Deben Sapcota6, 
Damian Lopez4, Leticia Gross5, Meike Rademacher-Heilshorn3, 
and Ulrike Braun2, 1North Carolina State University, Raleigh, 
NC, 2AlzChem AG, Trostberg, Bavaria, Germany, 3Evonik Nutrition 
& Care GmbH, Hanau-Wolfgang, Germany, 4Universidad de las 
Fuerzas Armadas ESPE, Quito, Ecuador, 5Universidade Federal Do 
Rio Grande Do Sul, Rio Grande Do Sul, Brazil, 6Assam Agricultural 
University, Guwahati, India.

Guanidinoacetic acid (GAA) supplementation has been reported to 
improve carcass yield and spare arginine in corn-based diets . This 
response may vary when including animal by products . This experi-
ment was conducted to evaluate the effects of GAA supplementation 
in broilers fed corn-based diets with or without the inclusion of poultry 
by-products (PBP) on carcass and cut up yields, and meat quality of 
broilers raised up to 56 d . Treatments consisted of corn-based diets 
with or without inclusion of PBP (0 vs . 5%), supplemented or not with 
GAA (600 g/ton) as CreAMINO (min . 96% GAA) . A total of 1,280 
Ross 708 male chicks were randomly placed in 64 floor pens with 16 
replicates per treatment combination . At 55 d, individual and group BW 
were recorded and average for each pen was calculated . Four broilers 
per pen were selected for processing . At 56 d, chickens were weighed, 
electrically stunned, and killed by exsanguination . Chickens were then 
scalded, picked, and manually eviscerated . Carcass and cut up weights 
were obtained after removal of organs and viscera . Carcass and cut up 
yields were calculated as percentages of live body weight and carcass 
weight, respectively . After processing breast meat was obtained to ana-
lyze drip and cook loss, shear force, and pH 6 and 24 h post-slaughter . 
Data were analyzed as a randomized complete block design from a 2 
× 2 factorial arrangement of treatments with PBP inclusion and GAA 
supplementation as main effects . An interaction effect of treatments (P 
< 0 .05) was observed on breast meat yield . Differences were detected 
in chickens that were fed diets containing PBP only . Broilers fed diets 
containing PBP and GAA had greater (P < 0 .05) breast meat yield than 
chickens fed non-supplemented diets (38 .68 vs . 38 .09%) . An interaction 
(P < 0 .05) effect was observed on cook loss . In broilers fed diets without 
GAA, the cook loss was lower when diets contained PBP compared 
with broilers fed diets without PBP inclusion (16 .76 vs . 19 .95%) . Drip 
loss, pH, and shear force were not affected (P > 0 .05) either by GAA or 
PBP inclusion . In conclusion, GAA supplementation improved breast 
meat yield only in diets containing PBP, but did not consistently affect 
meat quality .

Key Words: guanidinoacetic acid, poultry by-products, carcass and 
cut up, yields, meat quality

280   In vivo collagen and sarcoplasmic protein synthesis in 
pectoralis major at d-16 birds as determined by isotope flooding 
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technique. Pramir Maharjan*, Michael Schlumbohm, Garret Mul-
lenix, Katie Hilton, Antonio Beitia, Maria Cortes, Judith England, 
Casey Owens, and Craig Coon, University of Arkansas, Fayetteville, 
AR.

Commercial broiler strains are reported to have increased incidence 
of the woody breast myopathy that results in replacement of muscle 
specific proteins with highly cross-linked collagen with the progres-
sion of age . A study was conducted to understand the rate of collagen 
and sarcoplasmic protein (CP and SP) synthesis occurring at d-16 male 
broiler chickens fed with Cobb standard starter diet, using stable isotope 
flooding method. On d-16, birds (n = 12) were infused with 1-13C Proline 
(20 atom percent excess) as tracer amino acid at the rate of 10 mL/kg 
BW . Blood (n = 3 birds) and breast tissue samples (n = 3 birds) were 
collected post infusion at 30, 60, 90 and 120 m . Three non-infused birds 
(Control) were also sacrificed for blood and tissue samples to know the 
13C baseline enrichment and were later DEXA scanned to characterize 
body composition of bird being studied for protein synthesis . SP and 
CP fractions were isolated from the collected tissue samples . Both the 
protein fractions separated were then acid hydrolyzed (0 .1 M HCl) for 
24h . Amino acids released were extracted with ion chromatography 
and then derivatized with tert-butyldimethyl silyl (t-BDMS) before 
the samples were read in GC-MS . Plasma was separated from blood 
samples, and free amino acids from blood were isolated and similarly 
derivatized with t-BDMS before it was run in GC-MS . The isotopic 
enrichment, 13C to 12C ratio for derivatized proline was measured using 
the ratio of fragments 287 to 286 generated from GC-MS . Fractional 
synthetic rates (FSR) for the protein fractions were calculated using the 
standard precursor–product equation: FSR (%h-1) = ΔEp/A * 1/t * 100, 
where ΔEp is the change in enrichment between baseline tissue sample 
and tissue sample taken at time‘t’ post infusion of tracer, and A is the 
area under the curve derived from the decay in plasma enrichment over 
time‘t’ . DEXA results for birds showed the average lean mass of 359 g, 
protein mass of 63 .39 g, fat mass of 17 .55 g, and mineral content of 7 .44 
g . The FSR determined for SP was 0 .0973 ± 0 .0021% h−1, whereas for 
CP it was 0 .4068 ± 0 .1174% h−1, higher (P < 0 .05) than SP . The results 
indicate the possible higher in vivo collagen synthesis rate occurring in 
growing bird, provided the substrate is available .

Key Words: collagen, sarcoplasm, fractional synthetic rate, broiler

281   Metabolizable energy and standardized amino acid 
digestibility of soybean meals with protease supplementation in 

diets for broilers chickens. Felipe Santos Dalólio1, Diego Silva1, 
Vitor Fascina3, José Otávio Sorbara2, Rafael Gustavo Hermes3, Levy 
Teixeira*3, and Luis Albino1, 1Federal University of Viçosa, Viçosa, 
Brazil, 2DSM Nutritional Products, Basel, Switzerland, 3DSM Nutri-
tional Products, São Paulo, Brazil.

Two trials were carried out to determine the energy values and the 
standard amino acid digestibility of 10 different soybean meals (SBM) 
in Brazil, without or with the addition of a protease (15,000 PROT/kg 
of feed, RONOZYME ProAct, DSM Nutritional Products). In the first 
experiment, to determine the energy values, a total of 756 male broilers 
chicks 14-d-old were weighed and randomly assigned in 10 × 2 facto-
rial arrangement with 10 SBM samples without or with the addition of 
protease, totaling 20 treatments, with 6 replicates of 6 birds each . Total 
excreta were collected from 19 to 23d to determine AME and AMEn . 
In the second experiment, 756 male broilers 24-d-old were randomly 
allocated in 10 × 2 factorial arrangement, with 10 SBM, without or with 
the addition of protease, totaling 20 treatments with 6 replicates of 6 
birds each . Acid insoluble ash (Celite) at 1% was added as an indigestible 
marker to determine the amino acid digestibility . At 28 d of age, all birds 
were euthanized by cervical dislocation to collect ileal content . Data 
were submitted to ANOVA, and means were compared by Tukey’s test 
(P < 0 .05) . Overall, the protease enhanced values of AME and AMEn 
compared with those without addition, providing an average of 98 and 
103 kcal/kg, which are 3 .9 and 4 .5% more energy in the SBM samples 
evaluated in this study, respectively . It indicates better utilization of 
crude protein from the SBM, providing greater amount of amino acids 
available for protein metabolism and other nutrients . The different SBM 
sources differs among them in the amino acid digestibility (P < 0 .05) . 
The sample number 5 of SBM with or without protease supplementa-
tion showed higher Lys, Met, Thr, Val digestibility when compared 
with other SBM . Supplementation with protease led to improvements 
in the standard amino acid digestibility (P < 0 .05) . Protease increases 
+4 .86% Lys, +1 .31% Met, +6 .42% Thr, +3 .28% Val in the limiting amino 
acids compared with diets without protease . In conclusion, protease 
supplementation improves AME, AMEn and the standard amino acids 
digestibility on different SBMs . It provides poultry nutritionists with 
an important tool to improve feed digestibility, reduce environmental 
pollution by nitrogen and lower feed costs, thus allowing more adjust-
ability in diet formulation .

Key Words: enzyme, monocomponent, AMEn, vegetal protein, 
poultry
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282   True P digestibility of corn, SBM and corn-soybean meal 
without and with phytase in broilers. Roger Davin*1, Colwayne 
Morris2, Fenglan Yan1, Megharaja Manangi1, David Ledoux2, and 
Mercedes Vazquez1, 1Novus International Inc., Saint Charles, 
MO, 2University of Missouri, Columbia, MO.

The objective of the current study was to evaluate the true ileal P 
digestibility (TIPD) of corn, SBM, and corn soy based diet (C-SBM) 
as affected by phytase supplementation using a regression approach in 
broilers . A total of 800 Ross 308 male broiler chicks were fed a complete 
common corn-SBM-based diet from d 1 to d 15 . From d 15 to 23, birds 
were fed 18 experimental diets . Three inclusion rates were provided for 
corn (22, 46 and 72%), SBM (40, 51 and 62%) and C-SBM (21/10, 42/21 
and 63/31% of a combination of corn/SBM) supplemented without or 
with 500 U of phytase/kg diet (Cibenza Phytaverse, Novus International, 
Inc ., St Charles, MO) . Corn diets contained 0 .7% Na-phosphate and all 
diets had a Ca:P ratio between 1 .3 and 1 .5:1 following WPSA (2013) 
guidelines . C-SBM diets contained 0 .91% dicalcium phosphate to mimic 
commercial diets . Each treatment had 8 replicate cages (5 birds/cage) . 
Digesta from the posterior 2/3rd of the ileum was collected on d 23 . 
Data were analyzed by 2-way ANOVA to evaluate the effect of ingredi-
ent level, phytase and their interaction, and by orthogonal polynomial 
contrasts to test the linear and quadratic effects of ingredient level . 
TIPD estimates were obtained by regressing P output against dietary 
P content . TIPD estimate of SBM (52 .0%) is more reasonable than the 
extremely low values obtained for corn (−7.2%) and C-SBM (5.6%). 
Corn and C-SBM contained inorganic P, whereas SBM diets contained 
no inorganic P . Phytase improved TIPD in corn (+38 points, to 60 .4%; 
P < 0 .01) and C-SBM (+14 points, to 19 .5%; P = 0 .02), however it did 
not in SBM (+7 points, to 59 .9%; P = 0 .55) . Apparent ileal P digestibility 
(AIPD) tended to decrease linearly (P < 0 .08) as corn and SBM levels 
increased, and increased when phytase was supplemented. A significant 
ingredient level × phytase interaction was found for AIPD in corn-SBM 
(P < 0 .01) . Phytase improved AIPD at all ingredient levels, however the 
response of ingredient level in diets without phytase (low, med, high: 
76 .2b, 54 .7d, 45 .7e%) was quadratic and linear for diets with phytase 
(low, med, high: 88 .1a, 76 .7b, 60 .0c%) . In summary, TIPD estimates for 
SBM and for corn and C-SBM obtained by regression are lower than 
AIPD and far from reality possibly due to the use of fixed Ca:P ratio and 
of inorganic P in corn and C-SBM diets. Phytase efficiently improved 
TIPD and AIPD in corn and C-SBM, and AIPD in SBM .

Key Words: corn, soybean meal, phytase, digestibility, phosphorus

283   Protein sources determine intestinal protein digestion 
dynamics and the characteristics of the ileal undigested protein 
fraction. Dervan Bryan*, Dawn Abbott, and Henry Classen, Univer-
sity of Saskatchewan, Saskatoon, SK, Canada.

It has been theorized that protein digestion dynamics and the extent to 
which proteins are digested at the distal ileum can predispose broilers 
to enteric disease . Therefore, the objective of this study was to evalu-
ate the apparent protein digestion in the jejunum and ileum of broiler 
chickens as well as the amount and solubility of indigestible protein 
present in the distal ileum for 8 protein meals . The trial was completely 
randomized with 8 semi-purified diets composed of wheat starch with 
either corn distillers dried grains with solubles (CDDGS), corn gluten 
meal (CGM), meat and bone meal (M&B), soybean meal (SBM), fish 
meal (FM), porcine meal (PC), canola meal (CM) or feather meal (FE) . 

Determined diet protein levels ranged from approximately 21–22% . 
At 14 d of age, 288 Ross 308 male broilers were randomly assigned to 
48 battery cages and fed the test diets until d 21 . At trial end, protein 
digestibility was determined at proximal and distal sections (PJ, DJ, PI 
and DI) of the jejunum and ileum, and the amount of total and soluble 
(extracted with 0 .9% NaCl saline) protein were determined in DI content . 
Differences were considered significant when P ≤ 0.05. Protein source 
affected the level of protein digestibility in all small intestine sections 
studied and the ranking changed as digesta passed to the DI . Protein 
digestibility of the meals ranged from 17 to 43, 26 to 53, 26 to 68 and 48 
to 83% in the PJ, DJ, PI and DI, respectively . The results demonstrated 
differences in the degree of digestibility as well as location of diges-
tion among protein sources . For example, in the PJ, FE, CGM and FM 
had the lowest CP digestibility while SBM, CDDGS and M&B were 
the most digestible . At the DI, CGM CP digestibility was greater than 
all protein sources followed by SBM and FM, while FE was the least 
digested . The dry matter content in the DI ranged from 200 to 6768 mg 
with a portion of this variation attributed to feed intake (R2 = 0 .55) . In 
turn, the total and soluble CP in the distal ileal contents ranged from 
54 to 1466 and 6 to 347 mg, respectively . In conclusion, dietary protein 
source influences the digestion dynamics along the small intestine of 
broilers and the amount and solubility of the undigested protein in the 
distal ileum. These parameters may influence protein fermentation and 
the impact of protein sources on gut health .

Key Words: undigested protein, protein digestion dynamics, chicken, 
plant and animal protein

284   Effect of dietary amylose/amylopectin ratio on gut mucosa 
amino acid metabolism in broiler chicken. Dafei Yin*, Zhao Lei, 
Xiaonan Yin, Liqun Wang, Xiaoyu Dong, Zhibin Xiao, and Jianmin 
Yuan, China Agricultural University, Beijing, China.

There is growing interest in carbohydrate and protein nutrition to 
enhance the efficiency of animal production. Lower protein level reduces 
environmental pollution and feeding cost, but it is a challenge to maintain 
growth performance with lower dietary protein . The object of the study 
was to investigate the influence of the ratio of amylose/amylopectin 
in diet on amino acid metabolism and growth performance of broiler . 
The study comprised a 3 × 2 factorial array of treatments with 3 ratio 
of amylase/amylopectin which was 0 .1, 0 .2, 0 .4 and 2 protein levels 
(21%vs19%;19%vs17%) which were conducted in broiler chickens 
from 7 to 37 d . Dietary starch with the amylose/amylopectin ratio of 0 .1, 
0 .2 and 0 .4 were treated as rapidly, intermediately and slowly digest-
ible starch respectively . The effect of dietary on growth performance, 
starch digestibility, postprandial blood glucose level, free amino acid 
content in portal, cell proliferation in intestine, ATP content and Na+-
K+-ATPase activities in intestine and key enzyme activities of TCA 
and transaminease activities in mucosa were determined . The results 
showed that, in the grower phase, there was a trend to have an interaction 
between starch digestion and protein level on growth performance (P 
< 0 .1) . Slowly digestible starch resulted in higher ADG (P < 0 .05) and 
lower FCR (P < 0 .1) in both protein levels . Rapidly digestible starch 
significantly (P < 0 .05) increased the starch digestibility and AME in 
ileum and postprandial serum glucose in 20 d old broiler chickens . 
Slowly digestible starch with low protein diet treatment significantly 
(P < 0 .05) increased Lys and Met in portal . Rapidly digestible starch 
significantly (P < 0 .05) increased glutamate oxaloacetate transaminase 
activity in ileum mucosa for 37 d old broiler chickens . Slowly digestible 
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starch significantly (P < 0 .05) decreased the number of BrdU labeled 
cells in jejunum and ileum . Moreover, slowly digestible starch resulted 
in higher ATP level and Na+-K+-ATPase activity in ileum (P < 0 .05) . 
With the increasing of starch digestion, citrate synthase activity in 
jejunum and ileum mucosa decreased significantly (P < 0 .05), rapidly 
digestible starch decreased the activity of pyruvate dehydrogenase and 
a-ketoglutaric dehydrogenase in jejunum significantly (P < 0 .05) . In 
conclusion, the high ratio of amylase/amylopectin in low protein diet 
improved the performance of broiler, decreased the catabolism of amino 
acid in intestine and supplied more energy to mucosa .

Key Words: starch, amino acid, intestinal mucosa, energy metabo-
lism, broiler

285   A novel organic Se compound exerts unique regulations of 
Se speciation, selenogenome, and selenoproteins in broiler chicks. 
L . Zhao*2, L . H . Sun2, J . Q . Huang3, D . S . Qi2, Mickael Briens1, and 
Xingen Lei4, 1Adisseo France S.A.S, Commentry, France, 2Huazhong 
Agricultural University, Wuhan, China, 3China Agricultural Univer-
sity, Beijing, China, 4Cornell University, Ithaca, NY.

Previous research demonstrated a higher Se bioavailability to chicks 
from 2-hydroxy-4-methylselenobutanoic acid (SeO) than from Na2SeO3 
(SeNa) or seleno-yeast (SeY) . This study was to compare Se speciation 
and deposition, expression of selenogenome and selenoproteins, and 
antioxidant status in tissues of chicks fed the 3 sources of Se . Day-old 
male broilers (n = 6 cages/diet, 6 chicks/cage) were fed a Se deficient, 
corn/soy-based diet (BD, 0 .05 mg Se/kg) or the BD added with SeNa, 
SeY or SeO at 0 .2 mg Se/kg for 6 wk . While SeO led to the highest (P 
< 0 .05) concentrations of total Se in pectoral and thigh muscles among 
the 4 diet groups, both SeO and SeY produced (P < 0 .05) higher seleno-
methionine concentrations in the liver and pectoral muscle than SeNa . 
Compared with SeY or SeNa, SeO exhibited similar effects on growth 
performance and all redox status measures in plasma and tissues except 
for 20–37% elevation (P < 0 .05) of muscle thioredoxin reductase activi-
ties at wk 3 . Only SeO upregulated (62–98%, P < 0 .05) the expression 
of Selenos and Mrsb1 in the liver and thigh muscle over the BD group 
at wk 3 . Furthermore, SeO enhanced (P < 0 .05) the expression of Gpx3, 
GPX4, SELENOU, and SELENOP over the SeNa group by 26–207% 
and the expression of Selenop, SepSecS, GPX4, and SELENOP over the 
SeY group by 23–55% in various tissues at wk 3 and 6 . In conclusion, 
SeO illustrated a unique ability to enrich selenomethionine and total Se, 
to induce the expression of Selenos and Mrsb1 mRNA, and to enhance 
the production of GPX4 and SELENOP proteins in the tissues of chicks .

Key Words: chick, gene, selenium, selenoprotein, speciation

286   Effects of dietary calcium and energy source on perfor-
mance, nitrogen corrected apparent metabolizable energy, and 
body composition of broiler chickens. Nathaniel Barrett*, Brittany 
Singh, Meredith Lewis, and Michael Persia, Virginia Tech, Blacks-
burg, VA.

Previous experiments have suggested that dietary Ca (DCa) can interact 
with supplemental oils and fats, forming indigestible soaps and reducing 
energy digestibility from poultry diets . Corn oil (CO) extraction from 
DDGS has increased the amount of CO available for animal consumption 
resulting in a need to better understand its feeding value in the presence 
of DCa . Two experiments were performed to determine the effects of 
DCa on performance, AMEn, and body composition of broiler chickens 
fed CO or soy oil (SO) over a 28-d period. The first experiment (E1) was 

a 2 × 2 factorial (0 .9 and 2 .0% Ca v . CO and SO) with 200 d-old broilers 
grouped in 10 replicate cages of 5 birds for the 4 dietary treatments . 
The second experiment (E2) was designed to determine the AMEn of 
CO and SO in either the 0 .9 or 2 .0% Ca diets using slope regression 
of 0, 3, 6, or 9% oil diets, with performance data analyzed as a 2 × 7 
factorial with DCa and dietary oil as the main effects . This experiment 
utilized 420 day-old broilers grouped in 9 replicate cages of 5 birds . All 
data were analyzed using ANOVA and a Fisher’s LSD test to separate 
means . There were no interactions between DCa and oil during either 
experiment, therefore only main effects will be discussed . In E1, DCa 
or oil source had no significant effects on performance. Interestingly, 
there was a reduction of total fat mass (FM) in the birds fed 2 .0% Ca 
in comparison to the 0 .9% Ca fed birds (P ≤ 0.05). In E2 oil concentra-
tion or source had no effect on performance, but as expected, FM was 
increased with increasing dietary oil (P ≤ 0.01). In E2, the birds fed 
2 .0% Ca resulted in reduced body weight compared with the 0 .9% Ca 
fed birds (P ≤ 0.01). As in E1, increased DCa resulted in reduced FM 
(P ≤ 0.01), regardless of oil source. In conclusion, higher DCa resulted 
in reduced body fat storage, suggesting a possible interference with fat 
digestion and/or efficiency of energy utilization from the diet, regardless 
of supplemental fat source . These results suggest that CO can be used 
in either lower Ca chick diets or higher Ca layer diets and do support 
the idea that body composition can be an effective measure of energy 
status of the growing chicken .

Key Words: chicken, calcium, corn oil, performance, fat mass

287   Effect of rate and extent of starch digestion on turkey pro-
duction parameters. Eugenia Herwig*, Michael Kautzman, Dawn 
Abbott, Karen Schwean-Lardner, and Henry Classen, University of 
Saskatchewan, Saskatoon, SK, Canada.

While it is known that inclusion of low levels of slowly digested starch 
(SDS) positively affects broiler performance, resulting in better feed 
efficiency, heavier breast muscle and lighter fat pads, its effects on 
turkeys are still unknown. Similar to the findings in broilers, it was 
hypothesized that the inclusion of SDS would have a positive effect on 
turkey performance. Two semi-purified starch sources with differing in 
vitro digestibility (wheat, rapidly digested starch, RDS; pea, SDS) were 
used to make 4 diets with equal starch amounts but differing RDS/SDS 
ratios: 100/0, 85/15, 70/30, and 55/45 . Diets were fed to 640 Hybrid 
Converter turkey hens housed in 20 litter floor pens (3 × 3m) from 0 
to 77d . Body weight and feed intake was recorded every 3 weeks, and 
mortality daily . Partial meat yield analysis was performed at the end of 
the experiment . Data were analyzed using regression analysis in SAS 
9.4. Significance was considered when P ≤ 0.05. Body weight increased 
linearly with SDS level (6 .89, 7 .22, 7 .31, 7 .30Kg) . Feed consumption 
increased with SDS level in a quadratic fashion with an estimated 
maximum value at 32 .5% SDS . Feed to gain (corrected for mortality) 
increased linearly with SDS inclusion (1 .71, 1 .76 . 1 .76, 1 .77) . No dif-
ferences in mortality were found, but there was a trend to decrease with 
SDS level (P = 0 .0891) . Although absolute weights of the breast and fat 
pad increased linearly with SDS following the trend of total body weight, 
relative weights show an effect of diet only on fat pad, which changed 
quadratically with SDS, with an estimated maximum at 32 .5% SDS . In 
summary, inclusion of SDS in turkey diets increased body weight, but 
had a negative effect on feed efficiency.

Key Words: slowly digested starch, rapidly digested starch, breast 
meat, abdominal fat
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288   Effect of Bacillus subtilis DSM 32315 on performance and 
gut pathology of broiler chickens in a necrotic enteritis chal-
lenge. Adebayo Sokale*1, Anita Menconi1, Kiran Doranalli2, Gregory 
Mathis3, and Brett Lumpkins3, 1Evonik Corporation, Nutrition & 
Care, Kennesaw, GA, 2Evonik Nutrition & Care GmbH, Hanau, Ger-
many, 3Southern Poultry Research, Athens, GA.

Clostridial diseases are among the most important cause of economic 
loss to poultry producers worldwide . Necrotic enteritis (NE) is an 
enteric disease of poultry caused by a pathogenic strain of Clostridium 
perfringens (CP) . The production of CP toxins results in damage to the 
intestinal mucosa, resulting in pathology and loss of performance . His-
torically, antibiotic growth promoters (AGP) have been used to control 
NE . However with changes in the use of in-feed antibiotics, there is 
need to develop alternatives to control enteric pathogens . Direct-Fed 
Microbials (DFM) offer one alternative to AGP . Bacillus subtilis DSM 
32315 is a unique DFM strain shown to inhibit the growth of pathogenic 
bacteria especially CP . A 28-d proof of concept trial was conducted to 
evaluate the effect of dietary inclusion of B. subtilis DSM 32315 com-
pared with bacitracin methylene disalicylate (BMD) on gut pathology 
and performance of broilers challenged with a pathogenic strain of CP . 
The challenge was conducted using day-old broilers reared in cages . 
Birds were randomly assigned to 8 birds/cage, 10 cages/treatment and 
4 treatment groups: uninfected control (UC), infected control (IC), 
B. subtilis DSM 32315, and BMD . The NE challenge was induced in 
each bird by oral inoculation with ~5,000 Eimeria maxima oocysts on 
d 13, followed by a NetB positive CP strain on 18, 19, and 20 doa . On 
d 20, intestinal tissues were obtained for histopathological examination . 
The intestinal tissues were evaluated for Coccidia Index (CI), Enteritis 
Index (EI) and Total Lesion Score (TLS) . Overall, B. subtilis DSM 
32315 significantly (P = 0 .001) improved BW, and this improvement 
was similar to the UC and BMD groups . In addition, B. subtilis DSM 
32315 numerically improved FCR by 3 points compared with the IC 
group . Mortality (P < 0 .001) and lesion score (P < 0.001) were signifi-
cantly lower in the B. subtilis DSM 32315 group compared with the 
IC group and was similar to the BMD group . The EI (P = 0 .002) and 
TLS (P = 0.005) were significantly lower in the B. subtilis DSM 32315 
compared with the IC group . This study indicates that dietary inclusion 
of B. subtilis DSM 32315 reduced enteritis associated gut pathology 
and improved performance similar to BMD, and therefore can be an 
effective preventive measure against NE .

Key Words: direct-fed microbial, enteritis, performance, pathology

289   A polysaccharidic extract of Ulva sp. stimulates in vitro 
innate immunity in broilers. Maria Rodriguez*, Olmix, Brehan, 
Morbihan, France.

Since microbial resistance to antibiotics is still increasing worldwide, 
more and more measures are taken to reduce antibiotic use . One example 
is the French plan Ecoantibio 2017, which aims at reducing the use of 
antibiotics in veterinary medicine by 25% within the next 5 years . This 
requires new strategies to be developed to support broilers’ immunity . 
Here we evaluate the effect of an extract of Ulva sp . harvested in Brit-
tany (France), and rich in sulphated polysaccharides (MSP), on avian 
heterophils and monocytes in vitro . Heterophils and monocytes were 
purified from peripheral blood of 28 d-old, Ross 308 broilers raised 
in standard conditions . MSP induces the activation of heterophils via 

improvement of oxidative burst and glucuronidase activity in a dose and 
time-dependent manner (P < 0 .05) . In parallel, the ability of MSP to 
induce NO production in monocytes was assessed and it was also occur-
ring in a time and dose-dependent manner . Both cell types responded in 
a range of MSP dose similar to the one of a usual activator . MSP allows 
in vitro stimulation of both heterophils and monocytes; being both cell 
types major players in broilers’ innate immunity . The mode of action 
of MSP is currently under study . The potential practical applications of 
this algal extract could be: enhancement of immunity and improvement 
of animal performance and the ultimate goal: the reduction of the use 
of antibiotics in animal production systems .

Key Words: immunity, algal polysaccharides, MSP, immunomudula-
tion, broiler

290   Effect of dietary supplemental daidzein on immune func-
tion in chickens. Hao Fan*, Zengpeng Lv, Liping Gan, and Yuming 
Guo, China Agricultural University, Beijing, China.

Daidzein (DA) is an isoflavone, which is a hormone-like substance 
found in soybeans . The study found that it could improve the antioxi-
dant capacity and immune function, besides regulate lipid metabolism 
and other effects . The effect of supplemental DA on chicken immune 
function were investigated . A total of 720 57-week-old female broiler 
breeders were randomly divided into 3 treatment groups . These breed-
ers were fed a controlled diet containing 0 mg/kg of DA (DA-deficient, 
DAD), 20 mg/kg of DA (DA-low-supplemented, DLS) or 100 mg/
kg of DA (DA-high-supplemented, DHS) for 8 weeks . Hatching eggs 
from 66-week-old hens were incubated . After hatching, offsprings were 
grouped the same as their mother to receive basal diet for 42 d . Blood 
and samples were obtained from hens, embryo and offsprings . The 
transcripts of the hens, embryos and offsprings were sequenced and 
the immune indexes were detected . The results showed that low level 
of DA would affect the immune performance of chickens . For hens, 
no treatment differences (P > 0 .05) were detected in antibody titer, as 
well as the number of T cell subsets, however, the addition of 20 mg/
kg DA upregulated 47 different genes expression and downregulated 
59 different genes expression(P < 0 .05), it shown that addition of 20 
mg/kg DA could enhance the expression of antimicrobial and humoral 
immune genes, and we also detected that the addition of 20 mg/kg 
DA could increase the levels of IgG and IgM in hens (P < 0 .05) . The 
addition of 100 mg/kg DA upregulated 82 different genes expression 
and downregulated 60 different genes expression (P < 0 .05), resulting 
in decreased antibacterial capacity and humoral immune, and it could 
decrease the levels of IgG and IgM in hens (P < 0 .05) . Compared with 
the DAD and DHS group, the DLS group has a higher fertilization rate 
and a lower dead embryo rate . In offspring birds, the offspring birds 
from hens fed with DA 20 mg/kg had higher antibody titers and the IgA 
in blood significantly (P < 0 .05), that from hens fed with DA 100 mg/
kg had lower levels of IgG and IgM (P < 0 .05), and reduced expres-
sion of humoral immunity genes (P < 0 .05), and antibody titers (P < 
0 .05) as well . It can be concluded that the dietary addition of 20 mg/
kg DA can improve the humoral immunity, and the ability of the hens 
to resist pathogens, and high level of DA addition at 100 mg/kg may 
be immune-depressive . The maternal effects of dietary DA for broiler 
breeders on the offspring is significant.

Key Words: daidzein, transcriptions, immunity, breeder, offspring
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291   Evaluation of the effects of probiotics on bacterial chon-
dronecrosis with osteomyelitis lameness and antibiotics use in 
broiler chickens under commercial conditions. Eduardo Vicuna*, 
Biomin, San Antonio, TX.

Bacterial chondronecrosis with osteomyelitis (BCO) is a common causes 
of lameness in broilers . Antibiotics are used to reduce it but with the 
emergence of bacterial resistance, it is important to find other ways to 
control the condition . The objectives of this work were to measure the 
efficacy of a probiotic (PoultryStar) in BCO lameness reduction. This 
trial was repeated for 2 flocks from 2 different breeder farms. The groups 
received basic diet or diet mixed with probiotics (0 .5 kg/ton feed) . 
On d 28 of the first flock, a post-mortem examination was performed 
to confirm BCO lesions and pododermatitis. Performance, mortality, 
lameness and antibiotics usage were recorded. No significant differ-
ences were found in BCO lesion or in pododermatitis scores between 
probiotics and control groups, however birds in the control group in 
both flocks had to be treated with antibiotics to control the incidence of 
BCO. BCO lesion scores were significantly different between breeder 
farms . Performance was different between the breeder farms . For one 
of the farms, lameness and mortality were higher in the probiotics group 
in the first flock but higher in the control group in the second flock. For 
the second farm, mortality in the first flock and lameness in both flocks 
were lower in the probiotics group . Slaughterhouse rejections were the 
lowest for the probiotics group. The findings suggest the prophylactic 
use of probiotics could be a strategy in controlling BCO and reducing 
antibiotics usage in poultry production .

Key Words: probiotic, antibiotic, BCO lameness, broiler, 
performance

292   Graded levels of hulless barley and β-glucanase affect the 
digestive tract morphology of broiler chickens vaccinated for 
coccidiosis. Namalika Karunaratne*1, Mike Bedford2, Rex Newkirk1, 
and Henry Classen1, 1University of Saskatchewan, Saskatoon, SK, 
Canada, 2AB Vista, Marlborough, United Kingdom.

Diet soluble β-glucan has previously been shown to adversely affect 
broiler performance, but these effects are largely eliminated by the use 
of the exogenous enzyme β-glucanase. How the digestive tract and 
other relevant tissues respond to the presence of soluble β-glucan and 
β-glucanase is of interest as it may help explain the mechanisms whereby 
these factors affect broiler productivity and health . The objective of the 
study was to evaluate the effect of hulless barley and β-glucanase on 
digestive tract morphology and key tissue weights in broiler chickens . 
Coccidiosis vaccinated broilers were fed graded levels of high β-glucan 
hulless barley (HB; CDC Fibar; 0, 30 and 60% replacing wheat) and 
β-glucanase (BG; Econase GT 200P; 0, 0.01 and 0.1%) in a 3 × 3 factorial 
arrangement (RCBD) . A total of 5,346 mixed sex broilers were raised in 
litter floor pens and vaccinated in feed and water on d 5 with Coccivac-
B52 (Merck Animal Health) . Each treatment was assigned to 1 pen in 
each of 9 rooms and there were 66 birds per pen . Digestive tract segment 
weights, lengths and contents, and organ weights were obtained at d 11 
and 33. Statistical significance level was considered as P ≤ 0.05. At d 
11, relative empty weights (proventriculus, gizzard, jejunum, colon and 
pancreas), lengths (jejunum and colon) and contents (gizzard, jejunum 
and colon) increased with HB and relative empty weights (proventriculus 
and colon), length (colon) and contents (jejunum and colon) decreased 
with BG . At d 33, relative empty weights (gizzard, duodenum, jejunum, 
ceca, colon, pancreas and liver), lengths (duodenum, ceca and colon) 
and contents (gizzard, ileum, ceca and colon) increased with HB and 
relative empty weights (colon and liver) and contents (jejunum, ileum 
and colon) decreased with BG. Significant interactions were observed for 

contents (crop, duodenum, ileum and ceca) and liver at d 11 and, lengths 
(jejunum and ileum) at d 33 . In conclusion, over the entire experiment, 
HB increased digestive tract size and content, whereas BG reduced 
them by increasing digestive function . Further research is required to 
determine how soluble β-glucans and lower weight polymers resulting 
from BG change the gut microbial community and affect gut health .

Key Words: enzyme, prebiotics, oligosaccharide, β-glucan, digestion

293   Effects of replacing antibiotics and anticoccidials with 
probiotics in broiler diets on intestinal coccidial lesion develop-
ment. Wei Zhai*, Kacey O’Donnell, and Xi Wang, Mississippi State 
University, Mississippi State, MS.

The current trial was conducted to study the effects of dietary antimi-
crobials (50g bacitracin/ton of feed as the antibiotic, and 54g narasin/
ton of feed as the anticoccidial) and probiotics (Bacillus subtilis, 30,000 
spores/g feed) on intestinal coccidial lesion development of broilers 
challenged with live Eimeria (E.) oocysts . A total of 640 male Ross × 
Ross 708 broilers were divided into 5 dietary treatments, 8 replications, 
with 16 birds in each floor pen and raised to 35 d of age. The 5 dietary 
treatments were 1) basal diet (as negative control, NC); 2) basal diet 
supplemented with bacitracin from d 0 to 14, bacitracin and narasin from 
d 14 to 35 (antimicrobials, Anti); 3) Bacillus subtilis (probiotics, Pro); 
4) bacitracin from d 0 to 14, and bacitracin withdrew from d 14 to 35 
(Anti+NC); and 5) bacitracin from d 0 to 14, and Bacillus subtilis from 
d 14 to 35 (Anti+Pro) . On d 14, all the birds were orally gavaged with 
10 × dose of commercial coccidial vaccine including E. acervulina, E. 
maxima, E. maxima MFP, E. mivati, and E. tenella . One bird from each 
pen was necropsied every week for 3 weeks after challenge . Lesions 
were scored on duodenum, jejunum, ileum, and ceca . The lesion scoring 
was analyzed using one-way nonparametric Wilcoxon analysis using 
Proc NPAR1WAY of SAS 9 .4 . Seven days after challenge, Anti reduced 
duodenal lesions as compared with NC (P = 0 .074) and Anti+NC (P = 
0 .009) . Fourteen days after challenge, Pro lowered duodenal lesions as 
compared with NC (P = 0 .015) and Anti (P = 0 .054) . Twenty-one days 
after challenge, even though the lesions were not significantly different 
among dietary treatments (P = 0 .133), the duodenums of birds fed Anti 
and Pro had fully recovered from the lesions (i .e ., lesion scores had 
been reduced to zeros) . The lesions in the duodenum were caused by E. 
acervulina with the appearance of white plaque-like spots . Pro lowered 
ileal lesions as compared with NC (P = 0 .074) . The lesions in the ileum 
were caused by E. maxima with the appearance of small red petechial . 
In conclusion, both antimicrobials and Bacillus subtilis facilitated the 
birds in inhibiting coccidial lesion development and recovering from 
the lesions . However, the birds fed antimicrobials and Bacillus subtilis 
exhibited different patterns of lesion development and recovery, which 
may be due to different mechanisms of how these supplements control 
the intestinal microflora environment.

Key Words: antibiotic, anticoccidial, broiler, coccidiosis, probiotic

294   Supplemental dietary microalgal astaxanthin affects 
hepatic gene expression related to redox status, heat stress, 
inflammation, and lipid metabolism in laying hens. Samar Tolba*1, 
Andrew Magnuson1, Tao Sun1, Sandip Shinde2, and Xingen Lei1, 
1Cornell University, Ithaca, NY, 2Heliae, Gilbert, Germany.

We have recently demonstrated a dose-dependent elevation of oxygen 
free radicals absorbance in the liver and egg yolk of laying hens fed 
astaxanthin-rich microalgae . This study was to determine how the 
supplemental astaxanthin affected mRNA expression of key genes 



Poult. Sci. 96(E-Suppl. 1)110

involved in antioxidant activity, heat stress, inflammation, and lipid 
metabolism . White Leghorn Shaver hens (Total = 50 and 21-wk old) 
were divided into 5 treatment groups, reared individually in cages (10 
cages/treatment) and fed corn-soybean meal basal diet supplemented 
with microalgal (Haematococcus pluvialis) astaxanthin (Heliae, Gil-
bert, AZ) at 0, 10, 20, 40, and 80 mg/kg for 6 wk . Liver samples (n = 
5/treatment) were collected at the end of study for the gene expression 
analyses . Data were analyzed by one-way ANOVA . Compared with 
the control diet, the 20 and 40 mg astaxanthin/kg diets upregulated 
(P < 0 .05) the mRNA expression of superoxide dismutase-1 (113%) 
and glutathione reductase (23%) respectively . The 20 mg astaxanthin/
kg diets upregulated the mRNA expression of serine/threonine kinase 
(99%), and mitogen activated protein kinase P38 MAPK (60%), while 
the 40 mg astaxanthine/kg diets upregulated the mRNA expression 
of heat shock protein-90 (34%), heat shock protein-70 (125%), along 
with a 60% downregulation (P < 0 .05) of interlueken-10 . The 80 mg 
astaxanthin/kg diet downregulated (P < 0 .05) mRNA expression of key 
lipogenesis genes: fatty acid synthase (63%), acetyl Co-A carboxylase 
(61%), stearoyl Co-A desaturase (45%), and diacylglycerol acyltransfer-
ase (44), along with an enhanced mRNA of the lipolysis gene carnitine 
palmitoyltranferase (230%), compared with the control . In conclusion, 
supplemental dietary microalgal astaxanthin exerted a dose-dependent, 
but nonlinear, effect on hepatic gene expression involved in controlling 
redox status, oxidative and heat stress, inflammation, and lipid metabo-
lism of laying hens . Supported by DOE (DE-EE0007091), Cornell 
University (Hatch grant NYC-127419) .

Key Words: antioxidant, cytokine, gene expression, lipid metabo-
lism, poultry

295   Effect of xylanase, probiotics and their combination on 
broiler performance, intestinal lesion observation in response 
to Eimeria and Clostridium perfringens challenges. Basheer 
Nusairat*1, James McNaughton2, Fang Zhou1, and Jeng-Jie Wang1, 
1BioResource International Inc., Durham, NC, 2AHPharma Inc., 
Hebron, MD.

This study was conducted to evaluate the effects of xylanase (Xylamax, 
BioResource International Inc .), probiotics, and their combination on 
performance and under mild subclinical challenge with 2 Eimeria spe-
cies and C. perfringens in broilers raised to 42 d . A total of 2,496 Ross 
708 broiler chicks were assigned to 48 floor pens with 52 birds per 
pen . A total of 6 dietary treatments were used in the starter (0–21 d), 
grower (22–35 d), and finisher (36–42 d) phases. Treatment diets were 
corn-soy based and contained 1) no xylanase or probiotics (control), 
2) xylanase only, 3) probiotic A only, 4) probiotic B only, 5) xylanase 
plus probiotic A, or 6) xylanase plus probiotic B . Data were analyzed as 
randomized complete block design . When compared with control at 42 
d, the xylanase, probiotic A, and probiotic B improved (P < 0 .05) BW 
gain by 93, 94, and 53 g, respectively, and FCR by 4, 4, and 6 points, 
respectively . When compared with control at 42 d, the combination of 
xylanase and probiotic A or probiotic B improved (P < 0 .05) BW gain 
by 142 or 147 g, respectively and FCR by 9 or 11 points, respectively . 
The combination of xylanase and probiotic A or probiotic B reduced 
(P < 0.05) body weight coefficient of variation from control (15.09%) 
to 8 .27% or 8 .22%, respectively at 42 d . The combination of xylanase 
and probiotic A or probiotic B reduced (P < 0 .05) gross lesion scores 
in small intestine at 42 d compared with control (1 .21) to 0 .43 or 0 .26, 
respectively . The combination of xylanase and probiotic A or probiotic 
B reduced (P < 0 .05) C. perfringens count at 42 d from control (4 .06) 
to 2 .51 or 2 .57 log10 cfu/g of digesta respectively . Results suggest that 
the xylanase and probiotics alone can improve broiler performance and 

reduce the disease severity due to Eimeria and C. perfringens challenges, 
and that the effect of xylanase and probiotics are additive .

Key Words: broiler, xylanase, probiotics, Clostridium perfringens, 
Eimeria

296   Evaluation of the effect of a novel Bacillus subtilis 
(CHCC15076) probiotic strain on chickens subjected to physi-
ological intestinal inflammation. Alfred Blanch*1, Dorthe Sand-
vang1, Line Skjoet-Rasmussen1, Mickael Rouault1, Jaime Sánchez2, 
and Marta Gracia2, 1Chr. Hansen A/S, Hørsholm, Denmark, 2Imasde 
Agroalimentaria S.L, Pozuelo de Alarcón, Spain.

The aim of this study was to evaluate the addition of a new DFM 
(Bacillus subtilis, strain CHCC15076, hereinafter referred to as KG76) 
in diets for chickens subjected to physiological intestinal inflammation. 
1,800 Ross 308 male broilers were randomly allocated in 72 floor-pens, 
each containing 25 birds, distributed in 6 dietary treatments (12 pens 
per treatment): basal diet without any DFM (T1), basal diet + KG76 
at 5 × 107 cfu/kg feed (T2), basal diet + KG76 at 2 × 108 cfu/kg feed 
(T3), basal diet + KG76 at 6 × 108 cfu/kg feed (T4), basal diet + KG76 
at 2 × 109 cfu/kg feed (T5), basal diet + KG76 at 5 × 109 cfu/kg feed 
(T6) . Diets where administered ad libitum during 3 phases: starter (1 
to 14 d), grower (14 to 28 d) and finisher (28 to 42 d) Basal diet was 
based on corn, wheat, barley, rye and soybean meal and without any 
added enzyme . Growth, body weight, feed intake, and feed conversion 
(FCR) were evaluated at 1, 14, 28 and 42 d of age . Data were analyzed 
as a completely randomized design by GLM of SPSS v . 19 .0 followed 
by Tukey’s mean test . Total mortality/cull at 42 d was 3 .56%, without 
significant differences among experimental treatments. During the 
starter period, no significant differences between treatments were 
observed . At 28 d, birds receiving KG76 at 6 .0 × 108 and 2 .0 × 109 
(T4 and T5) were 8 .65% heavier than control birds . During the grower 
period, chickens from T4, T5 and T6 grew significantly more than 
control birds (66 .1, 67 .8, 68 .8, 72 .6, 74 .1 and 71 .9 g/d for T1 to T6, 
respectively, P < 0 .05) . At 42 d, birds supplemented with KG76 at 2 .0 
× 109 (T5) were significantly heavier than control birds (P < 0 .05) . For 
the overall fattening period, birds supplemented with KG76 at 2 .0 × 109 
(T5) grew significantly more than control birds (T1), showing the other 
doses intermediate growth (61 .7, 61 .9, 62 .6, 64 .3, 64 .9 and 63 .1 g/d for 
T1 to T6, respectively, P < 0 .05) . Furthermore, FCR and EPEF were 
significantly improved by treatment, showing broilers supplemented 
with KG76 at 6 .0 × 108 and 2 .0 × 109 (T4 and T5) the highest values 
for both parameters . Under this trial conditions, it can be concluded that 
supplementation of broiler diets with KG76 improves performance of 
birds with intestinal inflammation, when added at doses between 6.0 × 
108 and 2 .0 × 109 cfu/kg feed .

Key Words: DFM, Bacillus, chicken, inflammation

297   Titratable effects of AviLution on cecal bacteria in broiler 
chickens during infection with Clostridium perfringens. Lucas 
Krueger*1, David Spangler1, and Michael Sims2, 1Agri-King Inc., 
Fulton, IL, 2VA Diversified Research, Harrisonburg, VA.

The objective of the present study was to observe titratable responses 
in the relative abundance of cecal bacteria upon dietary supplementa-
tion of 3 levels of Avi-Lution . Avi-Lution is a commercially available 
probiotic that contains approximately 1 .1 × 109 combined colony 
forming units (cfu) per g of Saccharomyces cerevisiae, Enterococcus 
faecium, and Bacillus spp . Male, Cobb 500 broilers (n = 1,800 broilers; 
10 pens per treatment; 30 broilers per pen) were raised for 42 d in floor 
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pens and subjected to one of 6 treatments, which were un-inoculated 
control (UC), inoculated by oral gavage on d 17 of age with 1 .0 × 109 
cfu Clostridium perfringens (IC; 0 mg/kg AvL), inoculated with C. 
perfringens (Cp) and supplemented with Avi-Lution in feed at a rate of 
250 mg/kg (AvL250), 375 mg/kg (AvL375), or 500 mg/kg (AvL500), 
or inoculated and supplemented from d 10–31with avilamycin at 20 
mg/kg in feed (AVM) as a performance control . Linear Pearson coef-
ficients were determined for the relationships of AvL dose to the relative 
abundances of 16S gene-based bacterial operational taxonomic units 
(OTU) in cecal contents at d 14, 28, and 42 of age . Those OTU found 
to be negatively related to AvL dose (Pearson coefficient with P < 0 .05) 
were expressed as a percentage of bacterial communities in IC samples 
(AvL at 0 mg/kg), whereas positively correlated OTU were expressed 
as a percentage of AvL500 (highest dose) bacterial communities . Nega-
tively correlated OTU comprised 2 .93 ± 1 .20% of bacterial sequences 
at d 14 of age (pre-Cp inoculation), 11 .99 ± 1 .64% of sequences at d 
28 (post-Cp inoculation), and 3 .39 ± 0 .78% of sequences at d 42 in 
IC samples . Positively correlated OTU were not detected at d 14, but 
comprised 11 .48 ± 0 .21% and 2 .11 ± 0 .46% of sequences at d 28 and 
42, respectively, in AvL500 samples. These findings demonstrate that 
Avi-Lution affected cecal bacteria in a dose-dependent manner during 
infection with C. perfringens.

Key Words: Clostridium perfringens, necrotic enteritis, broiler, 
probiotic, bacterial community

298   Vaccine to fibroblast growth factor 23 peptides increases 
eggshell strength. Zhouzheng Ren*, Alexis Piepenburg, Daniel Bütz, 
James Claus, and Mark Cook, University of Wisconsin-Madison, 
Madison, WI.

Strategies that would increase eggshell quality could be of consider-
able value to egg producers . Here we demonstrate the effective use of 
fibroblast growth factor 23 (FGF-23) peptide vaccines to increased 
eggshell quality of Single Comb White Leghorn laying hens (68-wk-
old) . Hens, fed a standard diet (containing 900 IU/kg vitamin D3), were 
intramuscularly injected (and boosted) with either a control vaccine 
(n = 14 hens), or one of 2 FGF-23 peptide vaccines (peptides NP1, 
GMNPPPYS; and NP7, YTSTERNSFH; n = 15 hens for each peptide) . 
During peak antibody titer, eggs were collected for shell and internal 
quality analysis, hens were artificially inseminated and the hatchability 
of fertilized eggs was determined . Eggs from laying hens vaccinated with 
either FGF-23 peptide NP1 or NP7 had increased (P ≤ 0.001) specific 
gravity (NP1 = 1 .082, NP7 = 1 .083, control = 1 .079), shell strength (g 
of force, NP1 = 3995, NP7 = 4153, control = 3093), shell weight (g, 
NP1 = 7 .4, NP7 = 7 .4, control = 7 .0), and shell index (% of whole egg, 
NP1 = 13 .5, NP7 = 13 .3, control = 13 .0) when compared with eggs 
from control vaccinated hens . FGF-23 peptide NP1 vaccinated hens 
also had increased shell thickness (P ≤ 0.001), egg weight (P = 0 .014) 
and yolk weight (P = 0 .014), and decreased albumen index (P = 0 .050) 
when compared with control vaccinated hens . FGF-23 peptide NP7 
vaccinated hens had decreased yolk index (P = 0 .011), and increased 
albumen weight (P = 0 .035) when compared with control vaccinated 
hens . Dry matter content of yolk, albumen, shell and the total egg were 
not affected by FGF-23 peptide vaccinations (P > 0 .05) . Hatchability 
of fertilized eggs was not affected by FGF-23 peptide vaccinations (P 
> 0 .05) . In conclusion, vaccines to FGF-23 peptides increased eggshell 
quality of 68-wk-old laying hens with no adverse effects on egg internal 
quality and hatchability .

Key Words: fibroblast growth factor 23, antibody, specific gravity, 
shell strength, egg breakage

299   Investigation of the dietary direct-fed microbials as an 
antibiotic alternative on growth, gut immunity and epithelial 
barrier protein expression in young broiler chickens. Sungteak 
Oh*, Ujvala Gadde, Youngsub Lee, and Hyun Lillehoj, USDA-ARS, 
Beltsville, MD.

The objective of this study was to investigate the effects of Bacillus 
subtilis-based probiotic supplementation in broiler chicken diets on 
growth performance, feed efficiency, intestinal cytokine and tight junc-
tion (TJ) protein mRNA expression . Day-old broiler chicks (n = 140) 
were randomly assigned to one of 5 dietary treatments: basal diet (CON), 
basal diet supplemented with antibiotic (BMD) or probiotics, namely B. 
subtilis strain 1781 (PB1), a combination of B. subtilis strain 1104+strain 
747 (PB2) or B. subtilis strain 1781+strain 747 (PB3) . Body weight and 
feed intake were measured at 14 d of age, and the feed conversion ratio 
(FCR) was calculated . At 2 weeks of age, ileal samples were collected 
and used for intestinal cytokine, TJ protein and mucin gene expression 
analysis using qRT-PCR . The antibiotic (BMD) supplemented group 
and B. subtilis strain 1781 alone (PB1) group had significantly higher 
body weights compared with controls (P-value = 0 .0295) . Dietary 
supplementation with antibiotic (BMD) or probiotics (PB1, PB2, PB3) 
significantly improved the feed efficiency as evidenced by decreased 
FCR compared with controls (P-value = 0 .0256) . No differences were 
observed in the expression of IL1β, IL17F, IFNγ and MUC2 gene among 
the different treatment groups . However, elevated expression of IL6 
(P-value = 0 .0123), IL8 (P-value = 0 .0061) and TNFSF15 (P-value = 
0 .0195) compared with controls was observed in the ileum . IL2 (P-value 
= 0 .0035) and IL10 (P-value = 0 .0001) expression was upregulated in 
chicks in the PB2 and PB3 groups, and IL4 (P-value = 0 .0007) was 
elevated in the PB1 group . IL13 (P-value = 0 .0001) was elevated in all 
probiotic-fed groups (PB1, PB2, PB3) . Probiotic supplementation was 
also shown to significantly increase the expression of TJ proteins JAM2 
(P-value = 0 .0004), ZO1 (P-value = 0 .0001) and occludin (P-value = 
0 .0008) . Taken together, B. subtilis supplementation altered intestinal 
immune activity and influenced gut barrier integrity through increased 
expression of TJ proteins

Key Words: chicken, Bacillus subtilis, gut

300   Performance of broiler chickens fed Bacillus subtilis DSM 
32315 and an antibiotic growth promoter in a necrotic enteritis 
challenge. Anita Menconi*1, Adebayo Sokale1, Kiran Doranalli3, and 
Michael Sims2, 1Evonik Corporation, Kennesaw, GA, 2VA Diversi-
fied Research, Harrisonburg, VA, 3Evonik Nutrition & Care GmbH, 
Hanau, Germany.

Necrotic enteritis (NE) is a multifactorial enteric disease of poultry 
caused by a pathogenic strain of Clostridium perfringens (CP) . Under 
commercial conditions, NE often causes high mortality and lower perfor-
mance, resulting in considerable economic loss . Direct-Fed Microbials 
(DFM) have been studied as a tool to aid in the control of NE in broilers 
raised without antibiotics due to the potential to maintain a stable gut 
microbiota, which, in turn, can reduce enteric diseases and improve 
growth performance . An experiment was conducted with the objective 
to evaluate the effects of a unique DFM strain, Bacillus subtilis DSM 
32315, in comparison to bacitracin methylene disalicylate (BMD) on 
controlling NE in broilers under a CP challenge . Day-old chicks were 
randomly distributed in floor pens, with 12 replicates of 30 birds/pen 
and raised for 42 d . The experiment consisted of 4 treatment groups: 
non-challenged control, challenged control, DFM at 1 × 106 cfu/g 
feed, and BMD at 50g/MT . On d 17, 18, and 19, birds from challenged 
control, DFM, and BMD groups were individually challenged via oral 
gavage with 2 mL (1 × 109 cfu/mL) of CP (type A β hemolytic isolate). 



Poult. Sci. 96(E-Suppl. 1)112

All birds and feeds were weighed at d 14, 28, and 42 . NE lesion scores 
were recorded at 21 d and mortality was recorded daily . At d 14, no 
significant differences in body weight and mortality were observed. 
However, DFM supplemented birds showed a significantly (P < 0 .05) 
lower feed conversion ratio (FCR) at d 14 compared with challenged 
control and BMD. At d 21, DFM and BMD significantly (P < 0 .05) 
decreased the average NE lesion score compared with challenged birds . 
At d 42, DFM, similar to BMD, significantly (P < 0 .05) improved body 
weight and FCR. DFM fed group had a significantly (P < 0 .05) lower 
NE related mortality and a numerically lower overall mortality compared 
with challenged control. Furthermore, DFM group showed a significant 
(P < 0.05) improvement in European Poultry Efficiency Factor. Overall, 
this experiment showed that dietary inclusion of B. subtilis DSM 32315 
reduced NE lesions scores and associated mortality, improved weight 
gain and FCR, and reduced mortality from all causes, comparably to a 
standard antibiotic growth promoter .

Key Words: broiler, Clostridium perfringens, direct-fed microbial, 
necrotic enteritis

301   Effects of Mentofin on humoral immune response and 
bursal morphology against Infectious bursal disease in broiler 
chickens. Muhammad Umair Shah, Asim Aslam*, Ghulam Mustafa, 
Ali Ahmed Sheikh, and Gulbeena Saleem, University of Veterinary 
and Animal Sciences, Lahore, Punjab, Pakistan.

Infectious bursal disease (IBD) is one of the important viral disease 
causing huge economic losses mainly because of immunosuppression 
in chickens. A study was conducted to evaluate the effect of Mentofin 

(a herbal product) on humoral immune response and bursal tissue 
morphology in conjunct with IBD virus vaccine in broiler chickens . 
A total 360 broiler chickens were divided into 4 equal groups (A-D) 
with 5 replicates of 20 birds each . All the birds were reared under 
controlled environmental conditions . All the birds of groups A and B 
were vaccinated with the IBD live virus vaccine at d 0 . Birds of Group 
B were treated with Mentofin @ 0.25mL/L of drinking water during d 
0–42 in addition to vaccination. Birds of Group C were given Mentofin 
only . While Group D served as negative control . On d 0, 7 . 14 . 21, 28 
and 42 5 birds from each replicate were randomly selected and killed 
humanely for post-mortem examination, bursa/ body weight ratio and 
histopathological studies . Prior to necropsy blood was also collected 
from these birds on all experimental days to record weekly serum 
antibody response against IBD. Results showed that significantly (P < 
0 .05) higher ELISA antibody titer was observed in Group B (vaccinated 
and treated with Mentofin) on all experimental days as compared with 
all other groups . No gross pathology was observed in any of the group . 
However in most of birds from vaccinated groups (A and B) bursa had 
large size as compared with non- vaccinated groups (C and D) . Histo-
pathology revealed varying degree of lymphoproliferative changes in 
bursa of Fabricius with increased number of lymphocytes in Group B . 
Mild lymphocytic depletion was observed in birds of Group A . Bursa/ 
body ratio was highest (P < 0 .05) in birds of Group B on all experi-
mental days whereas lowest in birds of Group D . It was concluded that 
Mentofin supplementation may have potent immunomodulatory effect 
in chickens when vaccinated against IBD .

Key Words: infectious bursal disease (IBD), Mentofin, bursa of 
Fabricius, histopathology, humoral immunity
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302   The effect of various selenium sources on tissue enrich-
ment in broiler chickens: A meta-analysis. Jeremy Jachacz and 
Mickael Briens*, Adisseo France S.A.S, Commentry, France.

A meta-analysis integrating the results of 13 controlled randomized 
broiler chicken studies (92 data lines) containing 2-hydroxy-4-meth-
ylselenobutanoic acid (HMSeBA), and other selenium (Se) sources 
was conducted. It aimed to identify parameters influencing tissue Se 
concentration, growth performances or mortality . Examined factors 
were Se source-products (none, selenite, glycinate, HMSeBA, Se-
yeasts, selenomethionine (SeMet)) or Se source-types (none, mineral, 
organic); feed Se supplementation levels (0; ]0; 0 .20]; ]0 .20; 1 .25] 
ppm) . Growth performances and mortality were considered for whole 
study period: 0–7d; 0–21d and > 21d; and tissue Se concentrations from 
end of period collections . Results showed that organic Se source-types 
increased breast muscle Se concentrations compared with mineral ones 
(P < 0.050). HMSeBA and SeMet sources were significantly more 
efficient to increase muscle Se concentration compared with other Se 
source-products (P < 0 .001) . Increasing feed Se supplementation levels 
resulted in a significant improvement of breast muscle Se content (P 
< 0 .001) . Similar Se sources-types effects were observed for liver Se 
concentrations. Influence of Se source or level on growth performances 
and mortality could not be conducted due to robustness and heterogene-
ity issues. Those results confirmed a higher Se transfer in tissues for 
organic Se forms compared with mineral ones . Further work is needed 
to precisely connect Se and its biological functions with broiler oxidative 
stress, a situation where organic Se have been demonstrated to optimize 
growth performances .

Key Words: selenium, meta-analysis, broiler

303   Effect of selenium yeast and sodium selenite on perfor-
mance, egg quality, antioxidant capacity and selenium deposition 
of laying hens. Xuejiao Han, Peng Qin, Wenxiang Li*, Qiugang 
Ma, Cheng Ji, Jianyun Zhang, and Lihong Zhao, China Agricultural 
University, Beijing, China.

This study compared the effects of sodium selenite and selenium yeast 
and their combination on laying performance, egg quality, antioxidant 
capacity and selenium (Se) contents in tissues and eggs . Two hundred 
and eighty-eight Jing Hong layers which were similar in laying rate (87 .5 
± 0 .38%) and body weight (1 .70 ± 0 .02 kg) were randomly distributed 
into 4 treatments for 11 wks (from 203-d-old to 279-d-old) with 9 rep-
licates of 8 hens per replicate . The diets (corn-soybean meal diet) were 
supplemented with 0 (blank control (BC)), 0 .3 mg/kg Se from sodium 
selenite (SS), 0 .15 mg/kg Se from sodium selenite and 0 .15 mg/kg Se 
from Se yeast (SS+SY), 0 .3 mg/kg Se from Se yeast (SY) . Results 
showed that the laying rate of SS+SY group was increased significantly 
(P < 0 .05) compared with BC and SY group . There were no differences 
(P > 0 .05) in egg quality between the Se-supplemented diets compared 
with BC diet . The serum GSH-Px activity was increased (P < 0 .01) in 
hens fed Se-supplemented diets compared with BC diet . The liver SOD 
activity of SY group was increased significantly (P < 0 .05) compared 
with BC group. Significant increase (P < 0 .01) due to SY supplementa-
tion were noted on the serum Vitamin E content compared with BC and 
SS . Layers fed Se-supplemented diets had higher (P < 0 .01) contents of 
Se in serum, liver and kidney compared with BC diet . Compared with 
BC, Se content in egg was significantly increased (P < 0 .05) by feeding 
supplementary Se . In conclusion, the effects of sodium selenite and Se 

yeast were approximately equal in promoting antioxidant capacity of 
laying hens, while Se yeast is easier to deposit into eggs and tissues . Diet 
added equal amounts of the 2 sources of Se was more cost-effective and 
affordable than a comparable amount of Se yeast to obtain the promising 
production performance and nearly similar Se deposition .

Key Words: laying hen, sodium selenite, selenium yeast, antioxidant 
capacity, selenium deposition

304   Intestinal morphometry of broilers fed with different trace 
minerals sources under influence of heat stress. Jorge Muniz1, 
Leticia Bittencourt*2, Rita Donzele1, Juarez Donzele1, Gabriel 
Viana1, Erika Figueiredo1, Leonardo Faria1, and Pedro Arnaut1, 1Uni-
versidade Federal de Viçosa, UFV, Viçosa, Brazil, 2DSM, Nutritional 
Products, São Paulo, Brazil.

This aim of this trial was to evaluate the effects of trace mineral sources 
and heat stress on intestinal morphometry (duodenum, jejunum and 
ileum) of broilers raised in cages from 1 to 42 d of age . A total of 324 
one-day-old male broilers Cobb 500 were distributed in a completely 
randomized design following a 2 × 2 factorial arrangement (sulfate min-
eral source or carbo-amino-phospho-chelate (CAPC) vs thermoneutral or 
heat stress), totaling 4 treatments with 9 replicates of 9 birds each one . 
Treatments were consisted of a supplemented control diet enriched with 
iron, manganese, zinc, copper, and selenium at 40, 100, 100, 15, and 0 .3 
ppm respectively, in a sulfate or CAPC source in a thermoneutral (TN) 
and heat stress (HS) climate chambers . The calculated temperature and 
moisture index values were 82 (±1 .4), 78 (±1 .8), 73 (±1 .3), 75 (±1 .6) 
which characterized the environment as thermoneutral for broiler during 
the phases 1–7d, 8–21d, 22–33d and 34–42d . Heat stress environment 
were set by 86 (±1 .43) and 83 (±0 .71) for broilers during the phases 
1–21 and 22–42 d . At 42d, 18 birds per treatment (2 bird per replicate) 
were necropsied to collect samples of duodenum, jejunum and ileum 
for microscopic evaluation of 30 villus height and their respective 
depth crypt and villi:crypt ratio . Data were submitted to ANOVA and 
means compared by t-test at 5% of probability. There was no significant 
interaction between mineral source and temperature . The villi:crypt 
ratio were influenced negatively by heat stress only in jejunum (9.23 
TN vs 7 .06 HS; P < 0 .05) . In duodenum and ileum, the CAPC mineral 
source increased (P < 0 .05) villi:crypt ratio independent of temperature 
(duodenum TN: 6 .32 vs 5 .21; HS: 6 .46 vs 4 .22 and ileum TN: 5 .88 vs 
3 .89; HS: 4 .94 vs 3 .23) . Results showed the negative effects of heat 
stress on jejunum integrity and that the more bioavailability sources of 
trace minerals can contribute to increase the proliferative capacity of 
enterocytes compared with the sulfates, which contributes to gut health 
of broilers even under influence of heat stress.

Key Words: gut health, poultry, trace minerals, cell proliferation

305   Increased available phosphorus during rearing improves 
feathering of broiler breeder females during the laying period. 
John Brake* and Joaquin Cabanas, North Carolina State University, 
Raleigh, NC.

Recent studies have shown that poor feathering on the backs of broiler 
breeder females during the final phase of production has resulted in 
mating failures that decreased fertility . Feathering during the growing 
phase has been described as a nutritionally demanding physiological 
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process and nutrition during rearing has been reported to have a life-
long effect on feather quality . It was hypothesized that applying an 
altered calcium: available phosphorus (Ca:AvP) ratio during the rearing 
period before photostimulation could improve female feathering . All 
birds were fed common starter and layer diets . Four grower diets with 
different %AvP were applied to 1,024 Ross 708 and 128 YPM broiler 
breeders from 6 to 26 wk of age . The treatments were formulated by 
including 0 .9% Ca with either 0 .3%, 0 .4%, 0 .5% or 0 .6% AvP in the 
grower diet . Breeders were reared in sex-separate pens in an enclosed 
fan-ventilated black-out rearing house and thereafter transferred to a 
mix-sex curtain-sided laying house and photostimulated at 21 wk of age . 
Egg production, fertility, and hatchability data were collected from 25 
to 45 wk of age . Feather scores were assigned by comparing individual 
birds at 45 wk of age to a pre-determined feathering pictorial chart . A 
hen that received a score of 0 was characterized as having no feather 
loss or damage whereas a score of 7 was a naked-back hen . Data was 
analyzed as a one-way ANOVA . Egg production and fertility during 
early production were comparable among treatments . Feather scoring 
was improved (P < 0 .0001) by feeding diets formulated with 0 .6% AvP . 
Results indicated that feather loss due to mating can be reduced by feed-
ing 0 .6% AvP (1 .5:1 .0, Ca:AvP) from initial placement to 26 wk of age .

Key Words: broiler breeder, fertility, feathering, calcium, available 
phosphorus

306   Effect of zinc sources and doses on the degree of presence 
of necrotic enteritis lesions caused by C. perfringens in broilers. 
Gregory Mathis*2, Brett Lumpkins2, Agathe Romeo1, Denise Car-
doso1, and Stephane Durosoy1, 1ANIMINE, Sillingy, France, 2South-
ern Poultry Research, Athens, GA.

Clostridium perfringens-induced necrotic enteritis is a main concern 
in poultry industry: increase of mortality and growth depression lead 
to high economic losses . In swine, positive effects of dietary zinc (Zn) 
on gut health were observed during the post-weaning period . In this 
study, the effects of 2 sources of zinc on necrotic enteritis-challenged 
broilers were compared . The trial consisted of 72 cages starting with 
8 chicks each . They were divided in 3 groups of 24 cages: one group 
fed with 80 ppm of Zn from zinc sulfate (ZnSO4) and the others with 
Zn from potentiated zinc oxide (ZnO) source (Hizox, Animine), at 80 
ppm or at 120 ppm . Then, each group was subdivised in 3 groups of 8 
cages: non-challengeds birds, challenged birds with non-medicated feed 
and challenged birds with virginiamycin at 20 ppm . On DOT 14, all 
the broilers were orally inoculated with ~5,000 oocysts of E. maxima . 
On DOTs 19, 20 and 21, animals of challenged groups were given a 
broth culture of C. perfringens ~108 cfu/mL . Growth performance per 
cage was recorded on DOT 0, 14, 21 and 28 . On DOT 21, 3 birds from 
each cage were sacrificed and examined for the degree of presence of 
necrotic enteritis lesions, from 0 (normal) to 3 (sloughed and blood small 
intestine mucosa) . Concerning the growth performance, the differences 
were essentially related to challenge and to medicated feed: on DOT 
28, non-challenged birds and challenged birds fed virginiamycin had 
the highest bodyweight and the lowest feed conversion ratio, compared 
with challenged birds with non-medicated feed . For the necrotic enteritis 
intestinal scoring, all the non-challenged birds obtainted 0, and there 
was no significant difference between challenged birds, with or without 
medicated feed; nevertheless, scoring of challenged broilers fed 120 ppm 
of Zn from ZnO was numerically (non-medicated feed, 0 .7 vs 0 .8–0 .9) 
or significantly (medicated feed, 0.5 vs 0.8) lower. Mortality of chal-
lenged birds was significantly reduced by virginiamycin. In addition, it 
decreased in groups fed ZnO, numerically (80 ppm of Zn) or significantly 
(120 ppm of Zn), compared with groups fed ZnSO4 . In conclusion, the 

potentiated ZnO source showed a positive effect on degree of presence 
of necrotic enteritis lesions, compared with ZnSO4

Key Words: necrotic enteritis, zinc, mortality

307   Effect of dietary vitamin level on laying hen performance 
and egg vitamin content. Sergio Fernandez*1, Ernesto Avila2, and 
Silvestre Charraga1, 1DSM Nutritional Products México S.A. de 
C.V, El Salto, Jalisco, Mexico, 2Universidad Nacional Autónoma de 
México, México City, México City, Mexico.

To test the effect of 2 feed vitamin profiles on hen performance and 
egg vitamin content, 1,400 40-weeks-old-Hy Line W36 were randomly 
allocated to 2 treatments with 8 replicates of 90 birds each . All hens 
were fed a sorghum-SBM feed formulated to fulfill the Hy Line W36 
hen nutritional requirements, being the only difference the vitamin levels 
added to the feed . The treatments were as follows: (1) Control vitamin 
levels (CON), and (2) Optimum Vitamin Nutrition levels, 2011 (OVN) . 
The vitamin levels of the treatments were as follows (CON/OVN, 
expressed as amounts per kg of feed); VIT . A, 10,000/12,000 IU, VIT 
D3, 3,000/2,500 IU, 25-OH-D3, 0/69 μg, VIT. E, 30/60 mg, VIT K3, 3/4 
mg, VIT . B1, 0/3 mg, VIT B2, 7/7 mg, VIT B6, 0/4 mg, VIT . B12, 15/25 
μg, VIT C, 0/70 mg, niacinamide, 26/50 mg, pantothenic acid, 10/10 
mg, folate, 500/1000 μg, biotin, 55/150 μg, and choline, 350/350 mg. No 
effect of diet (P > 0 .05) was found for the hen performance data, so, the 
average trial values were; egg production, 83 .4%, feed intake, 101 g/h/d, 
feed conversion, 1 .955, egg mass, 51 .7 g/h/d . Regarding the egg vitamin 
content, reported as amounts/100 g of edible material, the following 
vitamins did not show statistical (P > 0 .05) effect of feed (showing the 
average values); VIT . A, 469 IU, Vit D3, 42 IU, Vit B1, 0 .04 mg, Vit B2, 
0 .52 mg, pantothenic acid, 1 .65 mg, and folate, 0 .02 mg . The following 
vitamins showed statistical (P < 0 .05) effect of treatment, expressed 
as CON/OVN, amounts per kg of feed; 25-OH-D3, 0.57/1.16 μg, P < 
0 .003, VIT . E, 3 .1/3 .8 mg, P < 0 .04, Vit B12, 1.25/2.49 μg, P < 0 .004, 
and biotin,31.6/40.6 μg, P < 0 .01 . Vitamins K3, B6, Niacin, and C were 
not detected in the egg samples . Based on the experimental conditions 
of the present trial, it was concluded that the hen performance was not 
affected by the vitamin level in the feed . The vitamin level fed to the 
hens, yielded a significant increased concentration in the egg for the 
following vitamins; 25-OH-D3, VIT . E, Vit B12, and biotin .

Key Words: laying hen, vitamins

308   Effect of 25-hydroxycholecalciferol on single cycle 
laying hen performance, egg parameters, and well-being. Darrin 
Karcher*1, Cara Robison3, Todd Applegate2, and Omar Gutierrez4, 
1Purdue University, West Lafayette, IN, 2University of Georgia, 
Athens, GA, 3Michigan State University, East Lansing, MI, 4Huveph-
arma Inc., Peachtree City, GA.

Maximizing the number of sellable eggs during the production cycle 
while maintaining skeletal integrity in laying hens is a balancing act . 
The objective of the study was to evaluate the impact of 25-hydroxy-
cholecalciferol (Bio-D) on production, egg, and skeletal characteristics 
in early or late phase production of laying hens . Pullets were placed 
on 2 treatments either a control diet (con) or control + 34 .8 µg of 
25-hydroxyvitamin D3/kg diet (BD) . A total of 1,950 pullets were 
housed at 17 wk in 30 enriched colony cages with 65 birds per cage 
across 4 rooms . Upon housing at 17 wk, birds were continued on the 
same treatments but diets were formulated 15% lower in Ca and P than 
management guide recommendations (3 .62, 3 .4, 3 .52, 3 .71% Ca and 
0 .45, 0 .39, 0 .37, and 0 .33% non-phytate P from 1st egg to peak, post-
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peak to 90%, 89% to 85%, 85% or less, respectively) . At approximately 
45 wk, half of the con birds were switched to BD for the remainder of 
the production cycle . This resulted in 9 replicate cages, 585 hens, fed 
con-con, 9 cages, 585 hens, fed con-BD, and 12 cages, 780 hens, fed 
BD-BD . No diet main effect was observed across collected data . How-
ever, interactions between diet and 28d period was observed for hen 
day production (%), egg weight, and feed consumption (P < 0 .0001) . 
Eggs per hen housed resulted in 380 eggs for con-BD, 376 for BD-BD, 
and 363 for con-con with con-BD and con-con being different (P = 
0.02). No overall differences were observed in specific gravity, shell 
breaking strength, % shell, or BW between treatments (P > 0 .05) . The 
welfare quality assessments throughout the production cycle found no 
differences between diets with 70% of all laying hens having ideal keel 
bones . Therefore, Bio-D supplementation did not have an impact on egg 
or skeletal characteristics but resulted in 16 more eggs per hen housed 
when introduced at 45 wk of age .

Key Words: laying hen, phosphorus, calcium, vitamin D metabolite, 
well-being

309   Ascorbic acid biosynthesis and absorption in hens of dif-
ferent ages. Liping Gan*, Weiwei Wang, Qiqi Han, Hao Fan, and 
Yuming Guo, College of Animal Science and Technology, China Agri-
cultural University, Beijing, China.

Abstract: Vitamin C (ascorbic acid, AA), an essential nutrient, plays 
vital roles in various physiological process of hens which be synthesized 
in kidney . However, whether the ability of ascorbic acid synthesis, 
absorption and utilization by hens will change with age is still unknown . 
This study was conducted to compare the ascorbic acid synthesis, 
transportation and tissue concentration of ascorbic acid in young and 
old commercial Hy-line brown hens . Twenty-four young laying hens 
(30-weeks-old) and another 24 old laying hens (70-weeks-old) were 
respectively allocated into 12 cages at random, and received the same 
commercial diets without supplemental ascorbic acid . Tissue samples 
for detecting the renal L-gulonolactone oxidase (GLO) activity, tissue 
ascorbic acid concentration, distribution of sodium-dependent vitamin 
C transporter 1 and 2(SVCT1 and SVCT2), and dehydroascorbic acid 
(DHA) transporters GLUT1 and GLUT3 were collected after 4 weeks 
from both the old and the young laying hens . There are GLO gene 
expression in both liver and kidney, but there are no activity of ascorbic 
acid synthase detected in the liver . The old laying hens expressed higher 
(P = 0 .053) GLO mRNA in kidney than that of young ones but lower 
activity of ascorbic acid synthase (P = 0 .051) . The SVCT1 mRNA 
expression in the ileum and kidney was significantly higher in the old 
hens as compared with the young hens (P < 0 .05), it might indicate that 
the old hens have higher ability to absorb AA from the diet . The splenic 
GLUT1 expression was higher in the old hens than that in the young 
hens (P = 0.052). However, no significant difference was detected in 
hepatic DHA transporters expression between the young and old hens . 
The tissue AA concentration was also different between the young and 
old hens, as evidenced by the higher AA concentrations in the liver and 
spleen in the old hens compared with the young hens, which might be 
due to the increase in the rate of DHA conversion into AA in these sites . 
It is well known that the antioxidant capacity was weakened with age, 
the increased AA concentration in the liver and spleen may protect these 
organs against the damage by reactive oxygen species . In conclusion, 
the old laying hens have higher ability to absorb exogenous AA compar-
ing with the young laying hens, whereas lower ability to synthesis AA .

Key Words: ascorbic acid synthesize, ascorbic acid transporters, 
GLO, old laying hen

310   The influence of in ovo injection of carbohydrates, 
β-hydroxy-β-Metylbutyrate, and protein into embryonated eggs 
on the liver glycogen of neonatal broilers. Sedigheh Shahvali, 
Shaban Rahimi*, and Mohammad Amir Karimi Torshizi, Tarbiat 
Modares University, Tehran, Iran.

In ovo injection of nutrients is a modern approach for early feeding of 
avian which is undertaken in the final stage of embryonic period during 
the transfer of eggs from setter to hatcher . This study was conducted to 
determine the influence of in ovo injection of some nutrients into fertile 
eggs related to breeder broilers on liver glycogen of neonatal broilers . 
Two hundred and 80 fertile eggs (from ROSS 308 broilers) were assigned 
in a completely randomized design to 6 groups . Treatments consisted 
of: 1 . Non-injected, 2- Injection one mL of sterilized distilled water into 
amnion, 3-Amnion injection of 1 mL solutions of carbohydrates compris-
ing 2 .5% sucrose + 2 .5% maltose + 20%dextrin in a 5%saline solution, 
4- Injection one mL of Aminoven infant 10% to aminion, 5-injectetion 
1 mL of β-hydroxy-β-Metylbutyrate into amnion, 6- Injection one mL 
of carbohydrate +HMB into amnion . In ovo injection was undertaken 
into broad end of eggs by 21-guage needle with depth of 25 mm in d 19 . 
In ovo injection of protein and HMB contributed to significant increase 
in liver Glycogen at 2 d of age compared with controls . Furthermore, in 
ovo injection of carbohydrate, HMB and carbohydrate + HMB led to a 
drastic upsurge in liver glycogen compared with controls .

Key Words: in ovo injection, β-hydroxy-β-metylbutyrate, sucrose, 
multose, dextrin

311   High-pressure liquid chromatography method determi-
nation for organic feedstuffs. Darlene Bloxham*1, Mary Formo1, 
Rebekah Scott1, Ricardo Nunes2, and Gene Pesti1, 1University of 
Georgia, Athens, GA, 2Universidade Estadual do Oeste do Parana, 
Marechal Candido Rondon, PR, Brazil.

This study was conducted to establish a methodology for an accurate 
and minimally laborious determination of the choline content of feed 
ingredients . Established methods of choline may not be suited for all 
feed ingredients . Feed ingredients contain both water, fat soluble, and 
bound forms of choline . There are also feed constituents that may 
impede the extraction and therefore quantification of choline. Choline 
is a nutrient of interest in poultry because of prevention of perosis, and 
possible sparing of methyl groups for organic poultry production . Since 
choline is frequently bound this method has a 2-part digestion before 
derivatization . First, 0 .1g of ingredient is heated for 30 min 3mL of 1 
M NaOH at 115 ± 5°C followed by a 30 min 6mL of 1 M HCl at 115 
± 5°C . Samples were cooled and neutralized to a pH of 7 ± 1 . Samples 
were then frozen at −20°C until analysis. It was determined that a base 
followed by an acid digestion liberated the most choline . Samples were 
digested at 15, 30, 45, 60, and minutes (min) for both acid and base, 
there was no increase choline concentration after 30 min . Thirty min was 
determined to be the optimum digestion time (1891 vs 2981 at 15min vs . 
30min, P < 0 .01, 2981 30min, 2390 30min, 2580 60min, P > 0 .05) . To 
ensure that there was a complete digestion phospholipase D was added 
to samples and no difference in percent recovery was found with and 
without enzyme (83 .4%, 92 .9%, respectively P = 0 .33) . Samples were 
derivatized with 20μL of 1-naphthyl isocyanate to bind choline allow 
for quantification (excitation/emission 220/350) for fluoresce detection. 
Samples were analyzed isocratically at 0 .5mL/min using a strong cation 
exchange column . The mobile phase was 10 mmol/L tetramethylam-
monium hydroxide, 20 mmol/L glycolic acid and 15% water in 85% 
acetonitrile . Choline bitartrate (chol-bit) was used as a standard for the 
linear relationship from 0 to 1000μM (R2 0 .998) . To determine percent 
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recovery, samples were digested using 0 .1g as a baseline, 0 .2g, 0 .1g + 
phosphatidylcholine (PTC), and 0 .01g + chol-bit . The 0 .2g percent on 
average had a percent recovery of 97 .4 ± 5 .4% . PTC had the best per-
cent recovery of 100 .1 ± 8 .4 . Chol-bit had the highest percent recovery 

of 114 .5 ± 7 .62 . Recoveries were consistent across feedstuffs, so this 
method would be appropriate for quantifying total choline .

Key Words: choline, HPLC, organic, feedstuffs
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312   Yeast cell wall in broilers’ diets improves performance 
and reduces phosphorus in litter. Roberto Fornazier5, Daniela 
Rodrigues*1, Valdir Junior2, Luis Albino4, Fernando Tavernari3, 
Horacio Rostagno2, Diego Silva2, Mariane Marques2, Tarcisio Tiz-
ziani2, and Maurilio Junior2, 1Aleris, Jundiai, SP, Brazil, 2Viçosa 
Federal University, Viçosa, Minas Gerais, Brazil, 3Embrapa Swine 
and Poultry, Concórdia, Santa Catarina, Brazil, 4Viçosa Federal 
University, Viçosa, Minas Gerais, Brazil, 5University Estado de Santa 
Catarina, Chapecó, Santa Catarina, Brazil.

The purpose of this study was to evaluate the effects of ethanol fer-
mentation yeast cell wall (Saccharomyces cerevisiae), in an AGP-free 
broilers diet, on the performance of broilers (1 to 41d), on phosphorus 
and nitrogen concentration of litter after 41d and on carcass and noble 
parts yield . Six hundred forty 1-d-old Cobb broilers chicks were distrib-
uted in a complete randomized block design, with 4 treatments and 8 
replications of 20 birds each . The treatments were a control diet, without 
yeast cell wall (YCW), and crescent inclusions: 0 .5; 1 .0 or 1 .5kg/t of 
the YCW named MAXIMOS provide by Aleris Animal Nutrition . To 
simulate a challenging scenario, there was no disinfection of the facili-
ties before housing and the utilized litter was reused. During the first 
24 h, the chicks were forced to a restriction of feed and water, after this 
period the drinking water was contaminated twice a week with litter 
from a layer facility, until 21d . Data were submitted to ANOVA and 
orthogonal polynomials to determine linear and quadratic effects of 
YCW supplementation, using the PROC GLM procedure of SAS . There 
were no differences (P > 0 .05) of diets on feed intake, feed conversion, 
and viability . There were notable advantages in weight gain (WG), feed 
conversion (FC) and production efficiency index (PEI) of using YCW 
in broilers’ diets . From 1 to 21d the diets provided quadratics effects 
(P < 0 .05) to WG and FC, giving an ideal inclusion level of 1kg/t . For 
total phase, there were found linear effects (P < 0 .05) for WG, FC, and 
PEI . WG increased from 2337g to 2463g (5 .4%); FC reduced from 1 .72 
to 1 .59 (7 .3%) and PEI improved from 319 to 368 (15 .2%) for Control 
and 1 .5kg/t MAXIMOS, respectively . In the end of the trial, litter was 
evaluated and there were reductions in the content of nitrogen and phos-
phorus with increasing levels of YCW . The nitrogen content reduced (P 
= 0 .066, no statistical difference) from 1 .40 to 0 .86% and phosphorus 
reduced 51% (P < 0 .001), from 13 .1 to 6 .4% . The carcass and yield parts 
were not affected by the treatments (P > 0 .05) . The inclusion of ethanol 
fermentation yeast cell wall in broilers’ diets without antimicrobials 
growth promoters improves performance and provides environmental 
benefits reducing phosphorus content in the litter.

Key Words: AGP free, feed conversion, nitrogen, poultry, Saccharo-
myces cerevisiae

313   Effects of synbiotic supplementation on intestinal 
development and integrity of broilers. Chasity Pender*1, G . Raj 
Murugesan2, and Dawn Koltes3, 1Biomin America Inc., Manassas, 
VA, 2Biomin America Inc., San Antonio, TX, 3University of Arkansas, 
Fayetteville, AR.

As researchers and industry leaders search for an alternative to the use 
of sub-therapeutic antibiotics to help alleviate concerns of antibiotic 
resistance and satisfy consumer and regulatory demands, probiotics 
have received increased attention for their ability to improve enteric 
health in poultry . The objective of this experiment was to evaluate the 
effects of synbiotic (probiotic + prebiotic) supplementation on broiler 

intestinal development and integrity . A total of 300, day-old, Cobb 500 
broiler chicks were randomly assigned to one of 2 treatment groups, a 
non-treated control and a treated group supplemented with a synbiotic 
(PoultryStar meUS; 500 g/ton), each consisting of 3 replicate pens (50 
birds/pen) . On d 7, 14, 21, and 35, 8 birds per treatment were euthanized 
and duodenum, jejunum, and ileum samples were taken for histologi-
cal analysis (villus height, crypt depth, and villus height:crypt depth 
(VH:CD)), and ileal samples were collected for integrity measurements 
(transepithelial electrical resistance (TER) before and after lipopolysac-
charide (FITC-LPS) challenge) . Villus height was increased (P < 0 .05) 
in all 3 small intestinal segments in the first week of life for synbiotic 
group . On d 14, duodenal villi height was augmented (P < 0 .05) in the 
synbiotic fed birds . Increase in villus length continued in the ileum until 
d 35 for synbiotic group (P < 0 .05) . The TER for synbiotic fed birds 
increased (P < 0 .05) until d 35 while the TER for birds fed non-treated 
feed increased only until d 21, indicating enhanced integrity with synbi-
otic supplementation . Challenging with FITC-LPS increased (P < 0 .05) 
the TER in both groups on d 7, 14, 21, and 35 . Exposure to FITC-LPS 
increased (P < 0 .05) TER in the synbiotic group in comparison to the 
control group on d 35 . The change in TER was higher (P < 0 .05) in 
synbiotic group on d 21 and 35 suggesting synbiotic supplementation 
increased the resilience of intestinal tract in the face of a potential chal-
lenge . Overall, these results suggest that the synbiotic used in this study 
could be an effective means of improving intestinal development and 
integrity and allow the intestinal tract to adapt to pathogenic stressors, 
thus helping to prevent bacterial translocation and enteric diseases .

Key Words: probiotic, LPS, gut barrier function, TER, villus height

314   Effect of various sodium and chloride levels on the per-
formance of broilers fed diets with Lasalocid. Manuel Da Costa*1, 
Kalen Cookson1, Sam Hendrix2, Steve Davis2, Jon Schaeffer1, and 
John Dickson1, 1Zoetis, U.S. Poultry, Durham, NC, 2Colorado Qual-
ity Research, Wellington, CO.

The interactive effects of anticoccidial ionophores and dietary electrolyte 
levels on broiler performance are widely recognized . It is believed that 
this interaction is exacerbated with divalent ionophores . The objective 
of this study was to evaluate the performance of broilers fed 2 levels of 
Avatec (Lasalocid) in combination with 12 sodium (Na) and chlorine (Cl) 
ratios . A total of 3,840 d-old Cobb 500 males were placed in 192 pens 
divided in 8 blocks . Dietary treatments consisted of a factorial arrange-
ment of 2 levels of Avatec (90 and 125ppm), 4 levels of Na (0 .16, 0 .18, 
0.19 and 0.22%), and 3 levels of Cl (−20, equal and 20% of Na). The 
treatment levels were kept constant across the 3 dietary phases (starter: 
0 to 18 d; grower: 18 to 28 d; finisher: 28 to 42 d) with the exception of 
the 0 .18% Na, where there was a 0 .02% increase for each phase . Birds 
and feed were weighed at the end of each dietary phase for performance 
evaluation . Mortality was recorded daily for adjusted feed conversion 
ratio (FCR) calculation . Data were analyzed as a CRBD with pen as the 
experimental unit and repeated measures . No differences (P > 0 .050) 
were observed on BW and FCR at 18 d . At 28 and 42 d, birds fed high 
levels of Avatec were significantly lighter (P < 0 .001) with higher (P < 
0 .005) FCR than birds fed low levels . There was a Na by Cl interaction 
(P < 0 .001) on FCR at 28 and 42 d of age . At both high and low levels 
of Na, FCR was minimized when combined with high and low levels 
of Cl, respectively . When birds were fed high levels of Cl, increasing 
Na levels resulted in lower FCR . In conclusion, the Avatec level most 
commonly used commercially (90 ppm) resulted in better performance 
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than the high level (125 ppm) . This was especially evident at later stages 
of the growing cycle . Nevertheless, it should be considered that birds 
did not face any specific coccidiosis challenge herein; therefore, it might 
be advisable to base Avatec dose level considering coccidial challenge . 
In addition, the interaction of Na and Cl reveals that the ratios between 
these electrolytes may be as important as their absolute levels .

Key Words: Avatec, sodium, chloride, electrolyte, broiler

315   Validation of an alternative growth promoter, Presan-FY, 
under research and commercial broiler production conditions 
in North America. Kellie Hogan*1 and Gregory Page2, 1Trouw 
Nutrition, Dacula, GA, 2Trouw Nutrition Agresearch, Guelph, ON, 
Canada.

The present studies validated the use of Presan-FY (Selko Feed Addi-
tives), a commercially available blend of short chain fatty acids (SCFA), 
medium chain fatty acids (MCFA), slow release MCFA and a phytogenic 
compound, as an alternative growth promoter under US production con-
ditions and commercial conditions in Canada . The goal of these studies 
was to assess if Presan-FY could support broiler performance relative to 
BMD at prevention levels (55 ppm) . The controlled study was performed 
at Southern Poultry Research, Inc . in Athens, GA . A total of 3600 Ross 
708 male coccidiosis-vaccinated chicks were assigned to treatments 
pens on re-used litter. Broilers were grown to a final weight of approx. 
2 .5 kg (49 d) or 3 .6 kg (63 d), with one of 4 treatments: negative control 
(no AGP or Presan-FY); Presan-FY standard dose (1 .5 – 1 .0 – 0 .5 kg/t 
starter – grower – finisher); Presan-FY elevated dose (2.0 – 1.5 – 1.0 
kg/t starter – grower – finisher); or BMD. The results were analyzed 
using SAS 9 .4 software to assess multiple comparisons (ANOVA) . The 
observed body weight gains of the Presan-FY groups were comparable 
with the AGP group, and significantly higher than the negative control 
(P < 0 .05), with no dose-response effect to elevated levels of Presan-FY . 
The feed conversion ratio (FCR) of Presan-FY groups were similar to 
the BMD group, and significantly lower than the negative control group 
(P < 0 .001) . In the commercial study, 40 commercial straight-run Ross 
708 broiler flocks were placed between April–June 2016, and fed a com-
mercial feed program (Nicarb + Biocox in starter, Biocox in grower and 
finisher, with plain withdrawal), supplemented with Presan-FY (1.2 – 0.8 
– 0.4 kg/t starter - grower – finisher) or BMD (55 ppm/kg, all phases). 
Twenty-two flocks (614,550 broilers) were fed the Presan-FY program, 
while 18 flocks (514,692 broilers) were fed the BMD program, with a 
target weight of 2 .15kg . The results were analyzed using Minitab 16 
software (ANOVA). No significant differences in weight, FCR, mortal-
ity or condemnations were observed (P > 0 .10) . The results from these 
studies suggest that Presan-FY maintains performance in an AGP free 
production system in broilers over a range of market weights, under 
various production conditions .

Key Words: feed additives, broiler, organic acids, phytogenic 
compound

316   Male broilers fed corn-soy or wheat-milo-soy diets supple-
mented with the direct-fed microbial BiOWiSH MultiBio 3P over 
a 6-week period. Michael Sims*1, JoElla Barnes2, Richard Carpen-
ter2, Michael Showell2, and Josh Ison2, 1VA Diversified Research, 
Harrisonburg, VA, 2Biowish Technologies, Cincinnati, OH.

A 42-d complete randomized block design broiler floor pen study was 
conducted to compare live weights (LW), non-adjusted (FC) and mor-
tality adjusted (MAFC) feed conversion ratios, %mortality (MRT), and 
apparent digestibility values (ADV) of broilers fed diets supplemented 

with the direct fed microbial (DFM) BiOWiSHTM MultiBio 3P (BWSH) 
at 200 g/mT in starter feeds and 500g/mT on grower and finisher feeds. 
The BWSH contains Pediococcus acidilactici (>1 .0 × 108 cfu/g), 
Pediococcus pentosaceus (>1 .0 × 108 cfu/g), Lactobacillus plantarum 
(>1 .0 × 108 cfu/g) and Bacillus subtilis (>1 .0 × 107 cfu/g) . Study design 
consisted of corn-soy (USA) and wheat-milo-soy (AUS) diets with 
BWSH and without (CON) BWSH for a total of 4 treatment groups 
among 48 pens of 27 broilers/pen . Data were analyzed by Randomized 
Complete Block ANOVA and means separated by LSD Test (Statistix 
10, Analytical Software, Tallahassee, FL) . The 14d LW of USA+BWSH 
was significantly heavier (P ≤ 0.05) than USA+CON while at 14d and 
28d both were significantly heavier (P ≤ 0.05) than both AUS groups. 
The 42d LW of the AUS+CON was significantly lower (P ≤ 0.05) than 
the 2 USA groups with AUS+BWSH intermediate (P ≥ 0.05). The 14d 
and 42d FC and MAFC of the AUS+BWSH group were significantly 
lower (P ≤ 0.05) than those of the AUS+CON group. The 42d FC and 
the MAFC of the AUS+CON was significantly poorer (P ≤ 0.05) than 
all other groups and AUS+BWSH was significantly less efficient (P ≤ 
0 .05) than both USA groups . There were no differences (P ≥ 0.05) in 
MRT between each of the 4 groups at each day observed . The ADV 
of carbohydrates, digestible energy, dry matter, metabolizable energy 
and total digestible nutrients were only found to be significantly lower 
(P ≤ 0.05) in the USA+BWSH and AUS+CON finisher feeds than in 
USA+CON . There were no feed ADV Protein differences (P ≥ 0.05) 
observed during this study . Data from this study conclusively showed 
that the inclusion of BWSH at 200 g/mT in starter feeds increased to 500 
g/mT in the grower and finisher feeds results in broilers with improved 
performance as compared with non-supplemented broilers .

Key Words: BiOWiSH, broiler chicken, apparent digestibility value, 
direct fed microbial, performance

317   Bacillus subtilis 29784 improves performance of broilers 
fed different diets. Vincent Jacquier*1, Lamya Rhayat1, Pierre André 
Geraert1, Karoline Brinch2, and Estelle Devillard1, 1Adisseo, Com-
mentry, France, 2Novozymes, Bagsvaerd, Denmark.

Probiotics have been shown to increase animal performance, but can 
be sensitive to the substrates available for their development in the gut . 
Consequently, probiotic effects can be different depending on the source 
of cereals included in the diet . The objective of the present study was 
to investigate the effect of Bacillus subtilis 29784 on the performance 
of broilers fed either a corn and DDGS-based diet, or a corn/wheat and 
DDGS-based diet . This B. subtilis 29784 was compared with another 
B. subtilis, named X . A total of 3,120 one-day-old male broiler chicken, 
Cobb 500, were randomly allocated according to a factorial design to 
6 treatments (13 replicates of 40 birds) and reared until 42 d in floor 
pens . The experimental treatments were: T1, Control 1, a corn-based 
diet; T2, T1 + Bacillus strain 29784 at 1 .108 cfu/kg of feed; T3, T1 + 
Bacillus strain X (1 .108 cfu/kg of feed); T4, Control 2, a corn/wheat-
based diet; T5, T4 + Bacillus strain 29784 at 1 .108 cfu/kg of feed; T6, 
T4 + Bacillus strain X (1 .108 cfu/kg of feed) . Feed intake (FI) and body 
weight gain (BWG) were measured at 42 d and feed conversion ratio 
(FCR) were calculated . With a corn- and wheat-based diet, FCR was 
significantly improved for T5 (1.712; P = 0 .004) and for T6 (1 .731; P 
= 0.05) compared with T4 (1.766). FI was significantly reduced for T5 
versus T4 (4742 g vs . 4831 g; P = 0 .027) . On a corn-based diet, FCR 
of the group with B. subtilis strain 29784 (T2) was better compared 
with T1 (1 .699 versus 1 .738, respectively; P = 0 .05) . However, there 
was no difference in FCR with B. strain X (T3) when compared with 
T1. These results highlight the consistency of the efficacy of Bacillus 
strain 29784 on broiler performance, regardless of the main source of 
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cereal. It also confirms that strain specificity is very important when 
choosing probiotics .

Key Words: probiotic, Bacillus subtilis, broiler, consistency, cereals

318   Feeding the direct-fed microbial, Bacillus subtilis DSM 
32315, alters the cecal microbiome of broilers chickens. Rose 
Whelan*1, Kiran Doranalli1, German Jurgens2, Teemu Rinttilä2, and 
Juha Apajalahti2, 1Evonik Nutrition & Care GmbH, Hanau, Ger-
many, 2Alimetrics Ltd, Espoo, Finland.

Direct-fed microbials (DFM) may positively alter the intestinal microbi-
ome and prevent detrimental effects of dysbiosis on broiler performance . 
A DFM, Bacillus subtilis DSM 32315, was previously shown to improve 
the weight and FCR of broilers in a Necrotic Enteritis (NE) challenge 
and inhibit the growth of pathogenic Clostridium perfringens . The 
present study further investigated how the DFM affected the intestinal 
microbiome . Cecum digesta samples (20/treatment) were obtained from 
18 d broilers in a NE challenge . Samples were analyzed with %G+C 
microbial profiling which fractionates bacterial chromosomes based on 
the % of guanine and cytosine in DNA. The method revealed significant 
differences in the profiles between a negative control, antibiotic positive 
control and the DFM treatment in low (27 .0–34 .5%), mid (40 .5–54 .0%) 
and high (59.0–68.0%) %G+C fractions. 16S rRNA gene amplification 
and next generation sequencing was conducted (5 samples/treatment) 
on these fractions to elucidate specific bacterial family and species 
changes . Treatments were compared using a one-way ANOVA and LSD 
means (SAS v9 .4, SAS Institute) . The DFM had higher abundance of 
Lactobacillaceae family members than either control in both the low 
(P = 0 .03) and mid (P = 0 .01) %G+C fractions . The DFM fed birds 
specifically had greater abundance of Lactobacillus salivarius (P = 
0 .01) and Lactobacillus johnsonii (P = 0 .01) in the mid fraction . Cecal 
abundance of Lachnospiraceae in the mid fraction was reduced in the 
DFM treatment compared with the negative control (P = 0 .04) and of 
the species decreased some operational taxonomic units showed homol-
ogy to known mucin degrading bacteria . In the high %G+C fractions 
the positive control had a higher abundance of Coriobacteriaceae than 
either the DFM or negative control (P > 0 .01), and there was a tendency 
for an increased abundance of the Lactobacillaceae family (P = 0 . 08), 
specifically L. salivarius species (P = 0 .09) . The results of this study 
show that dietary inclusion of B. subtilis DSM 32315 in a NE chal-
lenge modified microbial populations in the cecum of broilers. These 
microbiome changes are hypothesized to positively impact the health 
and growth performance of broilers .

Key Words: DFM, necrotic enteritis, dysbiosis, microbiome, broiler

319   Bacillus subtilis 29784, a reliable efficacy in highly per-
forming broilers. Vincent Jacquier*, Lamya Rhayat, Pierre André 
Geraert, and Estelle Devillard, Adisseo, Commentry, France.

Most alternatives to antibiotics show their efficacy in under-performing 
animals . The present study demonstrates the potential of a reliable 
Bacillus-based probiotic to improve growth and feed conversion in 
highly performing birds . Also, the strength of a probiotic lies in its ability 
to show consistent improvement of performance, independently of the 
production batch . The objective of the present study was to evaluate the 
effect of the production batch on the efficiency of Bacillus subtilis 29784 
on the performance of highly performing broilers fed a corn-based diet . 
Four different production batches (A, B, C, D) of B. subtilis 29784 (Bs 
29784) were tested and added at 1 .108 cfu/kg of feed for each treated 
group . A total of 1,200 one-day-old male broiler chicken (Ross PM3) 

were randomly allocated according to 5 treatments (16 replicates of 15 
birds) and reared until 42 d in floor pens. The experimental treatments 
were: T1, Control; and T2 to T5 being the treated groups receiving B. 
subtilis 29784 in the form of A, B, C or D, respectively . Feed intake (FI) 
and body weight gain (BWG) were measured at 42 d and feed conver-
sion ratio (FCR) was calculated . At 42 d, FCR of all the Bacillus-treated 
groups was significantly improved compared with T1 (P ≤ 0.001), with 
improvements of 3 .3%, 3 .8%, 4 .4%, and 4 .2% respectively for T2, T3, 
T4 and T5 . BWG measured in all groups was greater than 3,100 g . 
Considering FCR as well as BWG, there was no difference between 
treatment groups. These results confirm that B. subtilis 29784 improves 
performance of highly performing broilers, by 3 .9% for FCR and by 
2.8% for BWG. In addition, the consistency of the efficacy of the B. 
subtilis 29784 is demonstrated throughout 4 different production batches .

Key Words: probiotic, Bacillus subtilis, broiler, batch production

320   Effect of a novel Bacillus subtilis (CHCC16872) based 
DFM on the performance of chickens with physiological intesti-
nal inflammation. Alfred Blanch*1, Dorthe Sandvang1, Line Skjoet-
Rasmussen1, Mickael Rouault1, Carlos Millán2, and Marta Gracia2, 
1Chr. Hansen A/S, Hørsholm, Denmark, 2Imasde Agroalimentaria, 
S.L, Pozuelo de Alarcón, Spain.

The objective of this study was to assess the effect of different dosages 
of a novel DFM strain of Bacillus subtilis, strain CHCC16872, (QH72) 
in a feed (mash form and rich in non-starch polysaccharides), on broiler 
performance under presumably physiological intestinal inflammation 
conditions . Eighteen hundred male Ross 308 broilers from one day old 
to 42 d of age were used and allocated at random to 6 dietary treatments: 
basal diet without any DFM (T1), basal diet + QH72 at 5 × 107 cfu/kg 
feed (T2), basal diet + QH72 at 2 × 108 cfu/kg feed (T3), basal diet + 
QH72 at 6 × 108 cfu/kg feed (T4), basal diet + QH72 at 2 × 109 cfu/kg 
feed (T5), basal diet + QH72 at 5 × 109 cfu/kg feed (T6) . Each treat-
ment was replicated in 12 floor pens of 25 birds each. Feeding periods 
were: starter (1 to 14 d of age), grower (15 to 28 d) and finisher (29 to 
42 d) . All diets were calculated to meet or exceed the nutrient require-
ments recommended by NRC (1994) . Feed and water were available ad 
libitum . Weight gain, feed intake and feed conversion ratio of each pen 
were assessed for each feeding period (0, 14, 28 and 42 d) and for the 
whole experiment . Mortality and weight of dead birds were recorded 
as it occurred. Furthermore, European Production Efficiency Factor 
(EPEF) was calculated at 42 d. During the starter period, no significant 
differences between treatments were observed . In the grower period, a 
linear and quadratic QH72 dose-response effect was observed in growth 
and FCR (P < 0 .001) . From 28 to 42 d of age, a linear and quadratic 
dose-response effect was observed in growth and feed intake (P < 0 .01) . 
Regarding the global period (0–42 d of age), T6 birds significantly grew 
faster than T1, T2 and T3 animals (P < 0 .01), exhibiting the other doses 
intermediates values (71 .8, 70 .8, 71 .8, 72 .4, 73 .9 ad 74 .4 g/d for T1 to 
T6, respectively). EPEF was significantly affected by dietary treatment 
(P < 0 .01) . The dose-response effect in the global period was both 
linear and quadratic for all the performance parameters evaluated (P < 
0 .05) . In conclusion, QH72 supplementation in broiler diets improves 
performance of chickens with intestinal inflammation during the whole 
fattening period .

Key Words: DFM, Bacillus, chicken, inflammation

321   Effects of ButiPEARL and PrimaLac used alone or in 
combination on 57-d broiler performance and processing. Dana 
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Dittoe*, Christopher McDaniel, Kelley Wamsley, Wei Zhai, and 
Aaron Kiess, Mississippi State University, Mississippi State, MS.

Separately, Lactic acid producing bacteria (LAB) and organic acids have 
been found to improve broiler performance when provided in diets . The 
combination may have the same potential; however, the combination has 
not been explored in literature . Thus, the objective of this study was to 
determine if the inclusion of an encapsulated butyric acid, LAB, or the 
combination of both products influence broiler performance when added 
to the diet throughout a 57 d growout . The 5 dietary treatments included 
a basal diet (C), the basal diet including ButiPEARL (B), the basal diet 
including PrimaLac (P), the basal diet including both ButiPEARL and 
PrimaLac (B+P), and the basal diet including an antibiotic, bacitracin 
methylene disalicylate (A) . All additives were included based on manu-
facturer recommendations . On d 0, 1440 d old male Ross × Ross 708 
chicks were obtained and placed into 80 floor pens (16 replicates, 18 
birds per pen) . Birds were provided feed and water ad libitum . Perfor-
mance data were collected at 0, 14, 28, 45, and 56 d . On d 14, birds were 
challenged with a 10X dose of a live coccidiosis vaccine . Processing 
data were collected on d 57 . Data were analyzed using a randomized 
complete block design and means were separated using Fishers protected 
LSD when P ≤ 0.05. No live performance differences were observed 
on d 14 or on d 56 of the experiment (P > 0 .05) . However, differences 
at 0–45 d demonstrated that birds fed P and A diets had increased BW 
gain (BWG) compared with B+P and C (P = 0 .009) . Additionally, birds 
fed A and P tended to have lower d 0–45 FCR (P = 0 .07) compared with 
birds fed C. Also, d 28–45 mortality was significantly reduced when 
fed diets containing A, B, P, or B+P, as compared with birds fed C (P = 
0.03). Significance was not found for most of the measured processing 
characteristics (P > 0 .05); however, wing yield was greater for birds fed 
P compared with birds fed B and C treatments but were similar to that 
of birds fed B+P and A (P = 0 .03) . Although there were no differences 
observed from d 0–56, the current study demonstrates the potential 
efficacy of using P to replace A in commercial diets, as birds fed P and 
A performed similarly from 0 to 45 d . As well, B+P did not prove to be 
effective in improving broiler performance as it did not demonstrate a 
positive effect on FCR or BWG .

Key Words: lactic acid producing bacteria, organic acid, broiler, 
performance

322   Effects of in-water synbiotic supplementation in laying 
hens challenged with Salmonella. Ashley Markazi*1, Amanda 
Luoma1, Revathi Shanmugasundaram1, G . Raj Murugesan2, Michaela 
Mohnl3, and Ramesh Selvaraj1, 1The Ohio State University, Wooster, 
OH, 2Biomin, San Antonio, TX, 3Biomin, Getzersdorf, Austria.

Salmonella contamination from poultry meat and eggs can lead to 
salmonellosis infection in humans, with symptoms including diarrhea, 
fever, and vomiting . In chickens, Salmonella infection stimulates an 
immune response including increased IgA and IgG antibodies . This 
study analyzed the inhibitory effect of a commercial synbiotic (Poul-
tryStar sol; BIOMIN) on immune response and bacterial colonization 
in laying hens with and without a Salmonella challenge . The synbiotic 
product consisted of probiotics Lactobacillus reuteri, Enterococcus 
faecium, Bifidobacterium animalis, and Pediococcus acidilactici, and 
the prebiotic fructo-oligosaccharide . The synbiotic was supplemented 
in the water from day of hatch to 28 weeks of age . Birds were either 
vaccinated or left unvaccinated at 14 and 16 weeks of age, and half the 
hens within the vaccinated treatment and all of the unvaccinated hens 
were challenged with Salmonella at 24 weeks of age, resulting in a 3 × 
2 factorial arrangement of treatments . Each treatment was replicated in 
24 feeders of 8 hens per replication . Results were analyzed using 2-way 
ANOVA followed by Tukey’s honest significant test when main effects 
were P < 0 .05 . Synbiotic supplementation decreased (P < 0 .05) plasma 
IgG levels compared with the control at 3, 10, and 24 d post-challenge 
in vaccinated birds by 25%, 12%, and 39%, respectively . Synbiotic 
supplementation increased (P < 0 .05) bile IgA levels compared with 
the control at 22 d post-challenge in vaccinated birds by 25% and 58%, 
respectively . Decreased plasma IgG levels may be due to the absence 
of systemic Salmonella infection in the birds . The enhanced local 
immune response in chickens supplemented with synbiotics (observed 
as secretory IgA in bile) suggest a positive resistance against Salmonella 
colonization and infection .

Key Words: intestinal health, probiotic, prebiotic, antibody, vaccine
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323   An investigation of the interaction between nutrient 
density and feed form on the growth performance and nutrient 
utilization in broilers. Mohammad Abdollahi*, Faegheh Zaefarian, 
and Velmurugu Ravindran, Monogastric Research Centre, Institute 
of Veterinary, Animal and Biomedical Sciences, Massey University, 
Palmerston North, New Zealand.

The objective of the present study was to investigate the interactive 
effects between dietary nutrient density and feed form on the growth 
performance and coefficient of apparent ileal digestibility (CAID) of 
nutrients in broiler starters . Five corn-soybean meal based diets, dif-
fering in apparent metabolizable energy and lysine by 100 kcal/kg and 
0 .48 g/kg respectively, were formulated and mixed . All diets were then 
divided into 2 equal batches. The first batch of each diet was used as 
unconditioned mash and the second batch was pelleted, resulting in a 
5 × 2 factorial arrangement of treatments . A total of 480 d-old male 
broilers (Ross 308) were allocated to 60 cages (8 birds/cage), and cages 
were randomly assigned to the 10 dietary treatments. A significant (P < 
0 .001) interaction between nutrient density and feed form was observed 
for weight gain, feed intake and feed per gain . While birds fed pelleted 
diets outperformed those fed mash diets at each nutrient density, the 
pellet-associated benefits were more pronounced at the lowest nutrient 
density . Increasing nutrient density decreased (P < 0 .001) CAID of 
starch from 0 .969 in very low density diets to 0 .943 in very high density 
diets, but increased (P < 0 .001) nitrogen digestibility from 0 .772 to 
0.811. No significant (P > 0 .05) effect of nutrient density on the CAID 
of fat and dry matter was found . Feeding pelleted diets, regardless of 
nutrient density, reduced (P < 0 .001) the CAID of nitrogen, starch, fat 
and dry matter . Overall, the present data showed that the magnitude of 
pelleting-induced benefits to broiler performance varies depending on 
nutrient density of the feed, with responses to pelleting decreasing as 
dietary nutrient density increases . Therefore, dietary nutrient density 
must be taken into account to achieve the desired levels of benefits 
associated with feeding pelleted diets .

Key Words: broiler, feed form, nutrient density, nutrient digestibility, 
performance

324   Effects of physical form and particle size of feed and pellet 
binder on performance, digestive tract development, ileal nutri-
ent digestibility, and intestinal histomorphology in broiler chicks. 
Mohammad Hossein Mohammadi Ghasem Abadi*1, Mahmoud 
Shivazad1, Hossein Moraveg1, and Mohammad Amir Karimi Tor-
shizi2, 1University of Tehran, Karaj, Alborz, Iran, 2Tarbiat Modares 
University, Tehran, Tehran, Iran.

This study was conducted to assess the effects of 2 physical forms (PF: 
mash: M or pellet: P) and particle sizes (PZ: small: S or large: L) of 
feed and 2 levels of pellet binder (PB: 0 or 3%), to spot the difference(s) 
between mash and poor or good pellet quality diets on performance, 
carcass characteristics, ileal digestibility of nutrients (crude protein: 
IDCP, ether extract: IDEE, organic matter: IDOM), intestinal histo-
morphology (IH) in broiler chicks . Two hundred and 56 male Ross 
308 chicks were randomly distributed in a completely random design 
with 2 × 2 × 2 factorial arrangement consist of: 1) M-SPZ-0% PB, 2) 
M-SPZ-3% PB, 3) M-LPZ-0% PB, 4) M-LPZ-3% PB, 5) P-SPZ-0% 
PB, 6) P-SPZ-3% PB, 7) P-LPZ-0% PB, 8) P-LPZ-3% PB . All the birds 
fed with the same starter and grower pellet diets from 0 to 24 d of age . 
Then, each of 8 treatments was fed to 8 replicates (4 bird/cage) with 

equal weight from 25 to 42 d of age . SPZ and LPZ were generated by 
hammer mill equipped with 2 and 6 mm sieve size, respectively . Diets 
were pelleted under short-term conditioning (STC; 65°C, 10 s . retention 
time) with die specification of 4 × 40 mm diameter to length. The results 
indicate that performance, IDCP, IDEE and IDOM were significantly 
(P < 0 .05) improved by feeding P-LPZ-3% PB diet in comparison 
to other treatments. PF had a significant effect (P < 0 .05) on partial 
weight of gizzard and pancreas and some IH parameters . In fact, feed-
ing P diet not only significantly (P < 0 .05) reduced partial weight of 
gizzard, pancreas, jejunum, partial length of intestinal, goblet number 
(GN) of duodenum and villi thickness and crept depth (CD) of jejunum 
but also increased villi high (VH) of duodenum. PZ had a significant 
effect (P < 0 .05) on jejunum CD, namely LPZ had reduce CD rather 
than SPZ. A significant interaction (P < 0 .05) between PF and PB was 
seen in IH, showing that P-3% PB had a significantly (P < 0 .05) lower 
CD in duodenum and higher VH: CD in duodenum and jejunum and 
M-3% PB had significantly (P < 0 .05) higher GN in ileum and lower 
VH in jejunum than other treatments . In conclusion, under STC using 
pellet form, LPZ and adding PB can enhance the broiler productivity 
on finisher phase of feeding.

Key Words: physical form, particle size, pellet binder, performance, 
broiler

325   Effect of extrudates of Bambara groundnut (Vigna subter-
ranean) and Pigeon pea (Cajanus cajan) on growth performance, 
organ weights and enzyme activity of meat-type chickens. Oluwa-
funmilayo Adeleye*, Olatomiwa Agunbiade, and Farayibi Damilola, 
University of Ibadan, Ibadan, Oyo, Nigeria.

Extrusion cooking, a high-temperature short-time processing technique 
holds promise for lowering enzyme inhibitor activities in grain legumes 
thus improving their feeding value . The effect of extrusion cooking of 
2 grain legumes; Cajanus cajan (Pigeon pea) and Vigna subterranean 
(Bambara groundnut) on growth performance, relative organ weights/
intestinal lengths and enzymatic activity in 35 d-old meat-type chicken 
were investigated in this study . Pigeon pea and bambara groundnut 
were milled and extruded at 2 temperatures (100°C and 140°C), 20% 
moisture and 60rpm screw speed in a single screw extruder . Six diets 
were formulated to contain 30% raw, 100°C or 140°C extrudates of 
bambara groundnut or pigeon pea. Two hundred fifty-two 1-d-old 
meat-type chicks were neck tagged, weighed and allotted to the 6 diets 
in 6 replicates, 7 birds each . Weight gain and feed intake (FI, g) were 
monitored weekly and feed conversion ratio (FCR) estimated . Relative 
pancreas, proventriculus, gizzard and liver weight (g) as well as duode-
nal, jejunal and ileal lengths (cm) were measured . Pancreatic amylase, 
chymotrypsin, trypsin and brush border disaccharidase activities were 
also assayed in the pancreas, ileal and jejunal digesta, and ileal and 
jejunal tissues respectively . Data were analyzed using ANOVA (P < 
0 .05) and pre-planned contrasts, elucidating the effect of extrusion (raw 
vs extruded;100°C and 140°C) and temperatures (100°C vs 140°C) 
on each grain legume investigated . Weight gain of chickens on both 
pigeon pea and bambara groundnut diets were not affected by extru-
sion or extrusion temperatures throughout the study period . However, 
FI significantly reduced and FCR improved with extrusion cooking 
and extrusion temperatures (P < 0 .05) for chickens on the pigeon pea 
diets throughout the study period . FI also reduced and FCR improved 
with extrusion cooking and extrusion temperatures for chickens on the 
bambara groundnut diets between 8 and 21d and 29–35d of age (FI: 
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604 .83 ± 0 .71g vs 530 .58 ± 6 .47g and 532 .20 ± 15 .36g respectively; 
FCR: 3 .89 ± 0 .15 vs 3 .25 ± 0 .17 and 3 .27 ± 0 .21 respectively) . Relative 
organ weights/lengths of intestinal segments as well as intestinal and 
brush border enzyme activity were not influenced by extrusion cook-
ing or extrusion temperatures . Extrusion of pigeon pea and bambara 
groundnut at different temperatures improved growth performance of 
meat-type chicken without influencing organ weights/relative gastro-
intestinal tract length and enzymatic activity .

Key Words: extrusion cooking, grain legumes, growth performance, 
meat-type chicken

326   Evaluation of processing methods on rubber (Hevea 
brasiliensis) seed meal for use as a potential feed ingredient in the 
diet of broiler chickens. Paschal Aguihe*2, Abiodun Kehinde2, Iván 
Camilo Ospina-Rojas1, and Alceu Hirata3, 1Universidade Estadual 
de Maringá, Maringá, Paraná, Brazil, 2Federal College of Wildlife 
Management, New Bussa, Niger, Nigeria, 3Universidade Estadual de 
Maringá, Maringa, Brazil.

A 42-d study was conducted to determine the effect of different pro-
cessing methods of rubber seed meal (RSM) which includes soaking, 
cooking, toasting and fermentation as substitute for soybean meal on 
performance, apparent nutrient digestibility, carcass and relative organ 
qualities of broilers . Three hundred 1-d-old Arbor Acre broiler chicks 
were randomly allotted to 5 dietary treatments containing the 4 dif-
ferent processed RSM (soaked, cooked, toasted and fermented RSM) 
and control diet without RSM, with 5 replications of 12 birds each in a 
completely randomized design . Experimental diets and clean water were 
provided ad libitum to the broilers from 1 to 42 d of age . A metabolic 
cage was carried out during the last 5 d of the study for collection of total 
excreta using 3 birds per pen . At 42 d, 2 birds were randomly selected 
from each pen and slaughtered to evaluate carcass and organ qualities . 
All data were analyzed using the GLM procedure of SAS software . 
Reduction in the level of hydrogen cyanide (HCN) was 49 .99, 65 .63, 
80 .27, and 85 .69% for soaking, toasting, fermentation, and cooking of 
rubber seeds respectively relative to the fresh seed . The results showed 
that birds fed cooked and fermented RSM recorded higher (P < 0 .05) 
average daily gain and average daily feed intake with improved feed:gain 
ratio than those on toasted and soaked RSM group compared with the 
control group . The cost/kg weight gain of birds fed cooked and fermented 
RSM diets was lower (P < 0 .05) than the groups fed control, toasted 
and soaked RSM diets . With the exception of apparent crude protein 
digestibility which was lower (P < 0 .05) in the group fed soaked RSM, 
other nutrient variables were comparable (P > 0 .05) among the control 
and other processed RSM diets . Carcass traits and relative organ weights 
were improved (P < 0 .05) and comparable among the control, cooked 
and fermented RSM groups than the soaked and toasted RSM group . 
Cooking and fermentation processes improve the nutritive potentials of 
rubber seed than soaking and toasting . Birds fed cooked and fermented 
RSM maintained superior performance and better carcass quality at 
higher savings in terms of cost/kg gain .

Key Words: rubber seed meal, processing, performance, carcass, 
broiler

327   Effects of feed particle size and pellet binder on physi-
cal pellet quality parameters, performance, ileal digestibility 
of nutrients, dietary apparent metabolizable energy, and cecal 
microflora population in broiler chicks. Mohammad Hossein 
Mohammadi Ghasem Abadi*1, Mahmoud Shivazad1, Hossein 
Moraveg1, and Mohammad Amir Karimi Torshizi2, 1University of 

Tehran, Karaj, Alborz, Iran, 2Tarbiat Modares University, Tehran, 
Tehran, Iran.

This study was conducted to assess the effects of 2 feed particle sizes 
(PZ: 618 GMD ± 2 .0 GSD as small PZ: SPZ or 807 GMD ± 2 .2 GSD 
as large PZ: LPZ) and 2 levels of pellet binder (PB: 0% or 3% included 
2% active sodium bentonite plus 1% sugar beet molasses) on physical 
pellet quality parameters (pellet durability index: PDI and pellet hard-
ness: PH), performance, ileal digestibility of nutrients (crude protein: 
IDCP, ether extract: IDEE, organic matter: IDOM), dietary apparent 
metabolizable energy corrected for nitrogen (AMEn) and cecal micro-
flora population in broiler chicks. One hundred twenty-eight male Ross 
308 chicks were randomly distributed in a completely random design 
with 2 × 2 factorial arrangement consist of: 1) SPZ-0% PB, 2) SPZ-3% 
PB, 3) LPZ-0% PB, 4) LPZ-3% PB . All the birds fed with the same 
starter and grower pellet diets from 0 to 24 d of age . Then, each of 8 
treatments was fed to 8 replicates (4 bird/cage) with average body weight 
936 ± 24 g from 25 to 42 d of age . Diets were pelleted under short-term 
conditioning (65°C, 10 s. retention time) with die specification of 4 × 
40 mm diameter to length. The results indicate that PB had a significant 
effect (P < 0.05) on PDI. Supplementing PB significantly increased 
PH especially on LPZ diets . In LPZ diets, as the PH increased, feed 
intake and live weight were significantly improved (P < 0 .05) . PZ had 
a significant effect (P < 0 .05) on feed conversion ratio (FCR) . In fact, 
LPZ in comparison to SPZ significantly improved (P < 0 .05) FCR . PB 
had a significantly positive effect (P < 0 .05) on AMEn, IDCP, IDOM 
and cecal coliform population. Moreover, PZ had a significant effect 
(P < 0.01) on IDOM. A significant interaction (P < 0 .01) between PZ 
and PB was seen in IDEE and cecal lactic acid bacteria (LAB) and 
Clostridia population, showing that LPZ-3% PB had a significantly (P 
< 0 .05) higher IDEE and lower cecal Clostridia population and also 
LPZ-0% PB had higher cecal LAB population than other treatments . 
In conclusion, under short-term conditioning increasing feed PZ and 
physical pellet quality by PB will result in good pellet production and 
better broiler performance from 25 to 42 d of age .

Key Words: feed particle size, pellet binder, performance, AMEn, 
broiler

328   Dietary supplementation of microalgal astaxanthin 
produced dose-dependent enrichments of the phytochemical and 
improved redox status in tissues of broiler chicks. Tao Sun*1, Ran 
Yin1, Andrew Magnuson1, Guanchen Liu1, Samar Tolba1, Sandip 
Shinde2, and Xingen Lei1, 1Cornell University, Ithaca, NY, 2Heliae 
Development, Gilbert, AZ.

Astaxanthin is a well-known antioxidant phytochemical . The pres-
ent study was to determine if astaxanthin present in microalgae was 
bioavailable to broiler chicks and affected their growth performance, 
antioxidant status, and quality and fatty acid profiles of meat. A total 
of 240 (day-old) Cornish male broiler chicks were housed in an 
environmentally-controlled room (6 cages/treatment, 8 chicks/cage), 
and fed a corn-soybean meal basal diet supplemented with microalgal 
(Haematococcus pluvialis) astaxanthin (Heliae, Gilbert, AZ) at 0, 10, 
20, 40, and 80 mg/kg for 6 wk . Growth performance were recorded 
weekly . Blood samples were collected at wk 3 and 6 (2 chicks/cage) 
and liver, breast, and thigh samples were collected (2 chicks/cage) for 
biochemical and meat quality analysis . Data were analyzed by one-way 
ANOVA . Supplemental astaxanthin did not affect body weight gain or 
feed intake, but decreased (P < 0 .05) gain/feed ratio . Plasma activities 
of alanine aminotransferase, alkaline phosphatase, and tartrate-resistant 
acid phosphatase, concentrations of inorganic P, and profiles of lipids 
at wk 3 or 6 remained largely unaffected by the diet treatments . There 
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were dose-dependent elevations (linear or polynominal, R2 > 0 .9, P < 
0 .05) of astaxanthin and total carotenoids in the plasma and 3 tissues 
with increasing dietary astaxanthin supplementation . The highest con-
centrations of astaxanthin reached 218 μg/mL in the plasma and 5.8, 
2 .2, and 2 .1 mg/kg in the liver, breast, and thigh, respectively . Similar 
enhancements (P < 0 .05) of oxygen radical absorbance capacity in 
the tissues were also detected . In contrast, supplemental astaxanthin 
decreased (P < 0 .05) glutathione concentrations and(or) glutathione 
peroxidases activities in the liver, breast, and(or) thigh . There were no 
consistent effects of diets on meat quality or fatty acid profiles of breast 
and thigh muscles except for the dose-dependent color changes of the 
appearance by supplemental astaxanthin . In conclusion, supplemental 
dietary microalgal astaxanthin was bioavailable to the broiler chicks 
and led to dose-dependent depositions of the phytochemical, improved 
redox status, and coordinated changes of the endogenous antioxidant 
defense in the plasma and(or) tissues, but decreased feed use efficiency.

Key Words: astaxanthin, antioxidant, meat quality, microalgae, lipid

329   Effects of dietary rapeseed meal on laying performance, 
egg quality, and nutrient digestibility in laying hens. Liping 
Zhu*, Jianping Wang, Xuemei Ding, Qiufeng Zeng, Shiping Bai, 
and Keying Zhang, Animal Nutrition Institution, Chengdu, Sichuan, 
China.

The objective of this trial was to investigate the effects of rapeseed meal 
(RSM) on laying performance, egg quality, and nutrient digestibility 
in laying hens and the recovery of laying performance after 4 weeks 
withdrawal of RSM . A total of 900 30-week-old Lohman pink-shelled 
laying hens were randomly assigned to 6 dietary treatments with 10 
pens per treatment . Six isoenergetic and isonitrogenous diets contain-
ing 0, 5 .88, 11 .76, 17 .64, 23 .52, and 29 .40% of RSM were formulated 
on a digestible amino acid basis. The Gls of RSM was 15.62 μmol/g. 
The trial lasted for 16 weeks including 12 weeks accumulation phase 
and 4 weeks withdrawal phase by feeding the basal diet . During the 
accumulation phase, the egg production, average egg weight and ADFI 
were decreased with the dietary RSM level increase in a linear manner 
(P < 0 .01), but the feed to egg ratio was increased linearly (P < 0 .01) . 
There was no difference in mortality among the treatments (P > 0 .05) . 
The digestibility of dietary dry matter, nitrogen and AME was decreased 
with the RSM level increased in a linear way (P < 0 .001), and the appar-
ent amino acid digestibility was decreased linearly (P < 0 .001), except 
for Ile and Gly (P > 0 .05) . Dietary RSM did not affect the thickness of 
eggshell (P > 0 .05) except that the eggshell strength was the highest 
at 11 .76% RSM (P < 0 .01) at 12 week . The egg albumen height and 
haugh unit was decreased in a linearly manner (P < 0 .001), and the egg 
yolk color showed a linear increasing (P < 0 .01) during 1 to 12 week . 
After a 4-week withdrawal of RSM, there was no difference in laying 
performance and egg quality when compared with the control group 
(P > 0 .05) . Results suggested that hens’ dietary RSM level should be 
lower than 11 .76% (1 .84 µmol Gls/g diet), and a 4-week withdrawal of 
RSM should be considered .

Key Words: rapeseed meal, laying hen, egg production performance, 
egg quality, nutrient digestibility

330   Mycotoxin prevalence in the 2016 US corn crop. G . Raj 
Murugesan*1, Chasity Pender1, Erika Hendel1, Paige Gott1, and 
Timothy Jenkins2, 1Biomin America Inc., San Antonio, TX, 2Biomin 
Holding GmbH, Getzersdorf, Austria.

Mycotoxins, toxic secondary metabolites produced by common molds 
infecting grains and forages, can contaminate feed ingredients . The nega-

tive effects on livestock are dependent on the level, type, and duration 
of mycotoxin exposure as well as the age, species, and general health 
status of the animal . The current study’s objective was to determine 
the occurrence and potential risk of mycotoxins to livestock species in 
the 2016 US corn crop in comparison with the previous year . In total, 
318 corn samples from 25 states (2015 harvest) and 387 corn samples 
from 26 states (2016 harvest) were submitted for analysis as part of the 
annual Biomin PROcheck Mycotoxin Survey . Samples were analyzed 
by the liquid chromatography tandem mass spectrometry (LC-MS/MS) 
technique for the presence of 6 major groups of mycotoxins: type B 
trichothecenes including deoxynivalenol (DON), fumonisins (FUM), 
zearalenone (ZEN), aflatoxins (Afla), type A trichothecenes including 
T-2 toxin (T-2), and ochratoxin A (OTA) . A summary of results is pro-
vided in Table 1 . Individual toxin levels and co-occurrence from each 
year were compared using non-parametric tests (GraphPad Prism) . In 
the 2016 sample pool, 90% of the corn samples had at least one myco-
toxin detected compared with 85% in 2015 corn, while co-occurrence 
of more than one mycotoxin increased from 46% in 2015 to 67% in 
2016 (P < 0 .001) . Additionally, 2016 corn had higher contamination 
levels of toxins produced by Fusarium fungal species (DON, FUM, 
and ZEN; P < 0 .001) as 21% of samples tested positive for all 3 toxins . 
Co-occurrence of mycotoxins can result in more severe detrimental 
impacts on animal health and performance . The median of positives 
also were increased in 2016 compared with 2015 (196% for DON, 
378% for FUM, and 152% for ZEN) . The high prevalence as well as 
large number of samples contaminated above the FDA recommended 
level (42% of samples over 1,000 ppb) positions DON as the greatest 
mycotoxin threat to livestock from the 2016 US corn harvest . However, 
the high prevalence of co-occurrence suggests FUM and ZEN are also 
present significant risks to bird health.

Key Words: trichothecene, deoxynivalenol, zearalenone, fumonisin, 
cooccurrence

331   Occurrence of mycotoxins in US corn distillers dried 
grains with solubles (DDGS). G . Raj Murugesan*1, Chasity Pender1, 
Erika Hendel1, Paige Gott1, and Timothy Jenkins2, 1Biomin America, 
Inc., San Antonio, TX, 2Biomin Holding GmbH, Getzersdorf, Austria.

Distillers dried grains with solubles (DDGS), a by-product of the ethanol 
industry, is commonly used as a feed ingredient for poultry species . 
Mycotoxins present in the original corn become concentrated in the 
resulting DDGS during ethanol production . Mycotoxins, secondary 
metabolites produced by molds infecting crops such as corn, can sig-
nificantly compromise animal health. Severity of the negative effects 
associated with these toxins is dependent on the level, type, and duration 
of exposure and the age, species, and general health status of animals . 
The objective of the current study was to determine the occurrence of 
mycotoxins in US corn DDGS samples and to evaluate the potential 
risk posed to livestock . Seventy-nine corn DDGS samples from 14 
states were submitted for analysis between 2015 and 2016 . Samples 
were analyzed using liquid chromatography tandem mass spectrom-
etry (LC-MS/MS) for the presence of 17 mycotoxins from the 6 major 
mycotoxin groups: type B trichothecenes including deoxynivalenol 
(DON), fumonisins (FUM), zearalenone (ZEN), aflatoxins (Afla), type 
A trichothecenes including T-2 toxin (T-2), and ochratoxin A (OTA) . 
All samples analyzed were contaminated with at least one mycotoxin 
while 96% had more than one mycotoxin (cooccurrence) detected . Cooc-
currence may intensify the negative effects of each mycotoxin present . 
Toxins produced by Fusarium fungal species were highly prevalent: 
100% for DON, 88% for FUM, and 71% for ZEN, while the median of 
positives for DON was 2,400 ppb and FUM was at 2,600 ppb . Due to 
the high prevalence (100%) and large number of samples contaminated 
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beyond the FDA recommended level (81%), DON poses the greatest 
threat from US corn DDGS samples .

Key Words: trichothecene, deoxynivalenol, zearalenone, fumonisin, 
cooccurrence

332   Influence of origin of the bean on the chemical composi-
tion, particle size, and color of soybean meal. Lourdes Cámara, 
Guillermo Fondevila, Pablo Álvarez, Diego Rodríguez, Paloma 
García-Rebollar, and Gonzalo Mateos*, Universidad Politécnica de 
Madrid, Madrid, Spain.

A total of 79 soybean meal (SBM) samples from Argentina (ARG; n 
= 44), Brazil (BRA; n = 18), and USA (n = 17) were collected for 2 
consecutive years at arrival of the vessel to European ports to study the 
effects of soybean origin on the chemical composition (DM, ash, CP, 
amino acid profile by NIR, EE, CF, NDF, sucrose, raffinose, stachyose, 
and, macro and trace minerals) and protein quality variables [KOH 
solubility (%), protein dispersability (PDI, %), urease activity (UA, 
mg N/g), trypsin inhibitor activity (TIA, mg/g DM), and heat damage 
index (HDI)] . In addition the particle size distribution and the geometric 
mean diameter ± Log normal SD (GMD ± GSD) and color [lightness 
(L*), redness (a*), and yellowness (b*)] of the samples was determined . 
Data were analyzed using the Mixed procedure of SAS with origin of 
the beans as main factor . On DM basis, ash content was higher for the 
ARG meals than in the USA meals with BRA meals being intermedi-
ate (P < 0 .05) . Brazilian meals had more protein than ARG and USA 
meals (P < 0 .01) . EE content was higher for the USA meals than for 
the ARG meals with BRA meals being intermediate (P < 0 .05) . Crude 
fiber was not affected by the origin of the meals, in spite of the higher 
CP content of the BRA meals . Stachyose and sucrose were higher (P 
< 0 .001) for the USA meals than for the BRA and ARG meals . The K 
content was higher (P < 0 .001) for ARG meals than for the BRA and 
USA meals, whereas Fe content was higher (P < 0 .001) in BRA meals 
than in ARG and USA meals . USA meals had more Arg, Lys, Met+Cys, 
and Trp per unit of protein (% CP) than BRA meals (P < 0 .01) with 
ARG SBM being usually in an intermediate position . As a result, the 
percentage of the 5 critical AA in the protein fraction was higher for the 
USA meals than for BRA meals . PDI, KOH, and TIA values were higher 
for the USA and BRA meals than for the ARG meals (P < 0 .001) . Heat 
damage index, a measurement of Maillard reactions, was lower for the 
USA meals than for the ARG meals, and lower both than for the BRA 
meals . Brazilian meals had higher GMD (P < 0 .001) than the ARG and 
USA meals . USA meals had greater L* and lower a* values (P < 0 .001) 
than BRA meals . In summary, chemical composition, protein quality, 
particle size, and color of the meals varied widely with the origin of the 
beans, which may affect the protein quality and nutritive value of SBM 
depending on soybean origin .

Key Words: amino acid profile, color, particle size, protein quality, 
soybean origin

333   Effect of early feed restriction and dietary inclusion of hot 
red pepper (Capsicum annuum L.), garlic (Allium sativum L.) and 
moleita baladi (Sonchus oleraceus) on broiler performance. Mutaz 
Mahmoud*, Edris Mohammed, Rasheeda Ibrahim, Dar Elsalam 
Widaa, Laila Ali, and Mahmoud Dagarsho, University of Gezira- 
Faculty of Animal Production, Wad Medani, Gezira, Sudan.

A (3 × 4) factorial experiment was conducted in a completely random-
ized design with 3 early feed restriction programs (F0 without feed 
restriction, F1 feed restriction for 12 h and F2 feed restriction for 24 

h) and 4 dietary inclusions of spices (G0 without inclusion of spices, 
G1 garlic, G2 red hot pepper and G3 Moleita baladi) to study the effect 
of early feed restriction and dietary incorporation of some spices on 
broiler performance . A total of 12 treatments were employed and each 
treatment was replicated 3 times with 10 birds each . Feed consumption, 
weight gain and feed conversion ratio (FCR) were recorded . At the end 
of the experiment, 2 birds from each experimental unit were selected 
according to their closed to average weight of the experimental unit and 
slaughtered . Carcass weight, weights of some internal organs and cuts 
were measured . Blood samples were collected for determination of cho-
lesterol, triglycerides and protein . All the data obtained were statistically 
analyzed using ANOVA . The results showed that feed consumption, 
weight gain and FCR were affected by experimental treatments (P ≤ 
0 .01) . The greatest feed consumed was reported with birds fed ad libi-
tum basis . The birds fed on diets containing hot pepper had the greatest 
value of feed consumption, while the birds fed on diets without spices 
had the lowest value . The same pattern of results were observed with 
weight gain . Birds exposed to early feed restriction for 24 h (F2) had the 
heaviest weight gain value . Feed conversion ratio was improved when 
birds exposed to early feed restriction . The best FCR was reported with 
birds fed on diets without spices. Carcass weights were influenced by 
early feed restriction (P ≤ 0.05). Internal organs weights (liver, spleen, 
pancreas and gizzard) were not affected by experimental treatments . 
There was no significant effect (P ≥ 0.01) of feed restriction treatments 
on blood protein . However, the dietary spices treatments affected the 
blood protein . The highest and the lowest blood protein values were 
recorded with garlic and moleita treatments, respectively . Blood cho-
lesterol was not affected by different treatments . Blood triglyceride was 
influenced only by spices treatments. These results indicate that dietary 
inclusion of hot red pepper and early feed restriction for 24 h for broiler 
chicks elevated the body and carcass weights .

Key Words: early feed restriction, spices, broiler, performance

334   Effects of the inclusion of xylanase and protease on growth 
performance and nutrient retention in broilers fed wheat or 
maize as the main component of the diet. Guillermo Fondevila1, 
Lourdes Cámara1, Vanessa Chugcho1, Joan Archs1, Adam Smith2, 
and Gonzalo Mateos*1, 1Universidad Politécnica de Madrid, Madrid, 
Madrid, Spain, 2DSM Nutritional Products (UK) Ltd, Heanor, United 
Kingdom.

The effects of including a xylanase (RONOZYME WX, DSM Nutri-
tional Products) and a protease (RONOZYME ProAct, DSM Nutritional 
Products), individually or in combination, into the diet was studied in 
broilers fed either wheat or corn . There were 12 treatments organized as 
a 3 × 2 × 2 factorial, with 3 cereals: wheat with 11 .0% CP (LPW), wheat 
with 12 .3% CP (HPW), and corn, 2 levels of xylanase (0 or 150 ppm), 
and 2 levels of protease (0 or 200 ppm) . Each treatment was replicated 
6 times (n = 8 chicks) . Birds were fed their respective experimental diets 
(96% cereal plus phytase and 4% of a N free diet) from 16 to 21 d of 
age . Growth performance, total-tract apparent retention of DM, organic 
matter, CP, and gross energy, and AMEn of the diets were measured 
in this period . No interactions among main effects were observed for 
growth performance traits . Broilers fed the corn based diet showed 
lower BW gain and poorer FCR (P < 0 .001) than broilers fed the wheat 
based diets, probably because of the reduced indispensable AA content 
of the corn . However, nutrient retention and AMEn were greater for 
the corn (P < 0 .001) . Enzyme supplementation improved FCR (4 .60 
vs 4 .25; P < 0 .001 for xylanase and 4 .53 vs . 4 .32; P < 0 .05 for protease 
as main effects) . Also, both enzymes improved BW gain of the birds, 
but the differences were significant only with xylanase inclusion (P < 
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0 .01) . Enzyme supplementation increased nutrient retention and AMEn 
of all cereals but the differences were significant only for the wheat 
diets (P < 0 .001 and P < 0 .05 for the xylanase and protease interaction, 
respectively) . In conclusion, both xylanase and protease supplementa-
tion improved nutrient retention and growth performance of the birds, 
with benefits being more evident for the wheats than for the corn. The 
combination of the 2 enzymes did not result in any further significant 
improvement of the variables studied over the individual enzymes .

Key Words: corn, nutrient retention, protease, wheat, xylanase

335   Recreating geophagy in captivity in broiler chickens by 
inducing dietary sodium salt deprivation. Elise Voltura, Kimberly 
Gardner*, Holleigh Hollis, Hector Leyva-Jimenez, and Christopher 
Bailey, Texas A&M University System, College Station, TX.

Geophagy, the consumption of earthen material, is a behavior docu-
mented around the world in humans and animals alike . One of the 
most spectacular examples of avian geophagy occurs in the Amazonian 
rainforests of Peru where thousands of birds (mainly Psittacines and 
Galliformes) gather at “claylicks” daily during the breeding season to 
feast on very specific soils. Claylick feeding occurs throughout the year 
in a more dispersed fashion. Based on analyses of claylick soil profile 
mineral contents, natural diets, and other information, we hypothesize 
soils are consumed as a sodium supplement (mean Na+ of preferred soils 
= 1165 ppm), which is severely limited in the natural diet (Na+ as low 
as 100 mg/kg) due the region’s geographical location . The goal of this 
study was recreate geophagy in captivity based on an analog dietary 

sodium salt deprivation/sodium enriched soil supplement model . We 
conducted 3 small pilot experiments using adult Quaker Parrots (Myi-
opsitta monachus) (n = 20) and developing Ross 308 broiler chicks 
(Gallus gallus domesticus) (n = 34, n = 48) . We developed 2 sets of 
diets, one low energy density diet for the parrots (2850 kcal/kg ME, 
16% protein) and one high energy density for the broilers (3050 kcal/
kg ME, 22% protein) . Each diet had 2 treatments, one with a standard 
sodium concentration (0 .20% Na+) and one with low sodium concen-
tration (0 .03% Na+) . We fed various combinations of the 2 diets and 
a sodium-enriched soil supplement (2500 ppm Na+) (i .e ., low sodium 
diet with and without soil, standard sodium diet with and without soil) . 
Consuming 3% body weight in soil daily had the potential to double 
daily sodium intake . We monitored soil consumption, body weight, 
feed consumption weekly . In the Quaker Parrot experiment (30 d), we 
observed variations in soil consumption (NS) and differences in body 
weight changes (P < 0.05) between treatment groups. In the first broiler 
experiment (14 d), we observed variations in soil consumption (NS) 
and differences in weight gain (P < 0 .03), body weight (P < 0 .004), 
cumulative feed conversion (P ≤ 0.01) between treatment groups. In 
the second broiler experiment (21 d), we observed differences in soil 
consumption (P ≤ 0.001), weight gain (P < 0 .001), and feed conversion 
(P < 0 .011) . We conclude geophagy can indeed be driven by dietary 
sodium deprivation; however, sodium deprivation may need to occur 
for an extended period before the body’s reserves are depleted enough 
to initiate the behavior .

Key Words: geophagy, salt, sodium, broiler, parrot
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Metabolism and Nutrition: Feed Additives I

336   The effects of drinking water additives on performance 
and intestinal microbiota in broilers. Petra Roubos van den Hil*1, 
Mark Davids1, and Ana Isabel Garcia-Ruiz2, 1Trouw Nutrition, Box-
meer, Netherlands, 2Trouw Nutrition, Cassarubios del Monte, Spain.

Drinking water additives (DWA) based on short chain fatty acids (SCFA) 
effectively reduce the pH in the water and stomach, supporting digestion . 
Modifications of the intestinal microbiota due to the use of DWA can 
be expected. The objective of this study was to determine the efficacy 
of DWA on growth performance and intestinal microbiota of broilers 
reared under research and low hygiene conditions . A total of 2120 Ross 
308 cockerels were divided over 4 dietary treatments (10 replicates/
treatment; 53 birds/pen) in a 2x2 full factorial design: Control vs . DWA 
(Selko-pH, Trouw Nutrition, The Netherlands) and research vs . low 
hygiene conditions (LHC) . Low hygiene conditions were created by 
litter removal from the previous study without cleaning the barn . DWA 
was provided at 1 l/m3 (d 1–3), 1 .3 l/m3 (d 4–6) and 1 .5 l/m3 (d 7–35) . 
A standard feed program (meeting all nutritional requirements) was fed 
to all treatment groups, and water was provided ab libitum . Body weight 
(BW) and feed intake (FI) were determined at d 10, 25 and 35 . At d 19, 
10 birds per treatment of the LHC group (1 per pen) were necropsied 
and the intestinal content of the duodenum, ileum and cecum was col-

lected . The microbial composition of these samples was determined 
by analyzing 16S rRNA gene amplicons via Illumina sequencing . 
Data were analyzed using a combination of mothur and USEARCH . 
Growth performance data were analyzed using PROC GLM procedure 
of SAS . Over the complete study period (0–35 d), DWA showed a sig-
nificantly higher (P < 0 .001) daily weight gain than the control group 
(63 .9 g/day vs . 60 .3 g/day, respectively) . Additionally, daily feed intake 
increased by 5 .5% (P < 0 .001) . LHC negatively impacted (P < 0 .001) 
the growth of the birds (62 .0 g/day vs . 63 .3g/day) . DWA and hygiene 
interactions on performance parameters were only observed between 
d 0–10 . Mortality was not affected by DWA treatments or hygienic 
conditions. DWA administration significantly lowered the abundance of 
Streptococcus compared with the control group at all 3 intestinal sites . 
Microbial community structures of the small intestine showed strong 
correlation with the body weight of the individual animals, mainly due 
to changes within the Lactobacillus population . In conclusion, water 
additives can effectively improve growth performance in both hygiene 
conditions . These improvements may partially be attributed to DWA 
induced changes of the intestinal microbiota .

Key Words: broiler, water additive, intestinal microbiota, growth 
peformance
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337   Efficacy of a specific composition of short- and medium 
chain 1-monoglycerides in controlling Clostridium perfringens 
induced necrotic enteritis in broiler chickens. Manuela Parini*2, 
Giovanni Tosi3, Michael Coelho1, Arianna Buccioni4, and Alessio 
Paoli2, 1BASF Corporation, Humble, TX, 2Company SILO, Firenze, 
Italy, 3Istituto Zooprofilattico Sperimentale della Lombardia e 
dell’Emilia Romagna, Forli, Italy, 4Università degli studi di Firenze, 
Firenze, Italy.

Necrotic enteritis (NE), in acute or subclinical forms, is a concern for 
the poultry industry, particularly in antibiotic-free poultry production . 
The causative agent of NE is the Clostridium perfringens, and one of 
predisposing factors is the Eimeria spp. colonization. The efficacy of a 
specific composition* of 1-monoglycerides of short- and medium-chain 
fatty acids (1-MG), in reducing C. perfringens infection and Eimeria 
spp . colonization in broiler chickens was investigated . Ninety female 
one-day old Ross 308 broiler chicks, not vaccinated against coccidiosis, 
were randomly housed in poultry isolators and allotted to 3 Treatments . 
Birds were fed diets supplemented or not with 1-MG (Control diet, C: 
0% in all periods; Treatment 1, G1: 0 .5% from d 1 to d 10 and 0 .25% 
from d 11 to d 21; Treatment 2, G2: 0 .5% from d 1 to d 10 and 0 .025% 
from d 11 to d 21) . Each bird was orally infected at d 5 of life with 3,000 
sporulated oocysts of Eimeria acervulina, maxima and tenella, and at d 
11–12 with 106 cfu of C. perfringens . The Clostridium strain belonged 
to toxin type A, producing α-toxin in vitro and carrying the netB gene. 
On d 16, 21 and 35 of age 10 birds from each treatment were weighted 
and sacrificed to collect intestinal samples. A 4-point lesion scoring 
system according to Johnson and Reid (1970) was applied for each 
Eimeria species . Macroscopic gut lesions due to C. perfringens were 
evaluated according to the procedure of Keyburn et al . (2006) . Results 
showed that C. perfringens and E. tenella intestinal lesion score in 
birds of Treatments G1 and G2 were significantly lower than in Control 
group (P < 0 .01 and P < 0 .001 respectively, according Chi-squared test, 
GraphPad Software); no mortality was recorded in treated groups G1 
and G2 while the mortality in Control group was 3 .3% . Weight gain in 
treated groups was significantly higher compared with Control group (P 
< 0.001 - MIXED procedure of SAS). Results suggest that the specific 
1-MG composition may prevent NE, decrease Eimeria spp . coloniza-
tion, maintain high-standard weight gain and represent an alternative 
to enteric antibiotics in broiler feed programs . *The 1-MG composition 
was supplied by SILO S .p .A . (Firenze)

Key Words: antibiotic-free, Clostridium perfringens, Eimeria spp ., 
monoglycerides, necrotic enteritis

338   Microbiome improves growth performance and attenuates 
Clostridium perfringens challenge. Hong Wang, Juan Latorre, Guill-
ermo Tellez, Billy Hargis, and Xiaolun Sun*, University of Arkansas, 
Fayetteville, AR.

Clostridium perfringens-induced necrotic enteritis is one of the prevalent 
broiler intestinal diseases but the preventing and treating options without 
antibiotics remains scarce . Microbiome has been successfully used to 
treat human intestinal diseases . Here we hypothesize that microbiome 
attenuates broiler necrotic enteritis and improves growth performance . 
To test this hypothesis, C. perfringens were cultured in various microbial 
metabolites of bile acids . Broiler chicks were fed control diets and sec-
ondary bile acid deoxycholic acid (DCA, 0 .15%) . Birds were weighed 
on d 0, 23 and 26 . Birds at d 23 were challenged with 109 cfu/bird/day 

C. perfringens for 2 consecutive days. Birds were sacrificed 3 d later 
and ileal and cecal samples were collected for molecular and histological 
analysis . Real time PCR was used to measure intestinal host response, 
C. perfringens, and Campylobacter jejuni . Notably, DCA inhibited C. 
perfringens in vitro growth while primary bile acid cholic acid and con-
jugated bile acid taurcholic acid failed to resist against C. perfringens 
growth . DCA promoted broiler growth performance of body weight gain 
compared with control diet at d 23 (1 .81 vs . 2 .10 lbs/bird, P = 0 .0028) . 
Importantly, DCA attenuated C. perfringens-induced growth impairment 
during d 23–26 (0 .46 vs . 0 .37 lb/bird, P = 0 .0390, uninfected 0 .42 lb/
bird) . C. perfringens challenge significantly increased the pathogen 
colonization compared with uninfected birds at ileum (2 .39 × 106 vs . 
1 .34 × 108 cfu/g stool, P = 0.0159, quantification PCR) and ceca (8.62 
× 109 vs . 3 .76 × 1010 cfu/g, P = 0 .0317) while dietary DCA reduced 
C. perfringens levels in challenged birds (2 .31 × 107 and 3 .05 × 1010 
cfu/g at ileum and ceca, respectively) comparable to uninfected birds . 
Interestingly, dietary DCA also significantly attenuated 66% of C. jejuni 
colonization in ceca of C. perfringens-challenged birds . In conclusion, 
dietary microbial metabolite DCA improves broiler growth performance 
and resists against C. perfringens challenge-induced growth impairment, 
possibly through resisting against the pathogen intestinal growth .

Key Words: Clostridium perfringens, intestine, Campylobacter 
jejuni, microbiome, growth performance

339   Characterization of Clostridium perfringens recovered 
from broiler chicken affected by necrotic enteritis. Samuel 
Mwangi*1, Jennifer Timmons1, Steve Fitz-Coy2, and Salina Parveen1, 
1University Of Maryland Eastern Shore, Princess Anne, MD, 2Merck 
Animal health, Millsboro, DE.

Necrotic enteritis (NE) caused by Clostridium perfringens (Cp) has 
emerged as an important disease associated with major economic losses 
in the poultry industry worldwide . The ban and voluntary withdraw 
of antimicrobial growth promoters used to control NE has resulted 
in resurgence of NE . Moreover, consumer demand for antibiotic-free 
poultry product has continued to grow . The presence of the NetB gene 
encoding for pore forming toxin in Cp has been shown to be essential 
for pathogenesis of NE . The aim of this study was to characterize Cp 
isolates recovered from broiler chickens affected by NE . A total of 131 
isolates obtained from commercially raised broilers affected by NE 
at 20 d, were characterized using multiplex PCR (mPCR), pulsed gel 
electrophoresis (PFGE) and antibiotic susceptibility test . Toxin typing 
using mPCR revealed that all Cp isolates were toxovar A . However, 
66% (43 of 65) of the isolates from live birds and 81% (54 of 66) from 
the deceased broilers were positive for NetB gene . Sixteen selected 
isolates determined to be NetB positive or NetB negative using mPCR 
were subtyped using PFGE . The PFGE results indicated the isolates had 
a wide genetic relatedness which ranged from 52 to 89% . Antimicro-
bial susceptibility test using disk diffusion method indicated that most 
isolates had a multidrug-resistant profile which comprised of bacitracin 
(75%), streptomycin (95%), erythromycin (70%), penicillin (40%) and 
gentamycin (75%) . The results obtained from this study suggest that the 
presence of Cp with NetB gene in broiler chicken does not automati-
cally result in death but other factors such as health of the bird before 
proliferation of virulent Cp may be critical for development of NE .

Key Words: Clostridium perfringens, necrotic enteritis, pulsed gel 
electrophoresis, NetB, broiler
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340   Heat stress and Eimeria oocyst infection affect immune 
tissue histology in broiler chickens. Bryan Aguanta*, Alberta Fuller, 
Susan Williams, Marie Milfort, Romdhane Rekaya, and Samuel 
Aggrey, University of Georgia, Athens, GA.

Heat stress and Eimeria infection are stressors that have been shown to 
affect performance in meat-type chickens, but the biological mechanisms 
that underlie these stressors are not fully elucidated . We designed an 
experiment to investigate the histological changes in broiler chickens 
under heat stress and/or Eimeria infection . Fourteen-day-old Cobb500 
chicks were assigned randomly in a 2 × 2 × 3 factorial design experi-
ment with 2 temperatures (25°C or 35°C), 2 infection levels (infection 
with 2 .5 × 105Eimeria oocysts or non-infection), and 3 anticoccidial 
treatments (no coccidiostat, 100g monensin/1,000 kg of feed, or 113 .5g 
nicarbazin/1,000 kg of feed) . There were 12 treatments, 5 replicates per 
treatment and 8 birds per replicate . Coccidiostat administration began 
at 14 d of age, and Eimeria infection took place at 15 d of age . Heat 
treatment began at 15 d of age and ended at 28 d of age . Five birds per 
treatment were euthanized at 15, 21, and 28 d of age . The spleen, thymus, 
bursa and liver tissues were collected and fixed in 10% buffered for-
malin. Following fixation, samples were trimmed, routinely processed, 
embedded in paraffin, sectioned at 4 μm, and stained with hematoxylin 
and eosin . Slides were examined by light microscopy . Tissues were 
scored on a scale of 0 to 6 based on lesion type and severity, with the 
exception of hypereosinophilic fibers in skeletal muscle tissue, which 
were scored on a scale of 0 to 4 . Compared with the control birds, heat-
stressed birds developed significantly more lymphoid depletion in the 
spleen and thymus at 21 and 28 d of age . The histology data also show 
that Eimeria were found in the duodenums of infected birds raised at 
25°C in significantly higher numbers than in infected birds raised at 
35°C . These results point to the existence of a network of interactions 
between heat stress and the broiler immune system, warranting contin-
ued investigation of these interactions at the histologic, immunologic, 
and molecular levels .

Key Words: Eimeria oocysts, heat stress, lymphoid depletion, immu-
nosuppression, histology

341   Live Salmonella vaccination of broilers: Pen trials to the 
field. Charles Hofacre*1, Roy Berghaus1, Gregory Mathis2, and 
Robert Evans3, 1The University of Georgia, Athens, GA, 2Southern 
Poultry Research Group, Athens, GA, 3Elanco Animal Health, Har-
risonburg, VA.

Salmonella foodborne illness continues to be a significant public health 
concern . Vaccination of broiler chickens with live attenuated Salmonella 
vaccines has been successfully demonstrated in laboratory challenge 
studies. Twenty-four floor pens (50 birds/pen) were vaccinated twice 
with a commercial live Salmonella typhimurium vaccine at one day 
(spray) and 14 d (drinking water) . Four days post vaccination, 50% of 
each pen were orally gavaged with S. Heidelberg (S .H .) (105 cfu/chick) . 
At 42 d, 10 horizontal challenged (not tagged) birds were selected from 
each pen, humanly euthanized, and ceca aseptically collected . Ceca 
were cultured for prevalence by tetrathionate/XLT-4 agar containing . 
S .H . enumeration was by the Most Probable Number (MPN) method of 
Berghaus . Ceca prevalence and MPN’s were compared using general-
ized estimating equations logistic and linear models (P < 0 .05) . MPN 
values were log-transformed before statistical analysis . The live S .T . 
vaccine significantly lowered S.H. prevalence (16% control vs. 0% 
vaccinated) and lowered the number of S .H . (1 .4 cfu/g control vs . 0 .0 
cfu/g vaccine) in positive ceca . A US broiler company with a Salmonella 
Group D chose to test this vaccine . Prior to vaccination, 3 randomly 
selected broiler farms per week for 4 weeks were sampled by collecting 

6 ceca/farm at ~28 d of age . Vaccination began at one day (spray) and 
14 d (drinking water) . Ceca were cultured in same manner as pen trial 
ceca. The live vaccine did not significantly lower overall Salmonella 
prevalence (39% pre vaccination vs . 28% post vaccination) . However, 
the vaccine significantly reduced Group D Salmonella prevalence (17% 
pre vaccination vs . 3% post) . Also, positive ceca from vaccinated broilers 
had significantly less Group D Salmonella (15 .7 cfu-MPN/g pre vaccina-
tion vs . 1 .0 cfu-MPN/g post vaccination) . Study results demonstrated 
first by floor pen data and confirmed by field data, that live Salmonella 
vaccine, given twice, can be a valuable tool in reducing potential risks 
of Salmonella human foodborne illness originating in broiler chickens .

Key Words: Salmonella, broilers, group D, farm study

342   Genomic traits of a strain of Salmonella Heidelberg 
isolated in broilers in Brazil and related phenotypic tolerance to 
organic acids and antibiotics. Elizabeth Santin*1, Ricardo Hayashi1, 
Mariana Camargo Lorenco1, Raquel Bighetti Araujo2, Ricardo Gon-
zalez-Esquerra2, Marcelo Falsarella Carazzolle3, Cáio César de Melo 
Freire4, Paulo Sergio Monzani5, and Anderson Ferreira da Cunha4, 
1Universidade Federal do Paraná, Curitiba, Parana, Brazil, 2Novus 
International Inc., Indaiatuba, SP, Brazil, 3Universidade Estadual 
de Campinas, Campinas, SP, Brazil, 4Universidade Federal de São 
Carlos, São Carlos, SP, Brazil, 5Universidade de São Paulo, Piras-
sununga, SP, Brazil.

Salmonella enterica serovar Heidelberg (SH) is found in broilers world-
wide with isolates from Brazil (SHBR) increased since 2011 and showing 
greater tolerance to control measures . A previous trial showed that a 
probiotic composed of 3 Bacillus subtilis strains was effective vs . SHBR 
in broilers . Herein, we aimed at sequencing the genome of SHBR and 
relate genomic differences with SHBR tolerance to some organic acids 
(OA), antibiotics (AB); and clinical signs in broilers . Two trials used 
1d old chicks housed for 21d in 8 sterilized isolated negative pressure 
rooms with 4 battery cages (reps) of 12 birds each . In both trials, birds 
were challenged or not with 107 cfu/bird of SHBR orally, and exposed, 
or not, to OA in a factorial 2x2 design . Challenge to SHBR occurred at 
1 or 7d of age; and OA tested consisted of either formic + propionic 
acids in drinking water at 0 .05% from 1 to 7d and 15–21d; or calcium 
butyrate fed at 2kg/ton of feed from 1 to 21d in trial 1 or 2, respectively . 
Nine AB were titrated in an in vitro MIC model using Mueller-Hinton 
agar as in CLSI[PM1] /NCCLS guidelines, to test SHBR-AB tolerance . 
SHBR DNA was sent to the High Throughput Sequencing Facility 
(University of North Carolina) . The library was prepared using PacBio 
20Kb template prep protocol PN_100–286–000–06, a size-selected 
range of 8000bp - 50,000bp, and the PacBio native pipeline for De 
novo assembly . The genome was deposited at NCBI genome database 
(No . CP020101) and compared with SH SL476 strain . Performance 
and immune response traits were unaffected by SHBR (P > 0 .05) . The 
use of OA did not reduce Salmonella counts found in cecum and liver 
of challenged birds (P > 0 .05) . SHBR was susceptible to amoxicillin-
clavulanic acid, cephalosporin, ciprofloxacin, enrofloxacin, penicilin 
and trimethoprim-sulfamethoxazole and tetracyclin with mild resistance 
to gentamycin and ceftiofur . Several DNA fragments were missing 
in the SHBR genome which were associated with the codification of 
proteins involved with cell cycle regulation, virulence, drug resistance, 
cell adhesion, salt efflux, and various transposases and integrases that 
may relate to those deletions. These genomic findings relate to the 
phenotypic observations of low pathogenicity, OA tolerance and AB 
susceptibility of SHBR

Key Words: Brazilian Salmonella Heidelberg, antibiotics, organic 
acids, resistance, comparative genomics
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343   Pathomicrobial and immunohistochemical findings in 
broiler chickens naturally infected with Salmonella enterica 
serotype gallinarum biotype gallinarum. Gulbeena Saleem*1, Umar 
Farooq1, Asim Aslam1, Tariq Javed2, Muhammad Younas3, and Iram 
Liaqat4, 1University of Veterinary and Animal Sciences, Lahore, 
Lahore, Punjab, Pakistan, 2University of Agriculture, Faisalabad, 
Faisalabad, Pakistan, 3University of Veterinary and Animal Sciences, 
Lahore, Jhang, Pakistan, 4Government College University, Lahore, 
Pakistan.

A study was conducted to investigate pathomicrobial and immunohisto-
chemical findings in broiler chickens naturally infected with Salmonella 
enterica serotype gallinarum biotypegallinarum (S . gallinarum) . A total 
of 150 broiler chickens were selected from 6 outbreaks of Salmonel-
losis from different commercial poultry farms. Twenty-five birds were 
selected from each flock showing typical signs of disease including high 
fever, bright yellow to mucoid green yellow droppings. Major findings at 
the time of post-mortem were hemorrhagic, enlarged liver with bronze 
discoloration, splenomegaly, enlarged kidneys, enteritis, and enlarged 
ceca with cheesy material . Following postmortem examination samples 
from different organs (liver, spleen, lungs, intestine, kidney, ceca and 
heart) were initially cultured, followed by biochemical and serological 
confirmation. Histopathology and immunohistochemistry was also done 

on these samples . Microbiological investigations showed that 12% of 
broiler chickens were positive for S. gallinarum. S. gallinarum was 
recovered from liver, intestine, ceca, kidney, lung heart and spleen . 
None of the birds had S. gallinarum in all of the organs investigated . 
Liver had highest counts (P < 0 .001) of S.gallinarum (2 × 1010 cfu/g) 
followed by spleen (1 × 1010 cfu/g), lungs (9 × 109 cfu/g), intestine (7 
× 109 cfu/g), and ceca (5 × 109 cfu/g) while count was least in kidney 
(3 × 109 cfu/g) and heart (9 × 108 cfu/g). Histopathological findings 
showed sinusoidal congestion and hepatic cord necrosis in liver, inter-
stitial nephritis and tubular necrosis in kidneys . Microscopically lungs 
showed congestion and intestinal sections showed degeneration along 
with necrosis. Immunohistochemical findings showed localization of 
bacteria except heart where no immunoreactivities were observed . It 
can be concluded from the present study that S. gallinarum may not 
be isolated from all broiler chickens showing signs of S.gallinarum 
infection furthermore not all the birds positive for S. gallinarum have 
bacteria in all the organs investigated in the present study . Liver was the 
major organ that harbour highest number of S. gallinarum . It is further 
concluded that immunohistochemistry was found precise and sensible 
tool to locate S.gallinarum in body organs .

Key Words: S. gallinarum, pathomicrobiology, postmortem, 
immunohistochemistry
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344   Effect of dietary genistein supplementation on the repro-
ductive performance and bone status of laying broiler breeders 
during the late egg-laying period. Zengpeng Lv*, Hao Fan, Beibei 
Zhang, Zhui Li, Liping Gan, and Yuming Guo, China Agricultural 
University, Beijing, China.

The purpose of this study is to investigate the influence of dietary genis-
tein supplementation on the reproductive performance and bone status 
of laying broiler breeders during the late egg laying period . A total of 
960 Ross 308 laying broiler breeders at age of 55 weeks were randomly 
allocated into 4 groups and fed with corn-soybean meal (CSM) diet 
(control), corn-soybean meal-cottonseed meal (CSCM) diet, CSCM 
diet + 40mg/kg of genistein and CSCM diet + 400 mg/kg of genistein, 
respectively . The trial lasted for 8 weeks . Compared with the control, 
hens fed with CSCM diet had lower egg production (P < 0 .05), egg 
weight (P < 0 .05), eggshell strength (P < 0 .05) and tibia strength (P < 
0 .05) as well as higher percentage of albumen (P < 0 .05) . However, 
CSCM diet supplemented with genistein significantly increased the 
egg production (P < 0 .05) . Also, we found dietary genistein increased 
the eggshell strength (P < 0 .05) as well as the level of genistein in yolk 
and VTG in the serum (P < 0 .05) . Compared with CSCM diet, dietary 
genistein addition elevated the level of progesterone and follicule-
stimulating hormone in the serum (P < 0 .05) . Furthermore, genistein 
supplementation upregulate the mRNA expression of insulin-like growth 
factor-binding protein 1 (P = 0.089) and estrogen receptor a (P < 0 .05) 
in the fallopian tube . The vitellogenin (VTG-II) mRNA expression in 
the liver was significantly upregulated, while amphiregulin mRNA 
expression in the fallopian tube was downregulated by dietary genistein 
addition (P < 0 .05) . Additionally, dietary genistein supplementation 
at 400 mg/kg increased tibia calcium and phosphorus deposition (P 
< 0 .05) as well as the tibia strength of hens compared with CSCM 
diet (P < 0 .05) . In the 400 mg/kg genistein-treated group, the level of 
calcitonin and alkaline phosphatase in the serum increased (P < 0 .05), 
while 25-hydroxy Vitamin D3 level tended to decrease (P = 0 .075) . In 
conclusion, dietary genistein supplementation into CSCM diet improved 
the production and quality of eggs as well as bone status of laying broiler 
breeders during the late egg-laying period .

Key Words: genistein, reproductive performance, tibia, laying 
broiler breeder

345   Effects of a commercial Β-mannanase product on body 
and bone composition in Pekin ducks. Jungwoo Park*, Micky 
Clary, John Padgett, Hector Leyva-Jimenez, and John Carey, Texas 
A&M University, College Station, TX.

Two studies were conducted to verify the effect of β-mannanase (CTC-
zyme, CTCBio Inc ., Seoul, Republic of Korea) on d 25 ducklings . Five 
different treatments (0% (CON), 0 .01% (T01), 0 .05% (T05), 0 .1% 
(T10), and 0.2% (T20) of β-mannanase) were used to investigate effect 
of β-mannanase on duck body and bone composition. Ducklings were 
randomly housed in battery cage pens containing one bird, replicated 8 
times (8 birds treatment) . All birds were euthanized via CO2 asphyxi-
ation on d 25 and immediately transferred to the Applied Exercise 
Science Laboratory at Texas A&M University for Dual-energy x-ray 
Absorptiometry (DEXA) scanning . To determine body composition, 
ducks were placed dorsal on the DEXA scanner bed and scanned twice 
through the DEXA (6 randomly selected ducks per scan) . Both left and 
right tibiae were collected immediately after body composition scan-

ning to determine bone composition . Left tibiae were used to determine 
bone ash . The bone length and weight were determined after bones 
were defatted with petroleum ether . Dried bones were ashed at 600°C 
for 16 h to determine bone ash . Right tibiae were used to determine 
bone strength . Bones were sheared midshaft using a crosshead speed 
of 5 .0 mm/min . Data from both experiments were analyzed for linear 
and quadratic effects. The quadratic effects were not significant thus 
the data were analyzed as a completely randomized block design using 
the Standard Least Squares procedure of JMP including . Means were 
deemed significantly different at P ≤ 0.05 and separated using the Least 
Squares Mean Differences Student’s t-test. No significant differences 
were observed in bone weight, length, and percentage of ash results . No 
significant differences were observed in bone mineral density (BMD) 
and bone mineral contents (BMC) among the treatments. Significantly 
stronger bone strength was observed in T05 compared with CON and 
T20 (P ≤ 0.0291). No significant differences were observed in total fat 
and lean tissue amount. Treatment T10 had significantly less percentage 
of body fat than CON and T20 (P ≤ 0.0397). These results indicate that 
β-mannanase affected bone strength and percentage of body fat of the 
ducklings. Higher levels of β-mannanase (T20) were not significantly 
different from CON for duck body and bone composition. β-mannanase 
appears to affect body and bone composition of Pekin ducks .

Key Words: β-mannanase, Pekin duck, DEXA, bone and body com-
poistion, CTCzyme

346   Influence of dietary carotenoids on serum carotenoids 
levels and live and post-slaughter skin pigmentation of meat-type 
chicken. Oluwafunmilayo Adeleye* and Esther Oginni, University of 
Ibadan, Ibadan, Oyo, Nigeria.

Carotenoids, bioactive molecules synthesized in plants, are important 
in the development of hues in the skin and muscles of chickens . In this 
study, the degree of variation in absorption and assimilation of carot-
enoids from different plant materials was assessed in serum carotenoid 
levels as well as live and post slaughter pigmentation of meat-type 
chicken . One hundred twenty-eight 1-d-old meat-type chicks were 
allotted to 4 treatments, 4 replicates of 8 chicks each . Chicks were fed 
a starter diet for 21 d and thereafter diets containing one of moringa 
(Moringa oleifera) and baobab (Adamsonia digitata) leaves, roselle 
(Hibiscus sabdariffa) calyces and orange (Citrus × sinensis) rind- at 
4% of grower/finisher diets for 35 d. Pigmentation of the apterylum and 
shanks of live chicken were monitored weekly, while shank, breast, vent, 
back and abdominal fat pigmentation were measured post-slaughter . Skin 
pigmentation was scored using a DSM broiler fan and serum carotenoids 
measured as red and yellow pigments by a spectrophotometric method 
on a weekly basis . Means were compared and separated within time 
using ANOVA and LSD (P < 0 .05) . Overall, pigmentation was higher in 
the shank > vent > breast . Higher live and post-slaughter skin pigmenta-
tion was observed in chicken on moringa diet and lower pigmentation 
in those on roselle diet . Shank pigmentation peaked at 21d for chicken 
on baobab (102 .32 ± 0 .10) and roselle (101 .32 ± 0 .48) diets, and 35d 
for chicken on the moringa and orange rind (103 .75 ± 0 .14 and 102 .06 
± 0 .06, respectively) diets . Apterylum pigmentation peaked at 21d for 
chicken on baobab (101 .54 ± 0 .1) and orange (101 .40 ± 0 .10) diets and 
28d for chicken on the moringa (102 .40 ± 0 .10) diet . Dietary sources 
of carotenoids did not significantly influence yellow pigment deposi-
tion in the serum between 21 and 28d of exposure while red pigment 
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deposition in the serum was unaffected by the dietary treatments after 
28d of exposure. Yellow pigment composition of serum was significantly 
lowest (P < 0 .05) in chicken on moringa diet at 14 and 21d (19 .84 ± 0 .15 
and 18 .54 ± 0 .14 ppm) . A similar trend was observed for red pigment 
composition of serum of chicken on moringa diet at 28 and 35d (19 .60 ± 
0 .13 and 18 .36 ± 0 .19 ppm) . Absorption and assimilation of carotenoids 
varied for the different carotenoid sources assessed . Moringa oleifera 
leaves significantly improved live and post-slaughter pigmentation of 
meat-type chicken .

Key Words: skin pigmentation, meat-type chicken, carotenoids, 
yellow and red pigments

347   The effects of TYPLEX chelate on broiler growth 
performance, litter coccidial oocysts and cecal microbial pro-
file. Farina Khattak*1, Simon Williams2, Jafar Mahdavi3, and Jos 
Houdijk1, 1SRUC, Edinburgh, United Kingdom, 2Akeso Biomedical 
Inc., Waltham, MA, 3University of Nottingham, Nottingham, United 
Kingdom.

A study was conducted to investigate the effect of TYPLEX chelate 
(ferric tyrosine, Akeso Biomedical Inc ., Waltham, MA) on growth 
performance, litter condition, litter coccidial oocysts and gut micro-
biota . Five hundred seventy-six male day-old Ross 308 broilers were 
allocated to 1 of 4 dietary treatments where ferric tyrosine was added 
at 0 (T1), 0 .02 (T2), 0 .05 (T3) and 0 .20 (T4) g/kg to wheat/soya-based 
diets without coccidiostats . Each treatment was replicated 12 times 
with 12 birds/replicate pen in a randomized complete block design . 
The experimental diets were fed in mash form for 42 d and stocking 
density was maintained at 38 kg/m2 to mimic commercial conditions of 
environmental pressure . Both feed and water were available ad libitum . 
Mean feed intakes and mean body weights were recorded/pen at d 0, 
21 and 42 to calculate mean weight gain and mortality-adjusted feed 
conversion ratios . Litter moisture was determined at d 0 and 35; cecal 
microbiota composition was assessed at d 35 through percent Guanine 
+ Cytosine profiling of the total chromosomal deoxyribonucleic acid, 
and litter coccidial oocysts were enumerated at d 42 . Data were analyzed 
by ANOVA using Genstat 16 . Compared with T1, T4 birds were 5 .5% 
heavier (P < 0 .05) at d 42 and weight gain was increased (P < 0 .05) 
by 5 .6% from d 0 to 42 . The feed conversion ratios for the T2, T3 and 
T4 birds combined improved (P = 0 .061) by 2 .2% compared with T1 
birds (1 .531 vs . 1 .566) . Dietary treatments did not affect (P > 0 .05) 
feed intakes and litter moisture content . Litter coccidial oocysts were 
consistently reduced (−27.9%) for all birds fed ferric tyrosine compared 
with unsupplemented T1, but the differences were only significant (P = 
0.033) when T4 was compared with T1 (−42.4%; 1.826 vs. 3.173 log10 
oocysts/g). In comparison with T1, T4 showed a significant elevation (P 
< 0 .05) of microbial dominance at 52–54% Guanine + Cytosine, which 
is indicative of high-performing healthy birds . In conclusion, addition of 
ferric tyrosine to broiler diets improved growth, reduced litter coccidial 
occyst counts and improved gut health by encouraging the development 
of a beneficial microbial community.

Key Words: ferric tyrosine, growth, litter coccidia, gut microbiota

348   Effects of a novel antioxidant blend, Selko POMix, as 
partial replacement of vitamin E on broiler chicken growth 
performance, antioxidant status and meat quality. Gregory 
Page*1, Zahid Nasir1, and Theo van Kempen2, 1Trouw Nutrition 
Agresearch, Guelph, ON, Canada, 2Trouw Nutrition R&D, Boxmeer, 
the Netherlands.

Among the numerous antioxidative defense mechanisms, vitamin E 
is known as a very potent antioxidant that prevents tissue free radical 
damage . However, there is an over-reliance on vitamin E, with supple-
mentation levels well above NRC 1994 requirements, and which has a 
relatively narrow affinity for free radical scavenging and limited tissue 
distribution . In contrast, the antioxidant properties of phenolic com-
pounds are well established and involve radical scavenging, hydrogen or 
electron donating, and metal chelating activity, in addition to solubility 
in both lipid and aqueous cell fractions . The present study was aimed 
at validating the potential of a novel polyphenol blend ((Selko POMix; 
containing Citrus paradisi, Capsicum anuum, Thymus vulgaris, Cur-
cuma longa) to replace the supplemental vitamin E above the 10 IU/
kg NRC 1994 requirement . A study was performed at Trouw Nutrition 
Agresearch, Burford, Ontario Canada . A total of 2,250 Ross 708 male 
coccidiosis-vaccinated chicks were randomly and equally assigned to 
one of 3 treatments in 45 floor pens. Broilers were fed a 2-phase pelleted 
corn-soybean meal feed program with BMD (55 ppm), and supple-
mented with either 50/35 IU/kg vitamin E (starter vs– grower-finisher, 
respectively), 10 IU/kg Vitamin E (NRC 1994 recommendations), 
or 10 IU/kg Vitamin E plus 40/25 IU/kg (starter vs– grower-finisher, 
respectively) vitamin E equivalents of Selko POMix . Feed intake, 
body weights, and mortality were recorded on d7, 13, 30, 27 and 34, 
while plasma superoxide dismutase and malondialdehyde levels were 
measured on d34 . Breast meat pH, drip loss, and Hunter L*a*b* scores 
were measured post-slaughter . Data were analyzed by ANOVA using 
Minitab 16, with pair-wise comparison of means by Tukeys . Results 
demonstrated no significant differences in final body weight, average 
daily weight gain, average daily feed intake, or feed conversion ratio 
(P > 0.05). No significant treatment effects were observed on plasma 
MDA or SOD concentrations, or on meat (pectoralis major) quality 
parameters including drip loss, pH, or color up to 10 d of refrigerated 
storage (P > 0 .05) . High doses of vitamin E performed the same as NRC 
1994 requirement of vitamin E plus a vitamin E equivalent antioxidant 
dose of Selko POMix, making POMix more cost-effective .

Key Words: vitamin E, polyphenol, broiler chicken, meat quality, 
growth performance

349   Hydrolyzed yeast and Bacillus subtilis on the production 
of broiler breeder and incubation parameters. Jeanna Wilson2, 
Melina Bonato*1, Liliana Borges1, and Ricardo Barbalho3, 1ICC 
Brazil, São Paulo, São Paulo, Brazil, 2University of Georgia, Athens, 
GA, 3ICC Brazil, São Paulo, São Paulo, Brazil.

A study was performed with the aim of evaluating the effect of the hydro-
lyzed yeast as a source of nucleotides, with or without Bacillus subtilis, 
in the production of broiler breeder and incubation parameters . Two 
thousand Cobb 500 broiler breeder pullet and 200 MX cockerel chicks 
were obtained from a primary breeder hatchery at 1 d of age . Chicks 
were randomly distributed to 8 pens and provided a common starter and 
growing diets through 25 weeks of age or 5% of egg production . At 21 
weeks of age, approximately 1,800 pullets were transferred to 36 pens 
(45 hens and 5 roosters per pen) in a broiler breeder laying facility . Each 
treatment was represented by 9 replicate pens . The experimental diets 
started at the 21 weeks of age and the treatments were: hydrolyzed yeast 
(Saccharomyces cerevisiae product - Hilyses, ICC Brazil Company) 
at 1kg/MT (HY); Bacillus subtilis C–3102 (BS) at 3x105 cfu/g; Mix 
of HY at 1kg/MT and BS at 3x105 cfu/g; and Control diet (CD) . The 
broiler breeders were fed with until 63 weeks of age . The eggs were 
collected 3 to 4 times daily and total egg production was calculated per 
week . The breeders were weighed every 4 weeks (all birds) . Eggs were 
incubated 5 times to get incubation parameters (at 35, 40, 45, 50, 55 
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and 60 weeks of age) . Chick number and quality were monitored and 
a residue breakout was completed on all eggs that did not hatch . Shell 
quality was measured by specific gravity at 32, 42, 52 and 62 weeks 
of age . The data were analyzed using the SAS LSD test (P ≤ 0.05) to 
separate means when ANOVA F values are significant (P ≤ 0.05). The 
hen’s body weight was not affected by the treatments (P > 0 .05) . The 
supplementation of breeder diets with hydrolyzed yeast improved (P < 
0 .05) egg production (CD 58 .5b; HY 60 .2a; HLY+BS 56 .8c; BS 59 .1b, 
%) and egg size (CD 66 .9b; HY 67 .2a; HLY+BS 66 .7c; BS 66 .7c, g), 
while Bacillus subtilis supplementation improved (P < 0 .05) shell qual-

ity . The hatch of fertile eggs was positively (P < 0.05) influenced by 
HY+BS considering all incubation periods, when compared with control 
group (94 vs . 92 .9) . The supplementation of hydrolyzed yeast to broiler 
breeder diets improved egg production and egg weight, while Bacillus 
subtilis supplementation improved shell quality and the association of 
both additives improved the hatchability of fertile eggs .

Key Words: egg production, nucleotides, Saccharomyces cerevisiae, 
nutrition, poultry
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350P   Pre-laying behavior and nest substrate preference of 
laying hens in a cage-free system. Gabrielle House*, Kailynn 
VanDeWater, and Marisa Erasmus, Purdue University, West Lafay-
ette, IN.

Enriching cage-free systems with appropriate nesting areas allows 
laying hens to express a full range of normal behavioral patterns . In 
particular, nesting areas and nest substrates affect pre-laying behavior 
and where eggs are laid, and therefore, egg cleanliness and egg quality . 
Limited information is available regarding the pre-laying behavior and 
nest substrate preference in cage free systems of Hy-Line W36 hens, 
which are the most popular genetic line of laying hen in the US This 
study examined 1) laying hen preferences for AstroTurf (AT), plastic 
coated wire (PL), and bare wire (WI) nest substrates and 2) hens’ pre-
laying behavior . Hy-Line W36 laying hens were housed in groups of 
11 in 8 floor pens. Pens contained 3 nests, each containing one of 3 nest 
substrates (AT, PL, or WI) . Behavior of hens was video-recorded over 2 
consecutive days at 22 wk of age . Oviposition time and nest preference 
were recorded for all hens that laid eggs in nests (d 1: 65 hens; d 2: 71 
hens total) . In addition, 4 focal hens/pen were randomly selected, and 
pre-laying behavior (nest inspection, scratching, standing, preening and 
aggressive behavior) was examined for the 60 min . preceding oviposi-
tion . Eggs were collected daily and egg location was noted . Data were 
analyzed using the GLIMMIX procedure (SAS 9 .4) . Most eggs were 
laid in nests containing AT (82.5 ± 2.4%), then the floor (10.7 ± 1.5%), 
in nests with PL (4 .2 ± 0 .8%) and in nests with WI (2 .7 ± 1 .4%) (P < 
0 .0001) . Two focal hens (3%) laid in nests with PL . All other hens laid 
in nests lined with AT . Due to the small number of hens that laid in PL 
and WI nests, pre-laying behavior could not be compared among nest 
substrates . The hens spent, on average, 2 .1 ± 1 .4% of their time inspect-
ing nests, 0 .3 ± 3 .9 of their time scratching, 0 .2 ± 12 .9% engaged in 
aggressive behavior, 64 .9 ± 0 .2% of their time standing, 10 .0 ± 0 .2% 
of their time walking and 1 .3 ± 2 .5% of their time preening before 
oviposition . Results indicated that the majority of hens preferred to lay 
their eggs in nests containing AT . Results may be used to inform recom-
mendations regarding nest substrate in cage-free systems .

Key Words: laying hen, cage-free, nest substrate, pre-laying 
behavior

351P   Differences in cecal microbiota between feather peckers 
and non-peckers. Patrick Birkl*1, Peter McBride1, Joergen Kjaer2, 
Aadil Bharwani3, Wolfgang Kunze3, Paul Forsythe3, and Alexandra 
Harlander1, 1University of Guelph, Guelph, ON, Canada, 2Friedrich-
Loeffler Institute, Celle, Germany, 3McMaster University, Hamilton, 
ON, Canada.

Feather pecking presents one of the most severe issues in modern egg 
production, compromising both welfare and production of commercial 
layer flocks. It is often associated with feather eating. There is some 
evidence that ingested feathers affect intestinal microbial metabolites 
and that ceca might play a significant role in gut fermentation. Ceca have 
the greatest gastrointestinal microbial populations that include groups 
such as Clostridiales and Bacteroidetes, which are known to degrade 
keratin . We hypothesized that such keratin-degrading bacteria would 
be more abundant in feather-pecking birds and that bacteria beneficial 
to the host, such as Lactobaccillacae, would be less abundant in these 
birds . The aim of the present study was to explore whether laying hens 
divergently selected for feather pecking differ in their cecal microbiota . 
At 60 weeks of age cecal samples of 20 high feather pecking (HFP) 

birds and 20 low feather pecking (LFP) birds, which received the same 
diet, were collected. Bacterial community profiling of 16S rRNA and 
in silico metagenomics was carried out using a modified bar coded 
Illumina sequencing method on a MiSeq Illumina sequencer . Our results 
revealed that LFP birds have an increased overall diversity (β diversity) 
shown by a difference in the Bray-Curtis index (R = 0 .171, P < 0 .05) . 
Operational taxonomic unit (OTU) comparisons further revealed the 
increased presence of Clostridiae in HFP and decreased presence of 
Lactobaccillacae in HFP samples (FDR <0 .05, Mann-Whitney com-
parisons) . These results suggest that birds performing high levels of 
feather pecking show a distinct cecal profile compared with LFP birds. 
Further experiments should be conducted to investigate whether these 
differences alter behavior in HFP and LFP birds .

Key Words: microbiota, laying hen, bacterial diversity, feather 
pecking

352P   Can Japanese quail male aggressions toward a female 
cagemate predict aggressiveness toward unknown conspecifics? 
Stefania Pellegrini, Leon Condat, Raul Marin*, and Diego Guzman, 
Instituto de Investigaciones Biológicas y Tecnológicas (IIByT; CONI-
CET-UNC) and Instituto de Ciencia y Tecnología de los Alimentos 
(ICTA), Facultad de Ciencias Exactas, Físicas y Naturales, Universi-
dad Nacional de Córdoba, Córdoba, Argentina.

The incidence of aggressive behaviors in mature poultry is a topic of high 
concern from an economic and from a welfare point of view . Herein, 
we evaluated in Japanese quail whether the level of male aggressive-
ness expressed toward a female cagemate can predict aggressiveness 
toward other unknown conspecifics. At 4 wk of age, birds were housed 
in 90 male-female pairs in breeding cages . Aggressive and reproduc-
tive behaviors were recorded when birds were 11 to 12 wk of age, in 
20 min observations along 9 d. Males were classified as either high or 
low female peckers according to whether they directed more than 5 or 
no pecks toward their female cagemate (H-FP and L-FP males, respec-
tively; 15 males in each group) . At 16 wk of age, social interactions 
between 1 H-FP and 1 L-FP male were evaluated during 10 min in a 
novel environment with an audience (behind a wire mesh partition) 
of 2 unknown female conspecifics. According to the male aggressive 
performance, 13 of the 15 H-FP males were winners of the interactions 
and also performed a higher (P < 0 .01) number of pecks than L-FP 
males at the females through the mesh partition . Findings suggests that 
male homecage aggressive performance toward its female cagemate 
may have predictive value about their aggressive performance with 
unknown males and also with other females in an unfamiliar surround-
ing environment . Interestingly, a negative relationship was also found 
between the number of home cage pecks from male to female and the 
female plumage condition suggesting that male aggressive profile could 
also be identified by evaluating the female plumage condition. Further 
studies aiming to improve the assessment of female plumage condition 
in relation to male aggressiveness are needed to assess whether this 
variable can be used as a diagnostic tool of overall male aggressiveness .

Key Words: Japanese quail, agonistic behavior, female aggression

353P   Unexpected results when assessing underlying aggres-
siveness in Japanese quail using photocastrated stimulus 
birds. Jorge Caliva, Jackelyn Kembro, Stefania Pellegrini, Diego 
Guzman, and Raul Marin*, Instituto de Investigaciones Biológicas 
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y Tecnológicas (CONICET-UNC), Instituto de Ciencia y Tecnología 
de los Alimentos, Facultad de Ciencias Exactas, Físicas y Naturales, 
Universidad Nacional de Córdoba, Córdoba, Argentina.

Aggressive behaviors can affect both animal welfare and productivity . 
Because the expression of aggressive behaviors is dependent on the 
quality of the opponent, they reflect relative rather than absolute levels 
of underlying aggressiveness . This study was aimed to characterize 
the aggressive responsiveness of photostimulated adult Japanese quail 
(16 wk old) when interacting with a photocastrated (6:18h light:dark 
photoperiod) counterpart in a novel test environment . This was based 
on the assumption that photocastrated birds will not actively provoke 
an aggressive confrontation . Birds were reared in male-female pairs . 
Frequencies of aggressive behaviors (i .e ., pecks, threats, chases) were 
determined during 10 min social interactions in a novel environment . 
A first experiment evaluated 78 encounters between a photostimulated 
male or female with either a photocastrated male or female (photocas-
tration started at 11 wk of age) . A wide variety frequency of aggressive 
behaviors was observed and in general, highly aggressive birds received 
little or no aggression from their opponent . However, unexpectedly, 
we also found that 37 and 32% of photocastrated males and females, 
respectively, performed aggressions toward their photostimulated 
counterparts, and even a similar number of photocastrated and photo-
stimulated males initiated the aggressive interactions (Proportion test; 
P > 0 .05) . The higher aggressiveness in the photocastrated birds was 
attributed to their social experience before photocastration . Therefore, a 
second experiment evaluated 53 encounters between a photostimulated 
male or female and a naive photocastrated male (photocastration started 
at 4 wk of age, before sexual development) . In this trial, photocastrated 
males performed no aggression toward their photostimulated counter-
parts. Consistently with previous studies, our findings show that naive 
photocastrated males can be used as a non-aggressive stimulus during 
a social interaction aimed to assess expression of aggressiveness in 
photostimulated birds . However, caution should be taken when applying 
the photocastration protocol considering that prior fighting and sexual 
experience or other physiological changes related to maturation can 
interfere during subsequent aggressive testing .

Key Words: Japanese quail, aggressive behavior, female, male, 
photocastration

354P   Feeding behavior and feed efficiency of slow-growing 
yellow broilers as measured by automatically recording feeders. 
Wei Yan*1, Congliang Ji2, Chaoliang Wen1, Congjiao Sun1, and Ning 
Yang1, 1National Engineering Laboratory for Animal Breeding and 
MOA Key Laboratory of Animal Genetics and Breeding, College of 
Animal Science and Technology, China Agricultural University, Bei-
jing, China, 2Wen’s Nanfang Poultry Breeding Co. Ltd, Yunfu, China.

Feeding behavior has been considered as important traits in improving 
feed efficiency of livestock. With the help of automatically recording 
feeders to collect the constant feeding data, this study aimed to investi-
gate the relationship between the feeding behavior and feed efficiency 
in the slow-growing yellow broilers . In this study, 3812 individuals 
from 11 hatches were kept in floor pens equipped with the automatically 
recording feeders and live body weight, feed intake and feeding time 
were recorded during 8 to 11 weeks of age . Feed conversion ratio (FCR), 
residual feed intake (RFI), average daily feed intake (ADFI), average 
daily number of visits (ADNV), feeding duration and feeding speed 
were calculated . Pearson correlation analysis was performed among the 

above traits . The results showed FCR had a positive correlation with 
RFI (r = 0 .60, P < 0 .05) . RFI was positively correlated with ADNV (r 
= 0 .24, P < 0 .05) . Feeding speed positively correlated with start body 
weight and end body weight (EBW) (r = 0 .44 and 0 .46, respectively, 
P < 0.05), and negatively correlated with FCR and RFI (r = −0.13 and 
−0.16, respectively, P < 0 .05) . Moreover, individuals with contrasting 
ADNV were grouped as low frequency (LF) and high frequency (HF) 
with 179 individuals in each group . By comparing the 2 groups, this 
study found that the population ADFI (0.11 ± 0.02 kg) was significantly 
higher (P < 0 .01) than that of LF (0 .10 ± 0 .02 kg) and lower (P < 0 .01) 
than that of HF (0 .12 ± 0 .02 kg) . The EBW in LH (2 .42 ± 0 .30 kg) was 
significantly lower (P < 0 .01) than that of the population average (2 .48 
± 0.29 kg). The FCR and RFI in LF (FCR = 2.91 ± 0.64, RFI = −0.20 ± 
0.34 kg) was significantly lower (P < 0 .01) than the population average 
(FCR = 3 .05 ± 0 .61, RFI = 0 .00 ± 0 .29 kg) while the RFI in HF (RFI = 
0.13 ± 0.29 kg) was significantly higher (P < 0 .01) than the population 
average . The results also showed that the population average feeding 
speed (0.033 ± 0.011 g/s) was significantly lower (P < 0 .01) than that 
in LF (0 .039 ± 0 .011 g/s) and higher (P < 0 .01) than that in HF (0 .026 
± 0 .011 g/s) . The results demonstrated that individuals with low ADNV 
eat less and faster, resulting in better feed efficiency, which indicated 
that the trait could be considered as a potential selection criterion in 
broiler breeding .

Key Words: feeding behavior, feed efficiency

355P   Synbiotic supplement effects on cecal microbial ecol-
ogy, growth performance and leukocyte populations of broiler 
chickens reared under heat stress. Ahmed Mohammed*1, Jiaying 
Hu1, and Heng-Wei Cheng2, 1Purdue University, West Lafayette, 
IN, 2USDA Agricultural Research Service, West Lafayette, IN.

This study was to examine the effects of dietary synbiotic supplement on 
the growth performance, leukocyte differentiation and cecal microflora 
of broiler chickens reared under heat stress (HS) . Three hundred sixty 
1-d-old male Ross 708 broiler chicks were randomly distributed among 
3 dietary treatments containing a synbiotic at 0 (control), 0 .5 (0 .5×) and 
1 .0 (1 .0×) g/kg, respectively . Each treatment contained eight 15-bird 
floor pens. Heat stimulation was set up at 32°C for 9 h daily from d 15 
to 42 . Performance parameters were measured at d 7, 15, 28, and 42 . 
Leukocytes populations and microbial analysis were counted at d 42 . 
The statistical analysis of the synbiotic supplementation effects was 
conducted by using one-way ANOVA . The results indicated that the 
synbiotic supplement increased BW, BW gain, feed intake, and cecal 
enumeration of Bifidobacteria spp . and Lactobacillus spp . (P < 0 .05, 
respectively), but reduced heterophile/lymphocyte (H/L) ratio and cecal 
enumeration of Escherichia coli and Coliforms (P < 0 .05, respectively), 
especially in the 1 .0X synbiotic group . However, there were no treat-
ment effects on feed conversion ratio, blood populations of monocyte, 
eosinophil and basophil or cecal levels of Enterococcus spp . (P > 0 .05, 
respectively) . These results suggest that the synbiotic ameliorated the 
negative effects of HS on production performance and health status of 
broiler chickens as indicated by the changes of BW gain, H/L ratio and 
cecal pathogenic levels . Feeding the synbiotic diet could be a useful 
method for the poultry industry to improve chicken welfare and produc-
tion during hot seasons, especially in the tropical and subtropical areas .

Key Words: broiler chicken, heat stress, synbiotic, performance 
production, leucocyte
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356P   Educating future food professionals in food defense: 
Are food safety educational models a good fit? Emefa Monu* and 
Robert Norton, Auburn University, Auburn, AL.

Food Defense Plans are now mandatory for food processors due to 
changes in the Food Safety Modernization Act . To prepare our students 
for their roles in the food industry it is vital that they receive training in 
this area . This presentation will outline a plan for Food Defense educa-
tion of undergraduate and graduate students using existing Food Safety 
lesson plans as a model . Food Safety classes have not traditionally 
included Food Defense, necessitating its incorporation into the curricu-
lum . Both areas cover the possible hazards in food and how to mitigate 
those hazards, but Food Defense deals with intentional contamination 
and other possible ways (e .g ., cyber attacks) in which the food supply 
could be tampered . Since both Food Safety and Defense deal with the 
range of risks and hazards the former can be used as a model for the 
latter . Food Safety classes often include the construction of a practical 
HACCP plan by students . Utilizing the same model where students 
receive information on potential threats and hazards then are given a 
group project to create a Food Defense Plan on a designated food product 
would be utilized . HACCP points are often those points vulnerable to 
intentional contamination . Food Safety classes also introduce students 
to the rules and regulations pertaining to the US food supply, and this 
course would do the same with Food Defense regulations . Food Safety 
classes are often taught by one individual, but the multifaceted nature 
of Food Defense lends itself to a more multidisciplinary approach 
involving several instructors in addition to talks by industry members . 
Auburn University has established a Food Defense Working Group that 
includes faculty from Agriculture, Engineering and Veterinary Medicine . 
These individuals would be an asset to the course . Although Food Safety 
education alone does not adequately prepare students, when combined 
with Food Defense, it better prepare students to enter the workforce with 
more advanced skill sets, necessary to the tasks they will encounter .

Key Words: FSMA, food defense, education, course model, threats

357P   Innovative poultry teaching and research: Appalachian 
State University case study. Anne Fanatico*, Appalachian State 
University, Boone, NC.

There is a strong need for agricultural education in the United States . 
The number of farmers has declined over time and many are aging . New 
farmers may not be from conventional agricultural backgrounds . In fact, 
many have an interest in ecological methods of production, which focus 
on maintaining soil, air, and water resources and reducing synthetic 
inputs . While land-grant institutions provide much of the agricultural 
education, non-conventional institutions increasingly do so as well, 
often with low-budget agricultural programs . App State University is an 
example and has grown an innovative farm-based program over the last 
5 years in the Sustainable Development Department (agroecology con-
centration) . We have a teaching and research farm where we established 
integrated farming enterprises to teach applied concepts . Monogastrics 
(free-range poultry and swine) are raised with beef cattle on rotationally 
grazed pastures incorporating agroforestry practices . The farm includes 
a mobile processing unit for poultry slaughter, as well as horticultural, 
row crops, and forestry operations . Feed crops for poultry are grown on 
the farm and their manure is composted and used to fertilize crops . Our 
IACUC-approved protocols are innovative, featuring heritage livestock 
breeds, portable poultry housing and solar technology . Alternative poul-
try feeding systems are used that incorporate high-moisture feeds, such 

as root crops, and novel protein feeds, with no synthetic amino acids . We 
also established a unique 12-pen pastured poultry research facility . We 
typically teach 7 farm courses and 3 forestry courses each year directly 
at the farm, graduating 70 agroecology students each year . Students 
(24) have also lived on-site in a residential farm learning community . 
Limited support is provided for the farm as supplemental funds allow 
and a small amount of revenue is also generated for operations . The pro-
gram is highly integrated with informal education in the area, including 
cooperative extension, nonprofit organizations, and local community, 
where students do internships with farmers . There are many challenges 
in teaching sustainable agriculture and ecological poultry production at 
non land grant institutions; however, students have the opportunity to 
learn in integrated and innovative ways .

Key Words: sustainable agriculture, education, free-range poultry

358P   Economic-productive evaluation of the cleaning and 
disinfection of facilities of broilers challenged with Campylobacter 
jejuni. Maria Fernanda Burbarelli*1, Gustavo Polycarpo1, Carlos 
Alexandre Granghelli1, Karoline Lelis1, Lívia Maria Soares Queiroz1, 
Esther Ramalho Affonso1, Viviane Ferrari1, Roberto Bordin3, 
Andrezza Fernandes2, and Ricardo de Albuquerque1, 1University 
of São Paulo, Pirassununga, São Paulo, Brazil, 2University of São 
Paulo, Pirassununga, SP, Brazil, 3Fatec, Mogi das Cruzes, Brazil.

The economic impact of diseases is crucial for poultry, due to reduced 
performance and high mortality . Cleaning and disinfection are practices 
aiming to reduce infection pressure in broiler facilities . To evaluate the 
economic viability of these practices, through the calculation of the 
gross market margins of 2 different protocols, the present study was 
developed. Two subsequent flocks, with 960 birds each, were divided 
into 32 boxes with 30 birds. In the first, all birds were orally inoculated 
with 105 cfu/ml Campylobacter jejuni strain atcc 33560 to create the 
sanitary challenge . In the second, 2 cleaning and disinfection programs 
were realized before the arrival of the birds: Proposed program (washing 
with acid and alkaline detergent at 4%, application of glutaraldehyde 
disinfectant 250g/L + formaldehyde 185g/L at 0 .5% and disinfectant 
parachlorometacresol 210 g/L) and Common program (washing with 
4% neutral detergent) in 16 boxes each of the protocols . In this plot, 
the productive performance was evaluated, and the birds housed in the 
facilities submitted to the proposed protocol obtained greater live weight 
(2,717 vs . 2,532 kg), weight gain (2,610 vs . 2,447 kg), feed intake (4,903 
vs 4,760 Kg) and greater feed conversion (1 .88 vs . 1 .95) . These data 
were used to perform the economic analyzes . Considering each of the 
boxes as an experimental unit, the economic analysis of gross margin of 
commercialization was based on the total costs of each of the cleaning 
and disinfection protocols and on the estimated revenue from the sales 
of the animal carcasses . The data were submitted to ANOVA using the 
Mixed procedure (PROC MIXED of the SAS) . The total income for the 
proposed treatment was greater than that of the Common treatment (US$ 
90 .42 vs . 84 .77, P = 0 .0096), the total cost for the Common treatment 
was lower than the Proposed treatment (US$ 8.74 vs. 0.49, P < 0 .001), 
however the gross margin or the bird commercialization did not differ 
between protocols (US$ 81.68 vs. 84.27, P = 0 .2021) . The proposed 
protocol is economically feasible, because despite the lower cost of 
the Common protocol, the gross margins of the commercialization are 
similar between both protocols .

Key Words: poultry, economic, infection pressure, disinfectants, 
gross margin
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359P   Improvement of quail primordial germ cell expansion in 
vitro by activating of TGF-β signaling through A small molecule. 
Saeed Yakhkeshi1, Shaban Rahimi*1, Mohsen Sharafi1, Seyedeh-Naf-
iseh Hassani2, Abdolhossein Shahverdi2, and Hossein Baharvand2, 
1Tarbiat Modares University, Tehran, Iran, 2Royan Institute for Stem 
Cell Biology and Technology, ACECR, Tehran, Iran.

Primordial germ cells (PGCs), are an efficient approach for transgenic 
technology . Therefore, an improved expansion of PGCs is required . 
Although PGC migration is crucial for a genetic continuation to the next 
generation, the factors and mechanisms that control their proliferation 
remain largely unknown . In the present study the proliferative effect of 
transforming growth factor-β (TGF-β) was examined on quail PGCs, 
employing the number analysis and several factors related to PGC 
phenotype as an in vitro and the migratory ability of PGCs to gonad 
as in vivo model . The quail has been proven to be a good model in 
numerous fields of research, especially for transgenic technology due 
to short generation time . In this study, initially we attempted to isolate 
quail PGCs from gonad (at stage 28–30) and blood (at stage 13–15) . 
The isolated PGC were cultured on feeder cells derived from chicken 
embryonic fibroblast. The cultured gonadal PGC proliferated about 400-
times versus 100-times in blood PGC during the first 40–50 d. Upon 
in vitro exposure to an Activin or IDE1 small molecule, the number of 
PGCs increased significantly 26% and 64%, respectively. In contrast, 
the inhibition of TGF-β signaling pathway using SB0431542 resulted in 
a significant decrease of PGC number after 10 d of treatment. In addi-
tion, PGCs were found to be upregulated for phosphorylated SMAD2/3, 
suggesting that the potential involvement of TGF-β/ SMAD2/3 in the 
PGC proliferation . Moreover, phosphorylation of SMAD2/3 in IDE1 
group was higher than Activin group . The identities of the PGC were 
confirmed using periodic acid-Schiff (PAS) staining or anti-SSEA1, 
β-Catenin, β-integrin, and Nanog immunofluorescence staining or 
reverse transcription-polymerase chain reaction for several factors 
related to PGC phenotype, DAZL, PRDM14, VASA and Sox2 . Exog-
enously IDE1 expanded PGCs migrated toward the embryonic gonads 
when they were transplanted into the heart of the recipient embryo at 
stage 13–15 Hamburger–Hamilton (HH) . Our results suggest that the 
application of small molecule IDE1 into quail PGCs represents a step 
toward achieving an efficient expansion of the PGCs.

Key Words: quail embryo, primordial germ cell, IDE1 small mol-
ecule, signaling pathway

360P   Functional genomic analysis of putative adhesion and 
environmental fitness factors important to the gastrointestinal 
colonization of Lactobacillus gallinarum in poultry. Tyler Askel-
son*, Timothy Broderick, and Tri Duong, Texas A&M University, 
College Station, TX.

Lactobacillus species are important inhabitants of the gastrointestinal 
tract of humans and animals widely used as probiotics because of their 
health promoting properties . Administration of probiotic Lactobacillus 
in poultry has been demonstrated to improve animal health, growth 
performance, and microbial food safety and is a potentially important 
alternative to the sub-therapeutic use of antibiotics . Although, coloniza-
tion of the gastrointestinal tract is thought to be critical to their probiotic 
functionality, the mechanisms responsible are not well characterized . 
Lactobacillus gallinarum ATCC 33199, isolated from the chicken crop, 
has been demonstrated to be readily transformed, effectively adhere to 

the LMH chicken epithelial cell line, and colonize the gastrointestinal 
tract of broiler chickens . Additionally, the availability of a published 
genome sequence suggests this bacterium to be an important model 
organism for investigating mechanisms of probiotic colonization in 
poultry . The objective of this study was to identify cell surface adhe-
sion proteins and environmental fitness factors of L. gallinarum which 
may promote colonization in the gastrointestinal tract of poultry . 
Computational analysis identified open reading frames (ORFs) encod-
ing cell surface adhesion protein domains including collagen-binding, 
fibronectin-binding, mucus-binding, and surface layer domain contain-
ing proteins and environmental fitness factors including putative acid 
and bile tolerance proteins . However, several ORFs were found to be 
truncated likely due to errors in sequencing and automated annotation . 
Targeted sequencing was performed to confirm and correct sequencing 
errors before manual annotation . Using the corrected sequences and 
updated annotation, PCR primers were designed for amplification and 
cloning of internal gene fragments for the construction of targeted gene 
insertion knockouts using the pORI28 chromosomal integration the 
system . Once constructed, these iso-genic mutants will be used to evalu-
ate the role of these factors in the colonization of poultry . A mechanistic 
understanding of Lactobacillus colonization of poultry can be applied 
to the selection and development of more effective probiotic cultures 
for use in the poultry industry .

Key Words: Lactobacillus, probiotic, adhesion, colonization, mutant

361P   The effect of selenium on the expression of anti-viral 
genes in chickens. Bahram Shojadoost2, A . E . Ted Sefton1, Alexan-
der Bekele-Yitbarek2, Neda Barjesteh2, Adrianna Laursen2, Khaled 
Taha Abd Abdelaziz2, Kristen Brennan*3, Kayla Price1, Trevor 
Smith4, and Shayan Sharif2, 1Alltech, Guelph, ON, Canada, 2Ontario 
Veterinary College, Guelph, ON, Canada, 3Alltech Global Headquar-
ters, Nicholasville, KY, 4Ontario Agricultural College, Guelph, ON, 
Canada.

Selenium is important for the maintenance and regulation of both the 
innate and adaptive immune systems, and is thought to play a role in 
antiviral defenses . The objective of this study was to determine the effect 
of selenium form (organic versus inorganic) and level on the expression 
of genes in immune system organs following a viral challenge . One 
hundred 50 one-day-old specific pathogen free chicks were randomly 
assigned to one of 6 treatments: 1–4) selenium enriched yeast (SEY) 
and sodium selenite (SS) fed at 2 levels (0 .15 mg/kg low [L] or 0 .30 
mg/kg high [H]); 5 and 6 received no supplemental selenium . At 14 d 
of age, birds from treatments 1–5 were challenged with 1 × 106 50% 
tissue culture infectious dose of a low pathogenic avian influenza virus, 
AIV, (H9N2) through the oculo-nasal route . On 14 (pre-challenge), 17, 
19, 21 d of age, n = 6 birds per treatment were euthanized and tissue 
samples from spleen and cecal tonsils (CT) were collected . Using real-
time PCR, the mRNA levels of target genes involved in host response 
to viral infections were determined . A one-way ANOVA, Kruskal 
Wallis and Tukey’s test were used to determine statistical significance. 
Both viperin and OAS mRNA levels were increased (P < 0 .05) with 
Se supplementation, regardless of source, on d 14 in the CT . However, 
there was no effect of treatment on d 17, 19, and 21 . Levels of MDA5 
mRNA were increased (P < 0 .05) in the CT at d 14 in all treatments 
except SEY L. On d19 and 21, interferon α mRNA levels were higher 
(P < 0 .05) in the CT of SEY L birds compared with group 5 . Interferon 
β mRNA levels did not differ in the CT on d 14, 19, and 21. However at 
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d 17, mRNA levels were increased in SS H compared with both controls 
(group 5 and 6). Interferon γ mRNA levels did not differ in the CT. 
However, mRNA levels were increased (P < 0 .05) in SEY L compared 
with group 5 on d 19 . In the spleen, there was no effect of treatment 
on mRNA levels of OAS, viperin, MDA5, interferon α and β at any 
time point. Interferon α plays an important role in mediating antiviral 
immunity through several mechanisms one of which is the induction of 
viperin . In turn, viperin has profound antiviral activities against RNA 
viruses, such as influenza viruses. Overall, the findings presented here 
suggest enhanced innate host responses in Se supplemented birds before 
challenge . While these results suggest a role for Se in antiviral immune 
defenses, further studies are needed to provide clarification.

Key Words: selenium, avian influenza, gene expression

362P   Transfectionof human granulocyte colony stimulat-
ing factor gene via sperm for production of transgenic chickens 
using artificial insemination. Shaban Rahimi*1, Mahin Rahimi1, 
Abdolhossein Shahverdi2, and Mohsen Sharafi1, 1Tarbiat Modares 
University, Tehran, Iran, 2Royan Institute for Stem Cell Biology and 
Technology, ACECR, Tehran, Iran.

Membrane cholesterol in sperm cells may reduce by methyl-b-
cyclodextrin (MBCD) and enhance the membrane fluidity resulting in 
ability of sperm to uptake the heterologous DNA . The aim of this study 
was to analyze the different concentrations of MBCDfor transfection 
of hG-CSF/PcDNA3 .1+ to the Leghorn rooster sperm cells . Ligation 
of to the G-CSFPcDNA3 .1+ was performed and then cloning there 
combining vector was done using genetic engineering methods . Sperm 
samples were washed twice to prevent DNase activity and then were 
transfected with the linearized pcDNA3 .1+/hG-CSF in the presence of 
different concentration of MBCD (0, 1, 2 and 4mM) for determining 
the suitable concentration of MBCD . After transfection, DNA uptake 
and quality indices of sperm (viability, motion characteristics, and 
membrane integrity) were evaluated to determine the best concentra-
tion of MBCD . PCR analysis detected the presence of hG-CSF in the 
leghorn chicken sperm cells in all experimental group except control 
group . Transfection medium containing 1 mM MBCD compared with 
other groups improved total mobility, progressive motility and viability 
of sperm after transfection (P ≤ 0/05). For production of transgenic 
chicken, hens were inseminated (AI) with transfected sperm in group 
of 1 mM MBCD . Seventy eggs were collected, 34 chicks hatched and 
5 chicken died . PCR analysis of the chickens’ blood and dead embryo 
did not identify the transgene in the hatched chicken.Our findings have 
shown that exogenous hG-CSF could be absorbed by rooster sperm 
under treatment with MBCD . Production of transgenic chickens via AI 
with transfected sperm need to be more investigated .

Key Words: cloning, hG-CSF, chicken, sperm, 
methyl-b-cyclodextrin

363P   Improving indigenous chickens in developing countries 
outlet of the Norwegian–Egyptian Project “NORFA” in Egypt 
(1980–2017). Farouk Abdou*1, A . A . Enab1, A . El Fiki1, and N . 
Kolstad2, 1Menoufia University/Faculty of Agriculture and Animal 
Production, Shebin Elkom, Menoufia, Egypt, 2Agricultural University 
of Norway, Oslo Norway.

The purpose of “NORFA” Chickens Project was to develop a new 
breed of chicken by crossing 2 Egyptian indigenous chicken breeds 
(Fayoumi and White Baladi) with 2 Norwegian strains of W . Leghorn . 
The Egyptian breeds had high disease tolerance and were well adapted 

to local conditions and high ambient temperature but they lacked in egg 
production rate while the Norwegian breeds had high egg production 
rate . The genetic crossing was successful in retaining the best of all 
breeds yielding a new breed of chicken “NORFA” with high disease 
resistance, higher egg production rate and a more desirable taste . The 
NORFA project started in Egypt in 1980 with close cooperation with the 
Department of Animal Science, Agricultural University of Norway . The 
Norwegian Agency of International Development (NORAD) donated 
all the equipment needed for the project and provided financial aid for 
operating support for the first 5 years (1980–1985) while Menoufia 
University in Egypt provided financing needed for constructing 7 new 
buildings and their related facilities . The project was able to improve 
production ability at 2 specifically targeted chicken breeder levels; 
farmer level and small holder level of chickens . Data extracted from the 
project has been used as basis for an impressive number of academic 
degrees and published scientific articles that includes 19 Ph.D.s (includ-
ing 2 in progress), 25 M.Sci.s (including 4 in progress), 89 scientific 
researches and seminars . Since the NORFA project inception 37 years 
ago, multiple experiments were conducted to evaluate its progress, 
they all consistently showed positive, superior and prospective results . 
In conclusion, “NORFA” has played an important role as a rich field 
of studies in poultry research and training for a large number of both 
undergraduate and postgraduate students at the Faculty of Agriculture, 
Menoufia University, Egypt.

Key Words: NORFA, chicken, genetic, crossing, selection

364P   MicroRNA regulatory mechanisms of the hepatic meta-
bolic transition in developing chickens. Julie Hicks2, Tom Porter*1, 
and Hsiao-Ching Liu2, 1University of Maryland, College Park, 
MD, 2North Carolina State University, Raleigh, NC.

The major energy source for chicken embryos is hepatic fatty acid 
oxidation of yolk lipoproteins, most of which are used toward the 
end of embryonic development . Yolk lipids are rapidly depleted post-
hatching, and a metabolic switch to a carbohydrate-based energy 
source occurs . MicroRNAs (miRNA), small RNA post-transcriptional 
regulators, participate in many metabolic processes in mammals . To 
characterize miRNA regulatory signatures of the switch from embry-
onic to post-hatch metabolism in chickens, we used Ilumina RNA-seq 
methodologies to profile miRNA and mRNA expression in the liver 
of Leghorn chickens. Hepatic miRNA and mRNA expression profiles 
were developed from 4 birds at each age on embryonic day (E) 18, E20, 
post-hatch day (D) 0, D1, and D3 . Comparison of the E18 (pre-switch) 
and D3 (post-switch) time points revealed that 31 miRNAs were dif-
ferentially expressed (>2-fold) in the liver, while levels of 823 mRNA 
were altered (>2-fold, P < 0 .05) . The expression of a select group of 
miRNAs and mRNAs were confirmed using qPCR. Integration of these 
differentially expressed miRNAs/mRNAs with in silico miRNA target 
prediction revealed that miRNAs likely regulate many important hepatic 
metabolic processes during the metabolic switch in chickens, including 
fatty acid b-oxidation, PPARA activity, carbohydrate metabolism and 
cholesterol biosynthesis. We experimentally confirmed a select group 
of targets for important miRNAs, including let-7c, miR-20b, and miR-
183, using a retroviral-based miRNA expression system . One miRNA 
of interest, miR-20b (downregulated upon hatching) can regulate several 
important upregulated metabolic genes . Yeast one-hybrid analysis of the 
miR-20b promoter identified several important metabolic regulators, 
ZNF143, HIF1A, FOXO3, and EGR1, that can also regulate miR-20b 
expression . Our results highlight the complementary mechanisms that 
tightly regulate the switch in hepatic metabolic pathways associated 
with hatching in chickens .
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365P   Genetic parameters for body weight and egg produc-
tion traits in Korean native chicken. Jaebeom Cha*, Jongdae 
Kim, Boseok Kang, Hyojun Choo, and Kangnyeong Heo, National 
Institute of Animal Science, Pyeongchang-gun, Korea.

This study was performed to estimate genetic parameters using some 
economic traits recorded from 2000 to 2013 and pedigree data of 1993 
to 2013 on 9 Strains out of Korean indigenous chicken . For distributed 
analysis on environmental factors and genetic parameter estimation, 
an analysis was performed by setting year of incubation and pedigree 
factors as fixed effects. Wombat program (Mayer, 2010) and R program 
(Ver . 3 .1 .3) were used to estimate genetic parameters and descriptive 
statistics. Heritability of age at first laying, number of egg laid for 270 

d, egg weight at first laying and 270 d and body weight at 150 and 270 
d represents 0 .23 to 0 .68, 0 .12 to 0 .33, 0 .09 to 0 .26, 0 .40 to 0 .68, 0 .34 
to 0.61 and 0.23 to 0.66 respectively. In genetic correlation coefficients 
among some economic traits, age at first laying and body weight at 
150 and 270 d are showed 0.00 to 0.56, −0.07 to 0.50 middle and posi-
tive correlation each other in almost strain. Age at first laying and egg 
production are showed –0.81 to −0.08 strong and negative correlation. 
Age at first laying and egg weight at first and 270 d is showed 0.31 to 
0 .76 middle and strong positive correlation, 0 .05 to 0 .46 low and strong 
positive correlation. Egg production and egg weight at first and 270 d 
is showed –0.88 to −0.02, −0.64 to −0.03 low and strong and negative 
correlation . The estimated parameters will be used in national genetic 
evaluation for production traits .

Key Words: body weight, egg production, genetic parameter, Korean 
native chicken
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366P   The effects of Bacillus subtilis and yeast cell wall on 
intestinal health of broilers challenged by Clostridium perfrin-
gens. Zhui Li*, Weiwei Wang, Zengpeng Lv, and Yuming Guo, China 
Agricultural University, Beijing, China.

The objective of this experiment was to investigate the effects of Bacil-
lus subtilis, yeast cell wall and their combination on intestinal health 
of broilers challenged by Clostridium perfringens over a 21-d period .
Using a 5 × 2 factorial arrangement of treatments, 800 1-d-old male 
Cobb 500 broilers was used to study the effects of feed additives (without 
additive or with zinc bacitracin, B. subtilis, YCW, and the combination 
of B. subtilis and YCW, respectively), pathogen challenge (without or 
with Clostridium perfringens challenge), and their interactive effects . 
C. perfringens infection increased broilers’ intestinal lesions scores, 
damaged broilers intestinal histomorphology, increased the serum endo-
toxin concentration, cytokine mRNA expression levels and intestinal 
population of C. perfringens and Escherichia coli, and decreased ileal 
Bifidobacterium numbers . The 4 additives decreased the serum endo-
toxin . Zinc bacitracin tended to decrease cytokine mRNA expression 
levels and the intestinal number of C. perfringens and E. coli . B. subtilis, 
YCW and their combination increased cytokine mRNA expression . B. 
subtilis and YCW decreased the number of C. perfringens and E. coli 
in ileum, and their combination decreased the pathogens numbers in the 
ileum and cecum . In conclusion, B. subtilis, YCW and their combina-
tion improved the intestinal health of NE-infected broilers, and could 
be potential alternatives of the antibiotics .

Key Words: Bacillus subtilis, yeast cell wall, Clostridium perfrin-
gens, necrotic enteritis, broiler

367P   The effects of Lactobacillus acidophilus on growth 
performance and intestinal health of broilers challenged with 
Clostridium perfringens. Zhui Li*, Weiwei Wang, Beibei Zhang, and 
Yuming Guo, China Agricultural University, Beijing, China.

This study examined the effects of Lactobacillus acidophilus on the 
growth performance and intestinal health of broiler chickens challenged 
with Clostridium perfringens over a 21-d period . Using a 2 × 2 facto-
rial arrangement of treatments, 308 1-d-old male Arbor Acres broiler 
chicks were used to study the effects of probiotic (without or with L. 
acidophilus), pathogen challenge (without or with C. perfringens), and 
their interactive effects . During infection (d 14–21), C. perfringens 
challenge decreased ADG (P < 0 .05) and gain:feed ratio (P < 0 .05), and 
increased the mortality rate (P < 0 .05) . However, L. acidophilus treat-
ment increased the body weight of C. perfringens-infected broilers at d 
21 (P < 0 .05), and tended to decrease mortality (P = 0 .061) . C. perfrin-
gens challenge decreased the villus height (P < 0 .05), villus height:crypt 
depth ratio (P < 0 .05) and OCLN (occludin) mRNA expression (P < 
0.05), but increased pro-inflammatory cytokine expression in the spleen 
and jejunum, increased intestinal population sizes of C. perfringens (P 
< 0 .05) and Escherichia (P < 0 .05), and increased the serum endotoxin 
content (P < 0 .05), regardless of L. acidophilus addition . In contrast, L. 
acidophilus decreased the intestinal lesion score of challenged broilers 
(P < 0 .05), tended to increase the villus height (P = 0 .057), decreased 
pro-inflammatory cytokine expression and ileal populations of Esch-
erichia (P < 0 .05), increased intestinal Lactobacillus populations (P < 
0 .05), and decreased serum endotoxin content (P < 0 .05), irrespective 
of C. perfringens challenge . In conclusion, addition of L. acidophilus 

to feed could improve the intestinal health and growth performance of 
broilers suffering from necrotic enteritis .

Key Words: broiler, Clostridium perfringens, intestine, Lactobacillus 
acidophilus, necrotic enteritis

368P   Identification and functional characterization of a novel 
chicken interleukin 26 (chIL-26). Yeong Ho Hong*1, Anh Duc 
Truong1, Yeojin Hong1, Hans Cheng2, and Hyun Lillehoj3, 1Chung-
Ang University, Anseong, Gyeonggi-do, Korea, 2USDA-ARS, East 
Lansing, MI, 3USDA-ARS, Beltsville, MD.

Interleukin-26 (IL-26) is a member of the IL-10 cytokine family, first 
discovered based on its peculiar expression by virus-transformed T cells, 
induces the production of proinflammatory cytokines by T cells. The 
main objective of this study was to identify and functional characteriza-
tion of chicken interleukin 26 (chIL-26) . The chIL-26 cDNA encodes 
an 82-amino-acid protein, and the homologies of chIL-26 amino acid 
sequence and mammalian ranged between 26% and 42% . IL-20R2 and 
IL-10R1, which are 2 essential receptors for chIL-26 signaling, were 
expressed in primarily in the CU91 T cell line as well as CD4+ and CD8+ 
T cells. chIL-26 stimulation induced Th1 cytokines (IL-16 and IFN-γ), 
Th2 cytokines (IL-4, IL-6, and IL-10), Th17 cytokines (IL-17A, IL-17D, 
and IL-17F), and chemokine transcripts (CCL3, CCL4, CCL5, CCL20, 
and CXCL13) in the CU91 T cell line and in CD4+ and CD8+ T cells, 
however IL-18 was not expressed in the CU91 T cell line . Collectively, 
chIL-26 is a member of the IL-10 family, has proinflammatory properties 
related to IL-20R2 and IL-10R1 receptor expression, and modulates T 
cell proliferation and proinflammatory gene expression. Moreover, we 
evaluated its functional roles, particularly in the pathogenic costimula-
tion of T cells, which may be significantly associated with the induction 
of cytokines and provide novel insights into the regulation of immunity, 
inflammation, and immunopathology.

Key Words: chicken interleukin-26, Th1 cytokine, Th2 cytokine, 
Th17 cytokine, chemokine

369P   Local antibody and cellular immune responses induced 
by inactivate infectious bronchitis virus vaccine encapsulated in 
chitosan nanoparticles are important tracheal immune-protection 
correlates. Priscila Lopes*2, Cintia Hiromi Okino1, Filipe Santos 
Fernando2, Caren Pavani2, Luciana Facco Dalmolin3, Viviane 
Mariguela Casagrande2, Maria de Lurdes Feres Tamanini2, Maria de 
Fatima S . Montassier2, Renata Fonseca Vianna Lopez3, and Helio 
José Montassier2, 1Empresa Brasileira de Pesquisa Agropecuária, 
São Carlos, Brazil, 2Universidade Estadual Paulista–Unesp 
Jaboticabal, Jaboticabal, Brazil, 3Universidade de São Paulo–Usp 
Ribeirão Preto, Ribeirão Preto, Brazil.

The infectious bronchitis virus (IBV) causes a disease of high economic 
impact to the poultry industry . Conventional inactivate IBV vaccines 
elicit systemic antibody and cell-mediated immune (CMI) responses, 
but little or no mucosal immune responses of the respiratory system, 
in which is primary viral replication site . The objective of this study 
is to evaluate the correlation between the mucosal antibody and CMI 
responses induced by an inactivate IBV vaccine encapsulated in chitosan 
nanoparticles (IBV-CS) administered via oculo-nasal and the patho-
logical alterations developed after challenge with a homologous strain 
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of IBV . Two groups of SPF chickens were vaccinated at 14 d of age 
with different IBV-CS vaccine protocols, associating or not to a prior 
immunization at 1 d-old with attenuated Massachusetts vaccine and 4 
weeks later the birds were challenged with homologous virulent strain . 
Two control groups of birds were also included; one comprising non-
vaccinated and IBV-challenged birds, and another was not immunized 
nor challenged . At 5 d post-infection, the chickens were euthanized 
to collect tear and tracheal samples . The levels of anti-IBV IgG and 
IgA antibodies were measured in tear samples by ELISA . Ciliostasis, 
Granzyme A gene expression (CMI responses) and quantification of 
viral load by RT-qPCR were evaluated in tracheal samples. Significant 
negative correlations were found between the mucosal antibody levels 
and CMI responses with the intensity of pathological alterations in 
trachea of vaccinated birds. Correlation coefficients between ciliostasis 
scores and viral loads in trachea with the Granzyme A gene expression 
and the levels of anti-IBV antibody isotypes in tear at 5 dpi ranged from 
−0.405 to −0.553. In conclusion, mucosal antibody and CMI responses 
developed after vaccination wit IBV-chitosan nanoparticles could be 
taken as good correlates of protection against this virus .

Key Words: inactivated infectious bronchitis vaccine, correlation, 
mucosal immune response, tracheal lesions, cell-mediated immune 
response

370P   Fecal shedding of Eimeria as a parameter of effectiveness 
for therapeutic and prophylactic interventions. Kaylin Krueger*1, 
Whitney Briggs1, Kim Wilson1, Audrey Duff1, John Barta2, Billy 
Hargis3, and Lisa Bielke1, 1Ohio State University, Columbus, 
OH, 2University of Guelph, Guelph, ON, Canada, 3University of 
Arkansas, Fayetteville, AR.

Coccidiosis, caused by species of Eimeria, is a prevalent disease in 
poultry and has historically been controlled by live oocyst vaccination or 
drugs . Parameters most commonly measured for effectiveness of control 
strategies include lesion scores (LS) and performance parameters such 
as body weight gain (BWG) and feed conversion ratio . However, LS, 
measured after one Eimeria life cycle, report only pathogenesis at a sin-
gular time point, and performance parameters depend on proper cycling 
of the protozoa . Oocysts per gram (OPG) of feces were investigated 
as an additional method to measure impact of treatments for Eimeria 
in chickens . Two independent experiments measured fecal OPG after 
challenge in an addition to LS and BWG . In both experiments, 4 d after 
E. maxima challenge, birds were placed in wire floor cages, according 
to treatment, with 3 chickens per pen and 3 replicate pens . Feces were 
collected daily and oocysts counted for calculation of OPG . In Exp 1, 
peak shedding was at 7 d post challenge (DPC), followed by a significant 
(P < 0 .05) decrease in OPG in the treated group compared with control 
group at 8 DPC. Lesion scores were significantly higher (P < 0 .05) in 
untreated control during the acute infection, and BWG was numerically 
higher . In Exp 2, peak in oocyst shedding was at 7 DPC followed by a 
decline that approached 0 OPG by 10 DPC . This pattern of high shed-
ding overstated the infection severity compared with LS and BWG data, 
which suggested that infection severity was low. There was no significant 
reduction in BWG in treated versus control groups, and lesions scores 
were mild and insignificant across all groups. Fecal shedding of oocysts, 
affected by replication in schizogeny cycles, was an additional data set 
that contributed to the ability to measure effectiveness of anti-coccidial 
treatments in these studies . Due to the complex replication cycle of 
Eimeria, this measurement of treatment effect was able to determine 
a decrease in replication of E. maxima in an experiment for which LS 

and BWG were not affected, which suggested that OPG may provide 
another tool for determining effectiveness of intervention strategies .

Key Words: fecal shedding, Eimeria, oocysts per gram, coccidia

371P   Efficacy of a liposomal Aspergillus vaccine against pul-
monary aspergillosis in SPF chickens. Jill Adler-Moore*1, Hernan 
Reza1, Tracey McNamara2, Lisa Griggs2, Ellen Collisson2, Sam 
Ho3, Suming Chiang3, and Gary Fujii3, 1Cal Poly Pomona, Pomona, 
CA, 2College of Veterinary Medicine, Pomona, CA, 3Molecular 
Express Inc., Rancho Dominguez, CA.

Aspergillosis is a pulmonary infection of different avian species, most 
often caused by the ubiquitous saprophytic fungus Aspergillus fumigatus . 
It is common in the poultry industry producing not only direct morbid-
ity and mortality, but also group culling and meat condemnation if 
there is indication of a pre- or post-mortem infection . Treatments for 
aspergillosis in poultry have had limited success because the regimens 
involve a combination of topical and inhalation drug treatments which 
are logistically challenging . Consequently, there is a need to develop 
a safe and effective Aspergillus vaccine for poultry . To execute the 
vaccine studies, we first had to standardize a pulmonary aspergillosis 
model in SPF chickens (n = 7/group) . Variables investigated included 
fungal spore challenge dose, age of chickens, and immunosuppressive 
regimen since immunosuppression is a major risk factor for aspergil-
losis . We determined that mucosal/eye infection of 35–42 d old chickens 
with 4 .2x108A. fumigatus spores in 200 ul, following intramuscular 
dexamethasone administration at 4.5 mg/kg on day −1, 0, +1 and +2 
relative to challenge d 0, would produce morbidity and high fungal 
burden in the lungs and tracheas [colony forming units (cfu)/g tissue] . 
We used this Aspergillus infection model to test a VesiVax liposomal 
vaccine containing the immunogenic recombinantly made Aspergillus 
proteins, Aspf3 and Aspf9, and the adjuvants monophosphoryl lipid A 
or tucaresol . SPF chickens (n = 7/group) were given 3 treatments with 
either vaccine or control phosphate buffered saline (PBS) (1 subcutane-
ous prime and 2 mucosal/eye boosts) 2 weeks apart, beginning at 10 d 
of age . One week later, birds were challenged with A. fumigatus spores, 
monitored for morbidity and 7 d later serum, lungs and tracheas col-
lected, homogenized and plated on Sabouraud’s agar to determine cfu/g 
fungus . Both liposome-vaccinated groups had 100% survival while the 
PBS control group had a survival of 63% . Both vaccines produced 3-fold 
reductions in lung and tracheal fungal burdens compared with PBS and 
elevated levels of anti-spore antibodies . The results of these experiments 
suggest the potential for this Aspergillus liposomal vaccine to be an 
effective method of protecting poultry from pulmonary aspergillosis .

Key Words: aspergillosis, liposome, vaccine, chicken, fungus

372P   Intestinal immunometabolic phenotype changes induced 
by Eimeria maxima that increase susceptibility to necrotic enteri-
tis (NE). Mike Kogut*1 and Ryan Arsenault2, 1USDA-ARS, College 
Station, TX, 2University of Delaware, Newark, DE.

The typical model for the development of experimental necrotic 
enteritis (NE) in chickens is the co-infection of Eimeria maxima and 
Clostridium perfringens . This co-infection leads to several genotypic 
changes in the host associated with NE . Our interest lies in asking what 
immunometabolic phenotypic changes in the intestine are induced by 
the coccidial infection that leads to the increased susceptibility of the 
bird to a pathogenic clostridial intestinal infection . Using a chicken-
specific immunometabolism peptide array, At 2 weeks of age, 35 
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chicks were challenged with a 10× dose of oocysts from a commercial 
live coccidiosis vaccine and 35 birds were left non-vaccinated . Five 
non-vaccinated and 5 vaccinated birds were sacrificed daily (Days 
1–6 post-vaccination) and 40 mg tissue samples from the duodenum, 
jejunum, ileum and cecum were collected, and flash frozen in liquid N2, 
homogenized, and the cell-free homogenate applied to the peptide array 
protocol. We found the significant (P ≤ 0.01) dephosphorylation of 13 
(13) peptides involved in the glycolytic cascade at 96 h post-infection 
(2nd generation schizogony), 6 (6) at 120 h (gametogony), and 4 (4) at 
144 h (gametogony/oocyst development) showing that the parasite is 
inhibiting glycolysis by the host . Further, key metabolic changes that 
affected fatty acid and glucose metabolism through the activation of 
5′-adenosine monophosphate-activated protein kinase (AMPK), via 
acetyl-CoA carboxylase 2 (ACC2), peroxisome proliferator-activated 
receptor gamma coactivator 1-α (PGC-1α), and the NAD sirtuin 
deacetylases, sirtuin 1, 6, and 3 . Immunologically, Eimeria maxima 
infection: (1) inhibited TLR signaling by dephosphorylating TLR 1, 
3, 5, and 7, as well as multiple sites of the canonical TLR pathways 
(TRAF6, TAB1, TOLLIP, MyD88); (2) inhibited host cell apoptosis 
was inhibited by dephosphorylation of HSP70, caspase 8, and caspase 
3, and the significant phosphorylation of the apoptosis inhibitor IAP2; 
(3) significantly dephosphorylated JAK2, STAT3, and STAT4, and (4) 
the Type I interferon pathway is inhibited as observed by the dephos-
phorylation of IRF1 and IFNα/βR. This is the first report of significant 
alterations in regulatory metabolic and inflammatory signaling pathways 
induced by Eimeria maxima infection that provides new insights in the 
mechanisms that increase susceptibility of chickens to the establishment 
of clostridial infections leading to NE .

Key Words: Eimeria maxima, necrotic enteritis, immunometabolism, 
glycolysis, AMPK

373P   Immunomodulatory roles of chicken NK-lysin-derived 
peptide cNK-2 as a host defense peptide. Woohyun Kim*1, Hyun 
Lillehoj1, and Wongi Min2, 1USDA-ARS, Baltimore, MD, 2Gyeong-
sang National University, Jinju, Gyeongnam, Korea.

NK-lysin (NKL), a cationic antimicrobial peptide produced by activated 
NK and T cells, play a role in innate immunity against infectious patho-
gens through its selective membrane disruptive property . We previously 
demonstrated in vitro anticoccidial activity of chicken NKL (cNKL) as 
well as cNK-2, which is a synthetic peptide incorporating core α-helical 
region of cNKL . Besides direct antimicrobial activity of antimicrobial 
peptide against diverse pathogens, immunomodulatory activity to host 
cells is getting more attention recently . In this study, we investigated if 
cNKL peptides has abilities to modulate immune response in chicken 
macrophage cell line, HD11 and primary chicken monocytes in terms of 
induction of chemokine and cytokine production . Of the 4 NKL derived 
peptides, cNK-2 induced MIP-1β, RANTES and IL-1 β while no induc-
tion was identified by the other 3 cNKL peptides at 10 µg/mL which 
is lower concentration than that of showing direct cytotoxicity against 
sporozoites of Eimeria spp . Furthermore, we evaluated a possible role 
of cNK-2 in LPS-induced inflammatory response. cNK-2 significantly 
suppressed the expression of the pro-inflammatory cytokine IL-1β by 
71 .1% in HD11 cells and 83 .2% in primary monocytes . This study 
indicates that in addition to the direct microbial activity, cNK-2 also has 
diverse immunomodulatory activities such as induction of chemokine 
and cytokine expression and modulation of inflammatory response in 
avian innate immune system .

Key Words: chicken NK-lysin, cNK-2, immunomodulation, host 
defense peptide, antimicrobial peptide

374P   Transmission of toxoplasmosis from feral cats to 
chickens. Si Hong Park3, Edmundo Cuadra1, Javier Perez1, Gabriel 
Sanson1, Nicholas Sundet1, Sergio Trana1, and Irene Hanning*2, 
1Lincoln International Academy, Managua, Nicaragua, 2University of 
Tennessee, Knoxville, TN, 3University of Arkansas, Fayetteville, AR.

Toxoplasmosis is considered a foodborne illness primarily sourced to 
raw and undercooked meat . Feral cats are a primary host for this para-
site and, in Nicaragua, most cats are feral as people use cats for rodent 
control . Work conducted in Brazil, indicates that free-range poultry 
were seropositive for T. gondii and cats fed brains and hearts from those 
chickens subsequently shed oocysts . The purpose of this study was to 
determine if transmission of toxoplasmosis from feral cats to chickens 
was possible and if so, did edible portions of the chicken become con-
taminated . Fresh feces from a toxoplasmosis positive cat was collected 
and suspended in water at a 1:10 ratio . A group of 10 chickens received 
0 .25 mL of the fecal suspension orally and the control group was given 
water. All chickens were weighed on a weekly basis and sacrificed at 
35 d of age . Blood, tissue, and intestinal contents were collected and 
analyzed for toxoplasmosis by PCR or ELISA . None of the tissues or 
intestinal contents were positive by PCR for T. gondii. Blood samples 
were negative for antibodies to Toxoplasmosis . These data indicate that 
the strain of Toxoplasmosis carried by the cat host used in this study did 
not cause infection in the chickens . The dominant strain of Toxoplamosis 
varies geographically and other work has shown infection in chickens 
with Toxoplasmosis is possible . Therefore, the lack of infection in this 
study may be due to strain-to-strain variance and infection ability . The 
lack of infection may also be due to strain sensitivity to temperature 
as body temperature of the chicken (42°C) is higher than ideal for 
toxoplasmosis replication and survival. Currently, strain identification 
is being conducted on toxoplasmosis collected in these experiments .

Key Words: toxoplasmosis, transmission, feral cats

375P   Performance and body composition of broilers fed phy-
togenic additives. Mallory White*, Virginia Tech, Blacksburg, VA.

This study evaluated the effects of phytogenic additives provided as 
dietary supplements over a 6-week period on performance and body 
composition of broiler chickens . In total, 1056 d-old Cobb 500 male 
chicks were randomly placed in 8 replicate pens (22 birds/pen) assigned 
to each of 6 treatments in a randomized arrangement including a no-
additive control (NC), an antibiotic growth promoters control (AGP), 
and 4 phytogenic products (PHY 1–4) . Feed intake and performance 
were assessed at wk 1, 2, 4 and 6 on pen-basis, and body composi-
tion measured at d 42 on featherless carcasses (n = 3/pen) using Dual 
Energy X-Ray Absorptiometry (DXA) . Data were analyzed using 2-way 
ANOVA with LS Means to separate means with significance assigned at 
P ≤ 0.05. Dietary treatments had little effect on overall performance as no 
differences were observed in d 42 bird weights and gains . Only d-42 FCR 
was higher in PHY2 relative to NC, AGP and PHY3 . Interestingly, 42-d 
DXA analysis revealed that birds from all 4 phytogenic-supplemented 
groups had lower fat content and higher lean mass than those in the AGP 
group . Also, birds of the PHY2 and PHY3 groups exhibited reduction 
in body fat and increase in lean tissue compared with NC birds . This 
finding may potentially indicate a differential allocation and more effi-
cient conversion of dietary resources with phytogenic supplementation . 
Further investigation of microbial profiling and responses to enteric 
challenges may provide additional clues of the mechanistic functions 
of these phytogenic products .

Key Words: phytogenics, broiler, performance, dual energy X-ray 
absorptiometry (DXA)
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376P   Role of selenium enriched yeast in enhancement of 
immunogenicitiy and efficacy of vaccines against low pathogenic 
avian influenza virus (H9N2) in chickens. Bahram Shojadoost2, 
A . E . Ted Sefton*1, Alexander Bekele-Yitbarek2, Neda Barjesteh2, 
Adrianna Laursen2, Tamiru Alkie2, Khaled Taha Abd Abdelaziz2, 
J . Shojadoost2, Kayla Price1, Trevor Smith3, and Shayan Sharif2, 
1Alltech, Guelph, ON, Canada, 2Ontario Veterinary College, Guelph, 
ON, Canada, 3Ontario Agricultural College, Guelph, ON, Canada.

Selenium has been shown to influence vaccine efficacy. The objective of 
this study was to determine the effect of selenium form (organic versus 
inorganic) on antibody production during vaccination and resulting 
impact on vaccination success via viral challenge . Ninety, one-day-old 
specific pathogen free chickens were randomly divided into 6 treat-
ment groups: 1–4) selenium enriched yeast (SEY) and sodium selenite 
(SS) fed at 2 levels (0 .15mg/kg low [L] or 0 .30mg/kg high [H]); 5 and 
6 received no supplemental selenium . Groups 1–5 were immunized 
intramuscularly using a prime-boost regimen with primary immunization 
at 14d and secondary immunization 21d . Birds were vaccinated with 
formalin inactivated H9N2 AIV, adjuvented with AddaVax (Invitrogen, 
Canada) . At 30d groups 1–6 were challenged with 1 × 106 50% tissue 
culture infectious dose of a low pathogenic H9N2 AIV through the oculo-
nasal route . Blood samples were collected from the wing vein at 7, 21, 
and 30d. Serum antibody levels against influenza viral antigens were 
assessed for IgG and IgM by ELISA . Haemagglutination inhibition (HI) 
and virus titers were also determined . Although there were no statistically 
significant differences among IgM and IgY at 21 and 28d among groups 
1–5, some numerical trends were observed . At 21d, birds in the SS H 
and SEY H groups, showed higher IgM and IgY, respectively . At 30d, 
IgM in the SS L and SEY L groups were higher than the other groups . 
SEY treated groups had numerically higher IgY than the other groups . 
Chickens in the SEY H group had significantly higher (P < 0 .05) HI titers 
compared with the SS groups and group 5 . At 5 d post challenge (dpc), 
SEY and SS L groups had significantly (P < 0 .05) lower cloacal AIV 
titers than the non-supplemented, vaccinated, challenged group (5) . At 
7dpc all selenium supplemented groups had lower titers compared with 
group 5. At 3dpc, all selenium supplemented groups had significantly 
(P < 0 .05) lower oropharyngeal AIV titers than group 5 . At 5dpc SEY 
supplemented groups had significantly lower oropharyngeal AIV titers 
than group 5 with no significant difference between group 5 and the SS 
groups. At 7dpc, no significant difference was observed between groups. 
The immunogenicity and efficacy of a low pathogenic avian influenza 
vaccine was enhanced through the use of SEY (organic selenium) as 
demonstrated by enhanced antibody response after immunization in 
addition to lower cloacal and oropharyngeal AIV titers .

Key Words: selenium, avian influenza, immunity, vaccine

377P   Implications of mycotoxins on productive performance 
and nutritional efficiency of broilers. Carolina Franceschi*, Ines 
Andretta, Paula Gabriela Pires, Marcos Kipper, Bruna Schroeder, 
Priscila Moraes, and Carolina Franceschi, Federal University of Rio 
Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil.

Over one quarter of the world’s food crop production was estimated to 
be contaminated with mycotoxins . Mycotoxicosis are a serious issue for 
animal production worldwide, particularly to non-ruminant species . The 
meta-analytical study was developed to evaluate the impacts of mycotox-
ins on productive performance and nutritional efficiency of broilers. A 
database was constructed with information collected in 51 .497 birds and 
published in 158 scientific papers from 1980 to 2015. The main criteria 
for the publication selection were: complete research articles reporting 

experimental in vivo studies assessing the effects of dietary intake of 
mycotoxins on productive performance responses of broilers from 1 to 
42 d old . After the papers selection, the information related to the pro-
posed theoretical model and other additional variables were transferred 
to electronic spreadsheets . The analyzed variables were performance 
response, as feed intake, weight gain and calculated feed efficiency 
ratio . Meta-analysis were performed following 3 sequential analyses: 
graphical, correlation, and variance-covariance . Equations were used 
to study the relation between feed intake (FI) and weight gain (G) . For 
this purpose, the performance responses of challenged treatments were 
relativized to the respective control (non-challenged) treatments and 
expressed as percentage of variation (ΔFI and ΔG). All analyses were 
performed using Minitab 17 software . The results indicated that broil-
ers fed diets containing mycotoxins reduced (P < 0 .05) the feed intake 
by 9%, the weight gain by 15%, and the feed efficiency ratio by 6% 
compared with the control treatments. The correlation between ΔG and 
ΔFI was 0.686 (P < 0.001). The ΔG observed in challenged treatments 
showed a linear relationship with ΔFI (y = −7.73 + 0.04x; in which y 
represented ΔG and x indicated ΔFI; R2 = 0 .77) . The intercepts of the 
regression-base equations were different from zero and negative, which 
may indicate that mycotoxins increased the maintenance requirements in 
challenged animal . In conclusion, mycotoxins are important in poultry 
industry due to the severe damage to animal health and profitability of 
the productive system .

Key Words: correlation, feeding, fungi, meta-analysis, poultry

378P   Effects of Eimeria spp. infection on intestinal interleu-
kin-10 production in broilers. Maria Arendt*, Emily Michael, 
Christopher Nguyen, and Mark Cook, University of Wisconsin-Madi-
son, Madison, WI.

We have previously shown that Eimeria infection increased intestinal 
luminal interleukin-10 (IL-10) . Immunotherapeutic targeting of IL-10 
mitigated the adverse effects of coccidiosis . To further evaluate what 
role Eimeria plays in intestinal IL-10 production, immunofluorescent 
histochemistry was performed on duodenal, jejunal, and cecal tissue 
sections . Twenty chicks per treatment were orally gavaged with either 
a 10× dose of Advent coccidiosis vaccine (Eimeria acervulina, maxima, 
and tenella) or with phosphate buffered saline at 19 d of age . On d 3, 
3.5, 4, 4.5, and 5 post infection 4 chicks per treatment were sacrificed 
and samples were collected . Intestinal slides were prepared and stained 
with a primary antibody: rabbit anti-IL-10 polyclonal antibody (Bioss, 
Woburn, MA), and secondary antibody: goat anti-rabbit fluorescein 
isothiocyanate (FITC) (Bethyl, Montgomery, TX) . Slides were coun-
terstained with 4’,6-diamidino-2-phenylindole (DAPI) and blinded by 
treatment . Three images per slide were scored 1–4 for IL-10 presence 
using an Olympus BX51 Fluorescent Microscope . Scores were 1: little 
to no IL-10, 2: small amounts of IL-10 consistently dispersed, 3: mod-
erate amount of IL-10 with one highly concentrated area of IL-10, 4: 
large amount of IL-10 with multiple highly concentrated areas . Images 
demonstrating scores 1–4 were selected and used to ensure consistency 
by the scorer . Compared with control birds, Eimeria-challenged birds 
exhibited a qualitative increase in IL-10 score within the duodenum on 
Day 5 (control = 1 .2, infected = 1 .8; P < 0 .05), decreased IL-10 secretion 
within the jejunum on Day 5 (control = 2, infected = 1 .7; P < 0 .05), and 
no significant difference in IL-10 secretion in the cecum. The varied 
results in each section of the intestine suggests that the different species 
of Eimeria used in this model of infection may interact with the host 
differently and the changes in IL-10 presence are transient .

Key Words: Eimeria, interleukin-10, coccidiosis
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379P   Chickens from the UCD200 autoimmune scleroderma 
line have heightened innate in vivo responses to particulate 
antigens injected into the dermis of growing feathers. Gisela Erf*, 
Hyeonmin Jang, Daniel Falcon, Joseph Hiltz, and Nicholas Anthony, 
University of Arkansas, Division of Agriculture, Fayetteville, AR.

The UCD200 line of chickens spontaneously develop scleroderma which 
is a complex autoimmune connective tissue disease also known as sys-
temic sclerosis . The objective of this study was to examine the tissue/cel-
lular responses to injection of lipopolysaccharide (LPS), Mycobacterium 
butyricum bacterin (Mb), functionalized graphene-based nanomaterial 
(F-GBN), or vehicle (PBS) into the pulp of growing feathers (GFs) . 
GFs of 9–12 wk-old UCD200 and normal Light-brown Leghorn (LBL) 
chickens were injected with 0 .01 mL of test-material, 20 GFs/chicken, 
and 3 to 5 chickens/treatment . Two GFs were collected before- (0) and 
at 0 .25, 1, 2, 3, 5, and 7 d post-injection . One of the GFs was used to 
determine leukocyte infiltration profiles by flow cytometry. In GFs from 
both lines, PBS injection resulted in a small increase in heterophil levels 
(% pulp cells) at 6 h and 1 d (8–10% at 6 h) . GF-injection with LPS also 
had similar effects in UCD200 and LBL chickens, whereby heterophil 
levels peaked at 6 h (18–22%) and remained elevated (5–10%) at 1–2 
d, before returning to based-line levels by 3 d (1%) . Macrophages 
followed a similar infiltration time-course with peak levels of 4–6%, 
whereas lymphocyte infiltration was not significant (P > 0 .05) . However, 
GF-injection of F-GBN and Mb resulted in greatly higher leukocyte-, 
specifically lymphocyte-, infiltration in UCD200 compared with LBL 
(P < 0.05). For both lines, F-GBN resulted in lymphocyte infiltration by 
6 h that reached peak levels on 1–3 d, and remained elevated on 5 and 
7 d . Lymphocyte levels in UCD200 GFs at these time point were 20%, 
55–62%, 45% and 25%, respectively, whereas those in LBL GFs were 
11% at 0 .25 d and 15–20% on 1, 2, 3 and 7 d . In UCD200 GFs, 50% of 
infiltrating lymphocytes were IgM+ B cells, 25% CD4+ T cells, and 25% 
CD8+ T cells, whereas in LBL chickens IgM+ B cells made up 20% and 
T cells 80%. Similarly drastic line-differences in lymphocyte infiltra-
tion levels were observed in Mb-injected GFs, while the time-course 
of the infiltration response was similar in GFs from UCD200 and LBL 
chickens. These observations confirm previously reported heightened 
cell-mediated immunity in UCD200 chickens, although the observations 
reported here are first to describe quantitative differences in innate local 
cellular responses to particulate test-materials such as F-GBN and Mb, 
but not to soluble LPS, a cell wall product of Gram- bacteria . Funding 
by Arkansas Biosciences Institute-Agriculture; Erf and Anthony Co-PIs .

Key Words: UCD200 chickens, autoimmune scleroderma, infiltrat-
ing lymphocytes, Mycobacterium butyricum, graphene nanoparticles

380P   Evaluation of Eimeria-dietary challenge model to test the 
benefits of alternatives for antibiotic growth promoters in broiler 
birds. Vivek Kuttappan*, Juxing Chen, Fenglan Yan, and Mercedes 
Vazquez-Anon, Novus International Inc., St. Charles, MO.

Eimeria infection is a major reason for economic loss to the modern 
poultry industry due to its direct impact on performance, and being a 
major predisposing factor for dysbacteriosis leading to necrotic enteritis . 
The main objective of present study was to develop an Eimeria-dietary 
challenge model to test the efficiency of various alternatives for antibiotic 
growth promoters (AGP) . In experiment 1, doses of 0, 20, 50, and 100× 
of a commercial coccidiosis vaccine containing 3 different species of 
Eimeria were tested in birds fed with either corn-soy (DIET-1) or corn-
soy with DDGS/animal protein (DIET-2) diets (8 replicates/treatment; 8 
birds/replicate) throughout the trial . Birds were challenged with Eimeria 

on 14d of age, and performance as well as serum color were measured 
on 23d of age . In experiment 2, the treatment groups (10 replicates/
treatment; 10 birds/replicate) included no challenge control (NC), chal-
lenged/positive control (PC; challenged with 20× commercial vaccine on 
14d), PC + Probiotic (spore based probiotic), PC + Essential oil (NEXT 
ENHANCE 150; NE150), and PC + bacitracin methylene disalicylate 
(BMD) . All the birds were fed with DIET-2 throughout the trial . On 
23d performance as well as serum parameters were measured . Data 
were analyzed using ANOVA and means were separated with Fisher’s 
protected LSD test at P < 0 .05 . Results from experiment 1 showed that 
as the dose of Eimeria challenge increased there was a reduction (P < 
0 .05) in body weight, cumulative feed conversion (cFCR), cumulative 
performance index (cPI), and serum color (an indicator of nutrient 
absorption) . Furthermore, birds fed with DIET-2 had lower (P < 0 .05) 
cFCR and cPI than DIET-1 . In Experiment 2, PC showed reduction (P 
< 0 .05) in body weight, cFCR, cPI, and serum color compared with NC . 
In addition, Eimeria challenge also resulted in increased (P < 0 .05) level 
of serum IL-10, an anti-inflammatory cytokine, in PC compared with 
NC . Interestingly, probiotic, NE150, and BMD showed improvement 
(P < 0 .05) in cFCR and reduction in serum IL-10 levels when compared 
with PC birds . Therefore, BMD and AGP alternatives such as probiot-
ics and essential oils can improve performance in broiler birds under 
Eimeria challenge, plausibly by reducing tissue damage associated with 
the infection . In conclusion, Eimeria challenge along with corn-soy 
DDGS/animal protein diet could be an effective challenge model to 
test alternatives for AGPs such as BMD .

Key Words: Eimeria challenge, dietary challenge, probiotics, essen-
tial oil, antibiotic growth promoter

381P   Identification and characterization of Marek’s disease 
virus genes that mediate production of cell-free enveloped infec-
tious virus particles in the feather follicle epithelial cells. Moham-
mad Heidari*, USDA-ARS, East Lansing, MI.

Marek’s disease is an oncogenic lymphotropic α-herpesvirus that causes 
T cell lymphomas in susceptible birds . Latently infected CD4+-CD8- T 
lymphocytes are thought to be the means for virus dissemination to the 
skin and feather follicle epithelial (FFE) cells, the only anatomical site 
where cell-free infectious virus particles are assembled and shed into 
the environment to infect contact birds . MDV is a highly cell-associated 
virus and although other tissues may support the production of a few 
enveloped virus particles, little or no infectious cell-free virions are 
produced in cells other than FFE . Therefore, skin and FFE cells play 
a critical epizootic role as being the common source of re-infection of 
birds sharing the same habitat . The molecular mechanism involved in 
the replication and assembly of MDV in the FFE cells leading to the 
production and release of cell-free infectious virus particles is unknown 
and to date no viral or host gene has been implicated in the process . We 
hypothesized that the inability of the host to effectively block MDV 
replication, virion formation, and shedding in FFE is due to alterations 
in the expression of host or viral genes . To test this hypothesis in an 
unbiased and comprehensive manner, we performed RNA-seq on the 
skin tissue samples of MDV-infected susceptible birds at 10, 20, and 30 
d after infection . Data revealed many virulence- associated MDV genes 
that were differentially expressed in the skin of infected birds when 
compared with the spleen, where no enveloped cell-free virus particle 
is produced. Deletion of gene(s) from bacterial artificial chromosome 
(BAC)-cloned MDV genome is in progress to characterize and determine 
the specific roles of the viral genes that were significantly upregulated 
in the skin of infected chickens . This study provides the groundwork 
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for development of mutant recombinant viruses as vaccine against the 
evolving and highly pathogenic strains of MDV .

Key Words: Marek’s disease, Marek’s disease virus, gene expres-
sion, RNA-seq, feather follicle epithelium

382P   Industry-wide survey of avian pathogenic E. coli levels 
in US broilers. Evan Hutchison*, Alexandra Smith, and Thomas 
Rehberger, Agro BioSciences, Wauwatosa, WI.

Avian colibacillosis is a systemic infection caused by E. coli and is of 
major importance to the commercial poultry industry due to loss of 
yield . Avian pathogenic E. coli (APEC) comprise a specific subset of 
pathogenic E. coli that cause extraintestinal diseases of poultry . Tradi-
tionally, APEC has been controlled in poultry systems with antibiotics, 
but as consumer demand and governmental regulation have put pressure 
on producers to phase out antibiotics, alternative means to effectively 
deal with APEC is required . One of these alternatives is treatment with 
a direct fed microbial (DFM), or probiotic, to combat the prevalence 
of APEC . Many commercially available DFMs exist on the market, but 
their effectiveness varies . This variation may be due to inadequacies of 
certain DMFs to precisely target APEC, and/or the inability of single 
products to adjust to the region- or company-specific APEC challenges. 
Agro BioSciences (ABS) has developed a system called Microbial Ter-
roir to survey the APEC populations of a given region or company, assess 
the effectiveness of a consortia of probiotic Bacillus strains selected 
for their anti-APEC characteristics, and develop a customized DFM 
program to be applied to the system . Follow-up surveys are conducted 
to assess the shifts in level and diversity of APEC populations . In this 
current study, survey data from US broilers was analyzed to determine 
overall effectiveness the ABS DFM program . This analysis comprised 
~2000 broiler gastrointestinal tract (GIT) samples ranging in age from 
6 to 70 d collected from 17 companies over a period of nearly 3 years . 
Results show that the average level of APEC is significantly lower in 
birds treated with ABS DFM than untreated birds . A break-down of 
average APEC levels by age shows that ABS DFM-treated birds had 
lower APEC levels at every week of production tested (0 to 10 wks) 
except wk 6 . These results show an industry-wide trend that provides 
compelling evidence for the effectiveness of the ABS DFM program at 
reducing APEC levels in commercial broiler systems .

Key Words: E. coli, APEC, DFM, probiotic, Bacillus

383P   Effect of supplementing organic selenium on lymphocyte 
proliferation and antibody titer of broilers. Anete Rorig*, Lucas 
Kind Alvares, Regina Buzim, Daianna Rosse Martins Golcalves, 
Daiane Horn, and Jovanir Ines Muller Fernandes, Federal University 
of Parana–Brazil, Palotina, Parana, Brazil.

Organic selenium (Se) compounds perform a key role in biological 
processes . They are more active than inorganic salts and provide more 
efficiently selenium-tissue reserves compared with selenite. There-
fore, during movement of proteins and stress, such as immune system 
activation, Se is incorporated into selenoproteins, such as the amino 
acid selenocysteine . Se stimulates the immune system, strengthening 
proliferation of activated T lymphocytes . There were 1440 1-d-old male 
chicks, which were housed following a completely randomized design 
with 3 treatments and 12 replicates, totaling 36 experimental units with 
40 birds each (density: 11,36 birds/m2) . The experimental diets consisted 
of commercial diet supplemented with 0,3 ppm of inorganic selenium, 
commercial diet supplemented with 0,3 ppm of organic selenium and 
commercial diet supplemented with 0,6 ppm of organic selenium . The 

inorganic source was sodium selenite (45 .6%) and the organic source 
was Selisseo 2% (Adisseo FeedSolutions) . Birds were vaccinated against 
Newcastle (7th d) . Up to 42 d of age, blood samples were weekly col-
lected from one vaccinated and other non-vaccinated bird from each pen 
(24 birds from each treatment) . The serum was separated to study the 
humoral response (ND virus) . Antibody titers against ND vaccine were 
measured with ELISA . Other blood samples were collected with EDTA 
from the same birds to assess cell-mediated (LPR) immune responses . 
The lymphoproliferation was evaluated through Phytohaemaglutinin and 
cell-mediated (LPR) immune responses . In vitro LPR was determined 
using the mitogen Concanavalin A and determined as LPR between the 
proliferation of mitogen-stimulated and unstimulated cells . Vaccinated 
birds showed higher antibody titers and higher LPR than non-vaccinated 
birds . However, the antibody production of Newcastle disease vaccina-
tion or LRP were not affected (P > 0 .05) by the source and the level of 
Se supplementation in the diets . The immune modulator effect of Se 
was not observed above the dose of Se considered suitable for broilers, 
represented by the first level of supplementation of the organic source 
or the inorganic source of selenium used in this experiment .

Key Words: immune response, Newcastle, phytohemagglutinin, 
selenite, selenoproteins

384P   Effect of antibiotic withdrawal in feed on chicken gut 
microbial dynamics, immunity and growth performance. Sanjay 
Kumar*1, Chongxiao Chen2, Nagaraju Indugu3, Gabriela Welang1, 
Manpreet Singh2, Woo Kyun Kim2, and Harshavardhan Thippareddi2, 
1Federal University of Rio Grande do Sul, Porto Alegre, Rio Grande 
do Sul, Brazil, 2University of Georgia, Athens, GA, 3University of 
Pennsylvania, Kennett Square, PA.

Chicken gut microbiome plays an important role in host growth 
performance, health and immunity . There is a need to understand the 
development and dynamics of gut microbiota, gut immunity, and host 
performance resulting from antibiotic withdrawal from feed . The aim 
of the present study was to evaluate the bird growth performance, gut 
microbial community and immunity of the chicks fed either antibiotic-
free or control diets (BMD) from d0 to 42 . Birds were raised on 3 phase 
diets {starter (d0–22), grower (d23–35) and finisher (d36–42)} with and 
without bacitracin dimethyl salicyclate-50 (BMD) for 42 d . Ileal and 
cecal contents of birds, along with feed and litter samples, were col-
lected on d 0, 7, 14, 22, 35 and 42 . Genomic DNA was then extracted 
and sequenced using Ilumina MiSeq Platform . Bird growth performance 
and gut immunity was determined from d 0 to 42 . The bacterial com-
munities in the ileum were more diverse and rich in comparison to the 
cecal communities yet shifted in parallel to one another as the chicks 
mature over time . Firmicutes and Bacteriodetes were abundant in both 
ileum and cecum from d0 to 42 . Abundance of Proteobacteria increased, 
at the expense of Bacteriodetes, in BMD-fed chicks compared with 
antibiotic-free diet-fed chicks. Except for Lactobacillales, significant 
interactions (P < 0 .0001) between days, diets and treatments were 
observed in all the members of phylum Firmicutes in both cecum and 
ileum . Campylobacter was randomly isolated in both cecal and ileal 
samples, irrespective of BMD during growth period . Corresponding 
poultry litter was also distinct, yet more closely represented the cecal 
bacterial populations (shared 130 OTUs) than ileal bacterial populations 
(Shared 104 OTUs) . Feed containing BMD enhanced (P ≤ 0.05) early 
weight gain in birds, however at d 42 BMD-free diet fed birds showed 
higher BWG . Though no difference in VFA production was observed 
in both groups, significant VFA production (P ≤ 0.05) was observed as 
birds advanced in age . Gut immunity showed considerable difference 
in both BMD and BMD-free fed diets chick and also as poults mature 
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over time . These results demonstrates that BMD had negative effect on 
both cecal and ileal microbial communities, immunity with no difference 
in energy production of the poults .

Key Words: broiler, gut microbiota, bird performance, immunity, 
pathogen

385P   Cecal microbiota potentially contributes to enterococcal 
spondylitis in broilers. Joshua Rehberger*, Alexandra Smith, Evan 
Hutchison, Dan Karunakaran, and Thomas Rehberger, Agro BioSci-
ences, Wauwatosa, WI.

Enterococcal spondylitis is a disease characterized by inflammation 
followed by paralyzation at the caudal thoracic vertebrae of 4 to 6 week 
old broiler chickens . Enterococcus cecorum has been isolated from the 
vertebrae and ceca of diseased broilers . E . cecorum is a commensal part 
of the gastrointestinal microbiota until certain conditions allow for sys-
temic infection . To better understand the conditions in which E . cecorum 
becomes an opportunistic pathogen we collected cecal mucosa of 5 broil-
ers showing early signs of disease (symptomatic) and 5 asymptomatic 
broilers from 2 barns and from 2 different flocks. DNA was extracted 
from the cecal mucosa samples, amplified with 16S V4 primers and 
amplicons sequenced by Illumina . Sequence data were analyzed using 
QIIME 1 .9 . Paired sequences were joined with a minimum of 100 base 
pair overlap, sequences were demultiplexed with a minimum quality 
score of Q20, de novo OTU picking was performed and taxonomy was 
assigned using the Greengenes database at 97% . Taxonomy was then 
confirmed using EZBioCloud. Analysis of sequence data reveals that 
there is high bird to bird variability in cecal microbiota and that varia-
tion is largely attributable to flock and barn. Kruskal-Wallis one-way 
ANOVA determined that of OTUs representing greater than 0 .3% of the 
total sequences Enterobacteriaceae, Alistipes finegoldii, Coprobacillus 
and Subdoligranulum variabile were all more abundant (P < 0 .05) in 
symptomatic birds . Barnesiella viscericola and Christensenellaceae 
were more abundant (P < 0 .05) in the cecal microbiota of asymptomatic 
broilers . Ruminococcus, Butyricimonas paravirosa, Parabacteroides 
distasonis, Alistipes onderdonkii, Christensenellaceae and Bacteroides 
xylanisolvens all tended (P < 0 .1) to be more abundant in symptomatic 
birds . E. cecorum was detected and numerically higher in symptomatic 
birds but the difference was not significant. A greater understanding 
of cecal microbiota changes during the progression of enterococcal 
spondylitis may aid in developing solutions to ameliorate the disease .

Key Words: enterococcal, spondylitis, Illumina, microbiota

386P   Effect of antibiotic administration on the frequency of 
intestinal intraepithelial leukocytes and goblet cells in broiler 
chicks challenged with Clostridium perfringens. Yewande Fasina*1 
and Frederic Hoerr2, 1North Carolina A&T State University, Greens-
boro, NC, 2Veterinary Diagnostic Pathology LLC, Fort Valley, VA.

Clostridium perfringens (CP) Type A is the etiologic agent of necrotic 
enteritis (NE), an economically important enteric disease of poultry . A 
major symptom of NE disease is the disruption of the small intestinal 
epithelium, accompanied by the loss of constituent cells . Bacitracin 
methylene disalicylate (BMD) is an antibiotic that is commonly 
included in commercial poultry diets for the control of CP-induced NE . 
An experiment was conducted to investigate the efficacy of BMD in 
mitigating the loss of intraepithelial leukocytes (IECs) and goblet cells 
(GCs), in the intestinal epithelium of CP-infected chicks . Chicks (400) 
were obtained from a commercial hatchery and randomly assigned to 
4 treatments . Treatment 1 (CX) consisted of chicks fed unmedicated 

corn-soybean meal (SBM) diet . Treatment 2 (MX) consisted of chicks 
fed corn-SBM basal into which BMD was added at 0 .055g/kg . Treat-
ments 3 (PCX) and 4 (PMX) consisted of chicks fed diets similar to 
those given to CX and MX, respectively, and were additionally chal-
lenged with 3 .5 mL of CP inoculum (108 cfu/mL) on d 14, 15, and 16 
of experiment. The establishment of CP infection was confirmed, with 
the treatment groups exposed to CP having a 1 .5 to 2-fold higher CP 
levels (P < 0 .05) compared with the non-exposed groups . On d 5 post-
challenge, segments of the small intestine were collected, histologically 
processed, and stained with hematoxylin and eosin for the visualization 
of IECs and GCs . Results indicated that the intestines of CP-challenged 
chicks (PCX and PMX) had fewer IECs and GCs (P < 0 .05) compared 
with those of chicks in the CX and MX treatments . It was concluded 
that BMD supplementation did not prevent epithelial necrosis during CP 
infection in broiler chicks . This suggests that the antimicrobial activity 
of BMD against CP is questionable .

Key Words: Clostridium perfringens, antibiotic, intestinal intraepi-
thelial leukocytes, goblet cells, broiler chicken

387P   Growth and metabolic indices of furazolidone-induced 
cardiomyopathy in the Pearl Grey guinea fowl. Collins Khwa-
tenge*, Thyniece Taylor, and Samuel Nahashon, Tennessee State 
University, Nashville, TN.

Dilated cardiomyopathy (DCM) is a naturally occurring heart disease 
in poultry, especially broilers, that is associated with high mortality in 
rapidly growing birds . The disease is common in broilers and its causes 
are least understood . This condition has not been reported in guinea fowl 
and therefore, the purpose of this study was to induce cardiomyopathy 
in guinea fowl and elucidate physiological changes associated with 
onset of DCM . In 3 replications 5-week-old Pearl gray guinea fowl 
keets were fed corn-soy diets containing 0 (control), 400, 600 and 800 
ppm furazolidone for 4 weeks . The experimental diets were fed in mash 
form and contained 3,000 kcal of metabolizable energy (ME)/kg diet 
and 24% crude protein (CP) at 0–5 weeks of age (WOA) and 3,100 ME 
kcal/kg and 24% CP at 5–9 WOA . After 9 WOA, experimental birds 
were selected at random, blood samples were collected, the birds were 
then euthanized and liver and heart tissue samples were collected and 
immediately frozen in liquid nitrogen . Total RNA was extracted from the 
tissues, reverse transcribed and quantified to evaluate the expression of 
the cardiac and liver Troponin (TNT) and Phospholamban (PLN) genes 
which serve as markers for dilated cardiomyopathy . Feeding guinea fowl 
800 and 600 ppm Furazolidone successfully induced cardiomyopathy 
in guinea fowl . The induction of the condition was associated with a 
significant decrease in feed consumption and body weight gain and a 
significant reduction in feed efficiency. Feeding the 600 and 800 ppm 
furazolidone had a notable downregulation of TNT and PLN in the heart 
muscle and liver . Liver hyperplasia, severe ascites, a decrease in serum 
creatinine, bilirubin, glucose, protein, and alkaline phosphatase, and an 
increase in serum glutamic pyruvate transaminase were also observed .

Key Words: dilated cardiomyopathy, poultry, guinea fowl, 
furazolidone

388P   Transcriptional analysis of differentially expressed 
genes in two Fayoumi chicken lines afflicted with necrotic 
enteritis by RNA sequencing. Yeojin Hong*1, Anh Duc Truong1, 
Yeong Ho Hong1, Jangguen Lee1, Kyungbaek Lee1, Hyun Lillehoj2, 
and Susan Lamont3, 1Chung-Ang University, Anseong, Gyeonggi-
do, Korea, 2United States Department of Agriculture, Beltsville, 
MD, 3Iowa State University, Ames, IA.
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In this study, we investigated the differentially expressed genes (DEG) 
in the intestinal mucosa of 2 Fayoumi chicken lines, M5 .1 and M15 .2 
afflicted with necrotic enteritis (NE), which share the same genetic 
background but have different major histocompatibility complexes using 
RNA-Sequencing (RNA-Seq) . The alignment of these sequences with 
the Gallus gallus genome database revealed the expression of more than 
14,500 genes in 2 lines, among which 581, 1270, and 1140 DEGs were 
detected when lines M15 .2 and M5 .1 were compared with the control 
and compared with each other, respectively . Gene ontology analysis of 
all DEGs revealed annotations for 111 biological processes, 32 cellular 
components, and 17 molecular functions . KEEG pathway mapping 
indicated that the DEGs clustered significantly in many immune-related 
pathways such as MAPK, JAK-STAT, TLR, and TGF-β signaling 
pathways . In addition, we also analyzed 183 innate immunes, 46 CD 
molecular, 89 immune-related, and 13 β-defensin genes with 3 lineage-
specific duplications that were differentially expressed in NE-induced 
chicken lines. Taken together, the transcriptional profiles showed that 
line M5 .1 was more resistant to NE than line M15 .2 and that DEGs 
patterns were associated with host genetic differences in resistance to 
NE . Moreover, in qRT-PCR and RNA-Seq analyses showed that all the 
genes examined had similar responses to NE (correlation coefficient R 
= 0 .84 to 0 .88, P < 0.01) in both lines. This is the first study describing 
NE-induced DEGs using RNA-seq in 2 lines showing different levels 
of NE susceptibility . These results will lead to increased insights on NE 
disease resistance mechanisms and the role of host genes in the control 
of the host immune response .

Key Words: DEGs, Fayoumi chicken, necrotic enteritis, RNA-seq

389P   Variation in Blackhead infection rates in different strains 
of turkeys. Christina Sigmon* and Robert Beckstead, North Carolina 
State University, Raleigh, NC.

Blackhead is caused by a protozoan parasite, Histomonas meleagridis, 
but no effective treatments are currently approved that prevent the spread 
of the disease . Since the ban of nitroimidazole and nitarsone, Blackhead 
has risen in prevalence . Turkeys are more susceptible than chickens to 
a Blackhead outbreak with mortality reaching 100% . This difference 
in mortality is thought to be the result of the turkey’s failure to mount 
an effective immune response . However, some outbreaks in turkeys 
result in low level of mortality, suggesting that the field isolate of H. 
meleagridis may be less virulent or the strain of turkeys may be able to 
mount an immune response . We hypothesize there is variation between 
strains of turkeys in their ability to respond against H. meleagridis . 
Ten toms and 11 hens that survived a Blackhead outbreak resulting in 
70% mortality were obtained . Plasma samples were taken from birds 
on d 1 after placement . The birds were infected on d 2 and d 15 with a 
pathogenic strain of H. meleagridis that typically causes mortality 14 
d post infection . Serum samples were taken from surviving turkeys on 
d 13, 20, and 27 . The trial was terminated on d 27 and liver and ceca 
were scored on 0–4 scale . The turkey was considered infected if either 
the liver or ceca had a score of 1 . 90% of the toms and 63% of the hens 
became infected with Blackhead . Indirect ELISA will be run on the 

plasma to determine if infected turkeys not displaying Blackhead symp-
toms mounted an immune response . To test whether different strains 
of turkeys have a varied immune response to H. meleagridis, 2 strains 
of male poults were tested for susceptibility to Blackhead . On d 12, 16 
poults from Strain 1 and 17 poults from Strain 2 were infected with H. 
meleagridis . On d 21, the poults were euthanized and infection rates 
were determined . Strain 1 had a 25% infection rate, while Strain 2 had a 
70% infection rate . Based on these studies, not all birds infected with a 
pathogenic strain of H. meleagridis contracted Blackhead . Furthermore, 
hens and Strain 1 poults had lower infection rates than toms and Strain 
2 poults . These results suggest that some turkeys may have the genetic 
background allowing them to resist Blackhead . Future trials of Strain 1 
and 2 poults will provide more information on the infection rate and the 
potential of using an indirect ELISA to detect whether uninfected birds 
have mounted an effective immune response against H. meleagridis .

Key Words: Blackhead, Histomonas meleagridis, turkey

390P   Prediction of high epitopic regions of Clostridium perfrin-
gens alpha toxin as an immunizing agent. Ahmadreza Valipouri1, 
Shaban Rahimi*1, Ali Asghar Karkhane2, and Mohammad Amir 
Karimi1, 1Tarbiat Modares University, Tehran, Iran, 2National Insti-
tute of Genetic Engineering and Biotechnology, Tehran, Iran.

Clostridium perfringens causes necrotic enteritis in several animal 
and bird species, which costs billions of dollars annually worldwide 
in the poultry industry . An intensive poultry industry is only possible 
because the disease is controlled by vaccination and medications such 
as antibiotics and/or coccidiostats . Antimicrobial growth promoters/
ionophores and whole cell/toxoid vaccines are available, but they have 
drawbacks such as antibiotic resistance and incomplete inactivation of 
vaccines and some possible side effects . Now a day, use of recombinant 
vaccines, faced by the scientists, because of its safety, purity, slight side 
effects, slight inflammatory reactions and specific immune response. 
In the first step of our study, protein sequence of avian isolated Clos-
tridium perfringens α-toxin (CPA) named 1KHO, by 370 amino acids, 
was retrieved from the PDB database . Given that the entire sequence 
of a protein is not necessary for the reaction, but certain sequences are 
sufficient to create special buildings for the response, therefore, high 
antigenic regions, including both linear and discontinuous epitopes of 
α-toxin sequence were predicted by Ellipro software for 2 branches 
(A&B) of CPA With regard to important parameters such as molecular 
weight, theoretical pI, amino acid composition and hydropathicity . 
Finally, a protein sequence contains 230 amino acid selected for clon-
ing as described above, to use as an immunogen in chickens challenged 
with Clostridium perfringens . ElliPro software output showed that linear 
and discontinuous epitopes were almost a large overlap, that is as a 
strong point in the selection of this protein sequence . Hope that virtual 
determination of antigenic regions of sequences, could be an effective 
approach for vaccine development .

Key Words: Clostridium perfringens, epitopic regions, alpha toxin, 
necrotic enteritis, broiler chickens
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391P   Importance of the South region of Brazil in the export of 
chicken meat from 2007 to 2016. Carolina Franceschi*, Morgana 
Zortea, and Andrea Pinto, Federal University of Rio Grande do Sul, 
Porto Alegre, Rio Grande do Sul, Brazil.

The production and export of chicken meat in Brazil is one of more 
expressive in the world, and it is the mainly exporter of the product and 
the second largest producer . In 2015 produced about 13 .14 million tons 
and exported 4 .3 million tons . The production is concentrate mainly 
in south region of Brazil (Parana, Santa Catarina and Rio Grande do 
Sul) . The aim of this present study was to evaluate the importance of 
the south region in Brazilian chicken meat export . It was evaluate the 
correspondent period of the last 10 years, from 2007 to 2016 . Infor-
mation about production and export are available in many databases, 
being used the Brazilian Association of Animal Protein (BAAP) report 
and data of the unions of industries of poultry products . It was possible 
to observe that, in the years studied, the export of chicken meat had a 
drastic increase of 37 .9%, and the growth was 3 .18 million tons in 2007 
to 4 .39 million tons in 2016 . During these 10 years, the total exported 
remained constant with small variations, showing stability in the poultry 
export section . The south region of the country participated with 75 .1% 
of total export during the years assessed . The total economic return of 
Brazilian chicken meat export was US$69.44 billion, and the south of 
Brazil was responsible for 75% of this value . The expressivity of the 
south region in the production of chickens should be historically by the 
culture and tradition of European immigrants and, also, because it’s a 
creation that requires small areas for implementation . Through these 
results, the Brazilian poultry sector had shown dependence on the south, 
by its expressivity in production and export .

Key Words: production, economy, growth, broiler, trades

392P   Assessment of in ovo injection of Bifidobacterium bifidum 
and Bifidobacterium longum on performance, hematological, 
and biochemical profile of broiler chicks. Abd El-Moneim Abd 
El-Moneim*, Magda Wakwak, and Adel Abu-Taleb, Egyptian Atomic 
Energy Authority, Zagazig, Egypt.

Bifidobacterium is one of the most promising probiotics which recently 
used as an alternative growth promoter to the chemotherapeutic agents 
to avoid its deleterious effects on poultry health and meat . The present 
study evaluated the potential beneficial impact of Bifidobacterium bifi-
dum ATTC 29521 and Bifidobacterium longum ATTC 15707 inoculation 
in the yolk sac of developing broiler embryos at 17 d of incubation on 
productive performance, hematological, biochemical profile and carcass 
traits . Three hundred broiler breeder eggs (Cobb-500) were candled and 
weighed individually at d 17 of incubation before injection and eggs 
that had live embryos were randomly divided into 6 equal treatment 
groups . A novel manual method of in-yolk injection was used . The 
treatment groups were assigned as follows: the first and second groups 
(G1 and G2) were of control and vehicle (sterile distilled water) control 
groups, respectively . Groups G3 and G4 were injected with B. bifidum 
at 5 × 109 cfu and 1 × 107 cfu, respectively . Groups G5 and G6 were 
injected with B. longum at 2 × 109 cfu and 7 × 107 cfu, respectively . 
Collected data were subjected to the one-way ANOVA using General 
Linear Models procedure . Results revealed that hatchability was sig-
nificantly (P < 0.001) affected by in-ovo inoculation of bifidobacteria 
strains . Live body weight (LBW), body weight gain and feed conversion 
ratio (FCR) were improved significantly (P = 0 .008, 0 .014 and 0 .019, 

respectively) in all treatment groups during certain experimental periods 
and the overall period of the study . The highest values of overall LBW 
were recorded in G3 (1875g) and G6 (1847g) compared with that of 
the control group (1726g). Feed consumption was not affected signifi-
cantly among experimental groups . Carcass traits, leucocytes count, Hb, 
MCH, MCHC, MCV, protein fractions, AST and ALT values and renal 
function were also not significantly affected by bifidobacteria strains 
injection, however, numerical decreases in urea values were observed 
in G5 and G6 groups. Nevertheless, a significant (P = 0 .002) decrease 
in ALP values in G4 (1140 .7U/L), G5 (1080U/L) and G6 (807U/L) 
were observed compared with the control one (1492U/L), meanwhile, 
erythrocytes count and PCV% were increased in G3 group significantly. 
It is concluded that in-ovo inoculation of bifidobacteria strains improved 
broiler productive performance without any observed negative effect on 
blood indices, liver and renal function of injected birds .

Key Words: bifidobacteria, in ovo injection, productive performance, 
blood indices, broiler

393P   Effects of fumonisin B1 and mycotoxin binder on relative 
organ weights, meat quality and serum characteristics in broiler 
chickens housed at different stocking density. Sang Lee*, Kyung-
Woo Lee, Byoung-Ki An, Da-Hye Kim, and Moung-Cheul Keum, 
Konkuk University, Seoul, Korea.

The present study was carried out to determine whether stocking density, 
dietary fumonisin B1 (FB1), or mycotoxin binder (TB) would affect 
relative organ weights, meat quality and serum characteristics in broiler 
chickens . A total of 1,440 day-old Ross 308 male broiler chicks were 
randomly allocated to each of 72 pens (2 m2) and fed a diet containing 
either 0 or 10 ppm of purified FB1, or 0 or 0.2% TB for 34 d. They 
were housed at stocking densities of 12 .5 birds/m2 (HSD), 10 birds/m2 
(MSD) or 7 .5 birds/m2 (LSD), thereby constituting a 3 × 2 × 2 factorial 
experiment . A corn and soybean meal base diet was used as a control 
diet and the basal diet was mixed with FB1 or TB to formulate the 
experimental diets . Each pen was considered an experimental unit . All 
data were analyzed by 3-way ANOVA for the main effect of stocking 
density level, FB1, TB and their interaction, using GLM of SAS . On d 
34, breast meat lightness was decreased (P < 0 .01) in FB1-fed chickens 
compared with the control diet-fed counterparts . However, malondial-
dehyde content of breast meat was not (P > 0 .05) altered by any of the 
treatments . Birds that consumed FB1-contaminated diet vs . FB1-free 
diet exhibited (P < 0 .05) an increase in serum nitric oxide levels, but a 
decrease in total cholesterol, total protein, albumin and calcium levels 
in serum samples . An interaction between FB1 and TB was noted (P < 
0 .05) on serum nitric oxide . Stocking density affected (P < 0 .05) relative 
bursa weight, being higher in HSD and lower in LSD . In general, the 
present study failed to see clear interaction between FB1 and stocking 
density on most parameters measured . In addition, dietary TB did not 
(P > 0 .05) affect FB1-induced alterations in breast meat lightness and 
serum characteristics .

Key Words: stocking density, fumonisin B1, mycotoxin binder, meat 
quality, serum characteristics

394P   Effect of color of lighting, breeder hen age and methio-
nine restriction on performance and viscera weights of broilers. 
Diego Martinez*1, Cristian Uculmana1, and Carlos Vilchez2, 1LIAN 
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Development & Service, Lima, Peru, 2La Molina National Agrarian 
University, Lima, Peru.

The objective of this experiment was to determine the main effects of 
the color of lighting (LIG), baby chick weight (BAB) and methionine 
restriction (RES) and their interactions on performance and viscera 
weight . 240 male Cobb 500 broiler chicks were placed from 1 to 28 d 
in 40 cages and assigned to a Completely Randomized Design under a 
2 × 2 × 2 factorial arrangement of 8 treatments and 5 replications each . 
Factors were: 2 LIG, GL (green light) and YL (yellow light), 2 breeder 
hen ages to achieve different BAB, YH (young hen, 41 .6 g per chick) and 
OH (old hen, 50 .4 g per chick), and 2 methionine contents in diet, SM 
(standard methionine content, as recommended by genetic line) and LM 
(low methionine, 40% lower digestible methionine content achieved by 
replacing DL-methionine by an inert carrier) . Diets were offered pelleted 
to all treatments . Body weight (BW), body weight gain (BWG), feed 
intake (FI), feed conversion ratio (FCR) and European efficiency index 
(EEI) were evaluated weekly . At the end of the study, 2 birds per cage 
were sampled and carcass (CY), breast (BY) and breast fillet (FY) yields 
were measured . In addition, intestine (IRW), pancreas (PRW), bursa 
(BRW), spleen (SRW) and abdominal fat pad (FRW) relative weights 
were also determined . GLM procedure of SAS was used to analyze vari-
ances . Throughout the raising period, LM produced lower BW, EEI, BY, 
FY (P < 0 .01), FI and CY (P < 0 .05), and higher FCR, FRW (P < 0 .01) 
and PRW (P < 0 .05), but no effect on IRW, BRW or SRW (P > 0 .10) 
were found . Higher chick weight, from OH, produced higher FRW (P 
< 0 .05), BW, BWG, FI (P < 0 .05) throughout the experiment, but better 
EEI (P < 0 .01) only until 14 d with no difference thereafter (P > 0 .10) . 
No effect on FCR, CY, BY, FY, IRW, PRW, BRW, SRW (P > 0 .10) was 
found due to chick weight . GL produced higher IRW and lower BRW (P 
< 0 .07) . No interactions were found between LIG and RES nor LIG and 
BAB (P > 0.10). Significant interactions were found between the LIG 
and RES on IRW (P < 0 .05) and SRW (P < 0 .03) . GL produced higher 
IRW only in SM diet, and higher SRW only in LM diet . No interaction 
effect was found among the 3 factors (LIG, BAB, RES) (P > 0 .08) . In 
conclusion, LIG produced no effect on performance but on the organs 
responsible for nutrient absorption and immune functions . The effect of 
LIG was different in the standard diet than in the methionine-restricted 
one, suggesting differences on immunocompetence .

Key Words: color of lighting, chick weight, nutrient restriction, 
immunocompetence, intestinal weight

395P   Comparison of two commercially available LED lights 
on broiler egg hatchability and chick quality. Leesa Bushart* and 
Gregory Archer, Texas A&M University, College Station, TX.

Recently research has shown that adding light during incubation can 
increase hatchability of broiler chickens and improve chick quality; 
however, the best light spectra have not been established . As more 
commercially available lighting fixtures become available investigating 
which may be useful during incubation is important as they produce 
differing spectra of light . The objective of this study was to evaluate 
the effect of 2 different spectra of white light on hatchability and chick 
quality of broiler chickens . A total of 8424 Ross 708 broiler eggs were 
divided over 3 light exposure treatments during 3 trial of incubation: No 
light (DARK), a LED light with high levels of blue light (BLUE), or a 
LED light with high levels of red light (RED) . Average light intensity 
at the egg level was 250 lx . An ANOVA was used for analysis . No dif-
ferences were observed between treatments in percent of mid or late 
dead embryos, pips, dead chicks, chicks with leg issues, dirty chicks, 
cull chicks, or chicks with other abnormalities or in chick weight at 
hatch (P > 0 .05) . DARK had a higher percentage of early dead embryos 

(10 .9 ± 0 .8%) and overall embryo mortality (24 .0 ± 2 .1%) than both the 
BLUE (8 .4 ± 0 .6%, P = 0 .03 and 19 .1 ± 1 .0%, P = 0 .04) and RED (7 .8 
± 0 .8%, P = 0 .01 and 17 .1 ± 1 .4%, P = 0 .004) treatments . Dark had a 
higher percentage of chicks with unhealed navels (21 .1 ± 1 .3%) and 
fewer overall chicks with no defects (77 .0 ± 1 .2%) compared with both 
the BLUE (9 .9 ± 0 .9%, P < 0 .001 and 88 .4 ± 1 .1%, P < 0 .001) and RED 
treatments (7 .7 ± 0 .8%, P < 0 .001 and 90 .2 ± 1 .0%, P < 0 .001) . Both the 
BLUE (80 .9 ± 1 .0%, P = 0 .04) and RED treatments (82 .9 ± 1 .4%, P = 
0 .004) had higher hatchability of fertile eggs than the DARK treatment 
(76 .0 ± 2 .2%) . No differences were observed between BLUE and RED 
treatments in any measure (P > 0 .05) . These results indicate that either 
of these fixtures could be used to improve hatchability and chick quality 
in broiler chickens. Utilizing these fixtures in commercial hatchers will 
improve the efficiency and quality of hatching broiler chicks.

Key Words: light, incubation, hatchability

396P   Effect of initial chick weight on egg characteristics of 
commercial layer. Shamoil Tariq*, Jibran Hussain, Muhammad 
Usman, Athar Mahmud, Shahid Mehmood, Muhammad Waqas, and 
Sohail Ahmad, University of Veterinary and Animal Sciences, Lahore, 
Punjab, Pakistan.

The aim of this study was to evaluate the effect of initial chick weight 
on egg characteristics of commercial layer . A total of 160 one-week-
old, commercial chicks (LSL lite) were equally divided into 4 treatment 
groups, comprising 4 replicates of 10 birds each according to random-
ized complete block design . Experimental treatments were consist of 
4 body weight categories i .e ., Jumbo (>75g), heavy (70–74g), medium 
(65–69g), low (<60g) at the age of one week . These initial chick weight 
birds were reared for 30 weeks and their egg quality and geometry 
parameters were recorded . Maximum shell thickness was found in 
medium chick weight birds, yolk index was better in Jumbo chick 
weight birds . Regarding yolk color and Haugh unit, maximum score was 
reported in heavy chick birds . However, egg weight, shape index, surface 
area and egg volume did not show any effect of initial chick weight . 
In conclusion, initial chick weight had great influence on egg quality 
traits in commercial layer . One-week-old layer pullet having 70–74 g 
body weight is ideal for future egg production and better egg quality .

Key Words: commercial layer, initial chick weight, egg quality, egg 
geometry

397P   Impact of increased activity during rearing on incidence 
of woody breast in male broilers. Barbara de Almeida Mallmann*, 
Karen Christensen, Dawn Koltes, Shawna Weimer, Juan Caldas-
Cueva, Craig Coon, and Casey Owens, University of Arkansas, 
Fayetteville, AR.

Woody breast is a major myopathy in broiler chickens that results in 
decreased meat quality with fillets requiring additional processing. It is 
hypothesized that ischemia is a contributing factor to the woody breast 
myopathy . Increasing activity may be a way to reduce ischemia by 
increasing blood flow and/or relieving pressure from the breast of the 
bird throughout the day . The objective of this study was to determine if 
increasing movement of broilers would reduce woody breast incidence 
without altering performance traits . Birds were housed in 6 environ-
mental chambers, 3 replications of each of 2 treatmentstreatments with 
80 male broilers in each . Birds in the active group were encouraged 
to walk or stand for 2 min 3 times a day for 3 wks and then 6 times 
a day through 8 wks . Caretakers entered the activity group chamber 
and walked around the pen to encourage bird movement . Additionally, 
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the active group had higher lighting intensity (2 .41fc) compared with 
control birds (0 .61fc), also to encourage increased activity when not 
being stimulated through human interaction . Access by caretakers into 
the environmental chambers containing the control groups were limited 
to prevent disruption of normal activity . Feed weights were recorded at 
diet switches and when additional feed was added . Body weights were 
measured at 0, 14, 35 and 56 d . At 57 d, all birds were processed and 
parts yields were determined. Additionally, breast fillets were scored 
for white striping (0–3 scale), woody breast (0–3 scale), and compres-
sion force (N). Data were analyzed using SAS with activity level fit 
as a fixed effect and pen fit as a random effect. For performance traits, 
activity level, age and the interaction of activity level and age were 
fit as fixed effects with pen fit as a random effect for individual body 
weight only . Feed conversion and body weight were similar (P > 0 .05) 
between treatments over time, following the normal growth of birds . 
There were no differences (P > 0 .05) in live weight at processing, carcass 
weight, breast fillet yield, tender yield, wing yield, and leg quarter yield 
between activity level treatments . Furthermore, white striping score, 
woody breast score, and compression force of raw fillets were similar 
between treatments (P > 0 .05) . These results suggest that increasing 
activity of birds through lighting and human interaction does not affect 
the development of white striping or woody breast in broilers .

Key Words: woody breast, activity, light intensity, meat quality, 
exercise

398P   Effect of ad libitum, split, and restricted feeding on per-
formance, digestibility and welfare of broiler chickens. Gbemiga 
Adeyemo*, University of Ibadan, Ibadan, Oyo, Nigeria.

An experiment was conducted to assess the performance, welfare and 
digestibility of broilers fed varying forms of feeding regimens . For-
mulated diet was given in 4 different forms: ad libitum (Treatment 1); 
twice a day meal/split feeding (treatment 2); thrice a day feeding (treat-
ment 3); and 3 h restriction feeding (treatment 4) . Experimental design 
was completely randomized design, and 240 broilers were randomly 
allotted to 4 treatments with 6 replicates and 10 birds per replicate . 
Birds were weighed weekly to evaluate their performances, feces was 
collected on d 42, to determine digestibility and rectal temperature was 
taken as a measure of bird’s wellbeing . Results showed that there were 
no significant differences (P ≤ 0.05) in performance of birds across 
treatments but values from birds fed ad libitum were higher . Rectal 
temperature (RT) differ at wk 4, birds fed 3 h restricted feeding had the 
highest RT (41 .62°C) while the least RT were from birds fed ad libitum 
(41.20°C). Significant differences were obtained in digestibility and 
nutrient utilization of broilers with respect to feeding regimens . Crude 
protein (CP) digestibility was significantly higher in birds fed 3 h restric-
tion (81 .91%) while birds fed ad libitum had the least (46 .76%) . The 
digestibility of crude fiber was higher in birds fed 3 h restricted feeding 

regimen (86 .77%) the least was from birds fed thrice a day feeding regi-
men (62 .66%) . A similar trend was obtained for digestibility of gross 
energy. Ad libitum feeding had the highest non-significant performance 
values but split feeding optimized feed and nutrient utilization thereby 
enhancing performance and minimizing nutrient waste at the same time .

Key Words: ad libitum, broiler, digestibility, restricted feeding, rectal 
temperature

399P   Effect of feed withdrawal at daytime or nighttime on 
performance of chickens rearing in the Brazilian conventional 
versus dark house production systems. Thiago Melo2, Silvana 
Santos*1, Aliton Silva2, João Pedro Silva2, José Filho2, and José Vilar 
Da Silva2, 1Federal University of Paraiba, Bananeiras, Brazil, 2Uni-
versidade Federal da Paraíba, Solânea, Brazil.

This work was performed to study the effects of feed withdrawal at 
daytime or nighttime on performance of chickens housed in 2 produc-
tion systems . A total of 1,244 male chicks Cobb-500 slow feather strain 
were weighed at 8 d and distributed in completely randomized design 
in factorial scheme 3 × 2 (3 feed withdrawal × 2 productions systems), 
resulting in 6 treatments with 6 replications of 35 birds . The datas 
were analyzed by Tukey’s test (P ≤ 0.05). The experimental treatments 
were (1) feeding ad libitum (AL); (2) feed withdrawal twice time at 
daytime (FWD, every day from 06h to 08h, and from 13h to 17h), and 
(3) feed withdrawal at nighttime (FWN, every night from 00h to 06h) . 
The conventional system of production was characterized by an open-
sided house, with positive pressure, nebulizing system, with 24 h of 
light (natural light at daytime plus artificial light of 20 lx at nighttime), 
however, the dark house system was characterized by a closed sided 
house, negative pressure ventilation, nebulizing system, with 24 h of 
LED light of 12 lx . The chickens were fed with commercials diets from 
8 to 42 d of age . Chickens fed with FWD presented feed consumption 
(FC) and weight gain (WG) similar to chickens fed with AL (P > 0 .05) . 
Chickens housed in dark house production system presented live weight 
(3 .204,62 ± 120 .88 vs . 3 .094,37 ± 46 .37 kg), FC (4 .481,48 ± 85 .65 vs . 
4 .339,31 ± 89 .36 kg), and WG (2 .958,53 ± 66 .71 vs . 2 .816,67 ± 59 .01 
kg) above of the chickens housed in the conventional production system 
(P ≤ 0.05). Also, chickens mantained in dark house system presented 
better feed conversion ratio (FCR) (1 .515 ± 0 .03 vs . 1 .541 ± 0 .03 kg/
kg) and productive efficiency index (484.46+14.03 vs. 461.71+17.52) 
but highest abdominal fat pad (1 .64+0 .3 vs . 1 .42+0 .2%) compared with 
chickens housed in conventional production system (P ≤ 0.05). Chick-
ens fed with feed withdrawal at daytime and mantained in dark house 
production system are more efficient than chickens fed with ad libitum 
or fed with feed withdrawal at nighttime or mantained in conventional 
production system .

Key Words: chicken environment, conventional house, dark house, 
performance
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Metabolism and Nutrition: Amino Acids

400P   Standard body weight and serum estradiol and proges-
terone concentrations in response to total lysine content in female 
broiler breeders from 14 to 42 days after hatch. Eunjoo Kim*, 
Taeg Kyun Shin, Hyun Min Cho, Samiru Wickramasuriya, Beomgyu 
Kim, and Jung Min Heo, Chungnam National University, Deajeon, 
Chung-chung-nam-do, Korea.

A dose-response study was conducted to determine the total lysine 
requirement for female broiler breeders from days 14 to 42 . Two hun-
dred and ten Ross 308 female broiler breeder were used in a completely 
randomized design with 6 replicates per treatment and 5 chicks per pen . 
The contents of total lysine used in this experiment were to be 0 .68, 0 .72, 
0 .76, 0 .80, 0 .84, 0 .88 and 0 .92% in the diet . A corn, wheat and soybean 
meal based basal diet was formulated to meet or to excess the Ross 308 
female broiler breeder nutrient specifications, and to achieve ideal amino 
acid pattern except lysine . The diets were isocaloric and isonitrogenous . 
Restricted feeding was followed manually according to the management 
guide of the Ross 308 Parent Stock, and fresh water was available at 
all times . Body weight and feed intake were measured to calculate feed 
conversion ratio, and also body weight uniformity was defined weekly 
basis . One chicks per pen were randomly selected and euthanized via 
cervical dislocation to collect blood samples and to harvest visceral 
organ at the conclusion of experiment . Increasing total lysine contents 
in diet (i .e ., up to 0 .92%) improved (P < 0 .05) body weight gain and 
feed conversion ratio from days on 14 to 42 . Using the linear-plateau 
(LP) model, the estimated total lysine requirement from 14 to 42 d of 
age was to be 0 .94, 0 .89 and 0 .94% for higher body weight and daily 
gain, and for feed efficiency, respectively. Fitting the quadratic-plateau 
(QP) model, the estimated lysine requirement from 14 to 42 d of age was 
to be 1 .13, 1 .27 and 1 .48% for higher body weight and average daily 
gain, and for feed efficiency. The corresponding values from combined 
models for body weight, average daily gain and feed conversion ratio 
were estimated at 1 .04, 1 .00 and 1 .21% total lysine, respectively . The 
variability at d 42 body weight of female broiler breeders fed 0 .92% 
lysine in the diet (CV = 2 .64%) was higher (P < 0 .05) than those fed 
0 .68% total lysine (CV = 1 .53%) . Total lysine contents did not affect 
(P < 0.05) ovary weight, serum estradiol-17β, serum progesterone and 
plasma urea nitrogen on d 42 . In the current study, therefore, our results 
indicated that female broiler breeders fed 0 .68% total lysine could be 
achieving with recommended body weight suggested field practice (i.e., 
660g) when data were fitted into the overlapped point of linear-, and 
quadratic-plateau models .

Key Words: broiler breeder, linear-plateau model, lysine, nutritional 
response model, quadratic-plateau model

401P   Exigency of digestible methionine+cystine for broilers 
in early stage. Silvana Santos*1, José Vilar Da Silva2, Aliton Silva1, 
João Pedro Silva1, Mauro Saraiva1, and Natalí da Cruz2, 1Federal 
University of Paraiba, Areia, Brazil, 2Federal University of Paraiba, 
Bananeiras, Brazi.

This study aimed to estimate the digestible methionine+cystine require-
ment (Met+Cys) for broilers between 8 and 21 d of age . A total of 
450 chicks (Cobb 500 Slow Feathing) were distributed in completely 
randomized design, being 5 treatments with 6 repetitions . All diets 
were composed mainly of corn and soybean meal, being isonitrogenic 
(21 .20% CP) and isoenergetic (3,050 kcal/kg AMEn) . The Met+Cys 
levels were 0.63% to deficient reference diet; 0.76; 0.88; 1.00 e 1.13%. 

The requirements were estimated through polynomial regression model 
according to the Met+Cys level on the feed . Quadratic effects were 
observed for feed conversion (P ≤ 0.01) and weight gain (P ≤ 0.05), 
with digestible Met+Cys requirements estimated at 0 .928 and 1 .013%, 
respectively . There was any effect of digestible Met+Cys levels on feed 
intake (P > 0 .05) . When evaluating the parameters of absolute weights, 
it was found a significant quadratic effect on the weight of the carcass 
(P ≤ 0.01) and wing weight (P ≤ 0.01), with an estimated requirement 
of 0 .936 and 0 .953%, respectively . The requirement of estimated 
digestible Met+Cys by boneless breast yield (P < 0 .01) was 0 .970% . 
However, when assessing back yield the estimated digestible Met+Cys 
requirement value was 0 .919% that coincides with the expectation of the 
internal and external consumer market in the find higher yields of fine 
cuts, mainly, breast yield . Therefore, requirements of 0 .928% digestible 
Met+Cys is above the recommendation suggested in the literature for 
broiler chickens in the 8–21 d of age .

Key Words: carcass yield, level, performance, sulfur amino acids

402P   Influence of dietary amino acid contents on appar-
ent and standardized ileal digestibility of amino acid in corn-
soybean meal-based diets fed to broiler chickens. Su Hyun An*1, 
Beob Gyun Kim1, and Changsu Kong2, 1Konkuk University, Seoul, 
Korea, 2Kyungpook National University, Sangju, Korea.

The objective of the present study was to investigate the influence of 
dietary amino acid (AA) concentrations on apparent (AID) and standard-
ized ileal digestibility (SID) of AA in corn-soybean meal-based diets fed 
to broiler chickens . Six experimental diets consisted of a nitrogen-free 
diet and 5 corn-soybean meal-based diets containing 6 .0, 9 .5, 13 .0, 
16 .5, and 20 .0% crude protein (CP) . The CP and AA concentration 
increment was achieved by increasing the inclusion rate of soybean 
meal at the expense of corn . All diets contained 0 .5% chromic oxide 
as an indigestible index . After a 19-d acclimation period, a total of 960 
19-d-old male broilers (Ross 308) with a mean body weight of 628 g 
(SD = 58 .0) were allocated to the 6 dietary treatments in a randomized 
complete block design and were fed the experimental diets for 4-d . On 
d 23, ileal digesta were collected from the distal ileum . As the dietary 
AA concentration increased from 6 .0 to 20 .0%, the AID of all AA except 
Arg, His, Ala, and Glu linearly increased (P < 0 .05) . However, the SID 
of all AA except Arg, Cys, Glu, and Pro did not show linear responses to 
increasing dietary AA contents . In conclusion, SID values of most AA, 
but not AID values, are independent of dietary AA contents .

Key Words: amino acid, crude protein, ileal digestibility, broiler

403P   Phenylalanine + tyrosine requirement in a low CP diet 
for 10- to 21-day-old female turkeys. Joao Ferreira* and Jeffrey 
Firman, University of Missouri, Columbia, MO.

An experiment was conducted to determine the digestible requirement 
of phenylalanine + tyrosine (Phe+Tyr) for 10 to 21d female turkeys in 
a low CP diet . A total of 385 birds were weighed and randomly placed 
to one of 11 treatments, each treatment had 7 replicates with 5 birds . 
The treatments ranged from 0 .84 to 2 .28% with 0 .16% increments of 
Phe+Tyr and a positive control that was based on NRC (1994) suggested 
levels, the level of Phe+Tyr was 1 .869% in a total of 26 .02% of CP . The 
NLIN procedure of SAS was utilized to analyze 2 slope broken line of 
the feed conversion ratio (FCR) and average gain (AvGn) . There was 
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a significant effect for FCR and AvGn (P < 0 .05) with recommenda-
tions of 1 .436 and 1 .717%, respectively . Moreover, with high levels of 
supplementation of Phe+Tyr impaired the performance in a diet with 
low CP . These results may suggest further investigation of amino acid 
requirements for turkeys .

Key Words: amino acid, phenylalanine, tyrosine, performance

404P   Digestible total sulfur amino acids requirements of two 
strains of brown laying hens. Moung-Cheul Keum*1, Da-Hye Kim1, 
Sang Lee1, Kyung-Woo Lee1, Kwan-Eung Kim2, Gyo-Moon Choo3, 
and Byoung-Ki An1, 1Konkuk University, Seoul, Korea, 2Nonghyup 
Feed, Seoul, Korea, 3Busan Bio, Nonghyup Feed Inc., Busan, Korea.

The objective of the experiment was to determine digestible total sulfur 
amino acids (dTSAA) requirements for 2 strains of commercial laying 
hens, i .e ., Hy-Line brown and ISA brown hens . Each strain (n = 300 
layers/strain) was randomly assigned to 5 treatments with 10 replicates 
of 6 hens, respectively . Graded levels of synthetic methionine were 
added to the basal ration to give stepwise increase of 0 .10% dTSAA 
from 0 .40% to 0 .80% . The experiment lasted 10 weeks . During over-
all period, there was no significant effect of graded dTSAA on feed 
intake in 2 strains of layers . As dTSAA increased, the egg production 
quadratically (P < 0 .05) increased and the egg weight linearly (P < 
0 .001) increased . Dietary available dTSAA linearly and quadratically 
(P < 0 .05) increased daily egg mass in both strains . Increasing dietary 
dTSAA did not affect egg quality parameters in Hy-Line breed, but 
quadratically (P < 0 .01) increased eggshell thickness in ISA breed . The 
dTSAA requirements were determined by 3 different statistical analyses 
including linear broken-line model, quadratic broken-line model and 
95% of the upper asymptotic value of quadratic model, all of which 
were analyzed by NLIN procedure of SAS . Dietary dTSAA require-
ments for egg production and egg mass were close to be 0 .58% (from 
0 .53% to 0 .63%) and 0 .68% (from 0 .64% to 0 .72%) in Hy-Line brown 
layers . Those requirements for same criteria in ISA brown layers were 
estimated at 0 .59% (from 0 .54% to 0 .62%) and 0 .64% (from 0 .56% to 
0 .69%), respectively .

Key Words: digestible TSAA requirements, broken-line analysis, 
laying performance, laying hen, egg quality

405P   Dietary amino acid responses of male Cobb MV × 700 
broilers from 0 to 46 d post-hatch. Craig Maynard*1, Rocky 
Latham2, Roy Brister2, Casey Owens1, and Samuel Rochell1, 1Uni-
versity of Arkansas, Fayetteville, AR, 2Tyson Foods, INC., Spring-
dale, AR.

An experiment was conducted to evaluate the effects of varying dietary 
amino acid (AA) concentrations on the growth performance, carcass 
characteristics, and incidence of breast muscle myopathies in Cobb MV 
× 700 male broilers . Three dietary treatments included a control diet 
(CAA) formulated to contain AA concentrations reflective of those cur-
rently used in commercial practice and 2 additional diets with decreased 
(LAA) or increased AA (HAA) concentrations relative to the CAA diet . 
Dietary treatments were maintained across a 4-phase feeding program 
that included starter (0–14 d), grower (15–28 d), finisher (29–36 d), and 
withdrawal (37–46 d) feeds . Differences in digestible Lys concentra-
tion within each phase were approximately 7% between the LAA and 
CAA diets and the CAA and HAA diets . Diets within each phase were 
isocaloric and met or exceeded breeder recommendations for all other 
nutrients. Diets were fed to 432 male broilers, with 12 replicate floor 

pens of 12 birds (0 .08 m2 per bird) for each treatment . Body weight 
gain (BWG), feed intake (FI), and feed conversion ratio (FCR) were 
determined for each period . At 47 d, all birds from 8 replicate pens of 
each treatment were processed for evaluation of carcass characteristics 
and incidence of woody breast and white striping . Final body weights 
(46 d) of broilers fed LAA, CAA, and HAA diets were 3 .390, 3 .450, and 
3 .408 kg, respectively, and no dietary effects on BWG (P > 0 .05) were 
observed throughout the trial . No effects (P > 0 .05) of dietary treatment 
on FI or FCR were observed from 0 to 14 d . From 0 to 28 d, birds fed 
the HAA diets had a lower FCR (P < 0 .01) than birds fed the LAA or 
CAA diets . From 0 to 36 d, FCR was highest (P < 0 .01) for birds fed the 
LAA diet, lowest for birds fed the HAA diet, and intermediate for birds 
fed the CAA diet . Differences in FI and FCR diminished (P > 0 .05) by 
46 d . Carcass and breast meat weights and yields of birds within CAA 
and HAA groups were similar (P > 0 .05) and were both higher (P < 
0 .05) than values observed for birds in the LAA group . Fat pad yield 
was highest (P < 0 .01) for birds fed the LAA diet, lowest for birds fed 
the HAA diet, and intermediate for birds fed the CAA diet . Woody breast 
and white striping incidence and severity were not influenced by diet (P 
> 0 .05) . These data provide preliminary evidence on the responsiveness 
of live performance, meat yield, and meat quality of Cobb MV × 700 
broilers to varying dietary AA levels .

Key Words: amino acid, broiler, performance, yield, myopathies

406P   Efficiency of utilization of valine in Japanese quails. 
Karla Meza Martinez*, Nilva Sakomura, Edney da Silva, Rafael 
Massami Suzuki, Matheus Reis, and Nayara Ferreira, Unesp, Jaboti-
cabal, São Paulo, Brazil.

It is possible to analyze the potential of each species by determining the 
body and egg protein depositions, as well as its efficiencies of utilization 
of the amino acids . This knowledge is essential to elaborate models to 
predict optimal amino acid intakes for Japanese quails in the production 
phase . The objective of this research was to provide useful information 
on the response of Japanese quail submitted to different valine levels 
using the dose-response method . Two hundred and 80 Japanese quails 
(28 weeks old) were distributed in a completely randomized design, 
consisting of 7 treatments (1 .96, 3 .53, 5 .09, 6 .66, 7 .84, 8 .62 and 9 .41g/
Kg of valine), 7 replications with 5 quails per replication . The trial 
lasted 7 weeks (3 weeks for adaptation and the last 4 weeks for data 
collection) . The experimental diets were formulated using the dilution 
technique . The variables evaluated were valine intake (iVal), feed intake 
(FI), egg production (EP), egg weight (EW) and valine deposition in 
the egg mass (dVal) . The dVal was determined to be 0 .9% of the egg 
mass. The variables iVal and dVal were fitted to the broken line model 
according to the equation: dVal = dValmax + U × (R - iVal), where: 
dValmax is the maximum dVal, U is the slope of the function and R is 
the iVal for maximum response (dValmax). The efficiency was obtained 
by the relationship between the parameters dValmax and R, as follows: k 
= (dValmax / R) × 100 . Both variables were related to metabolic weight 
(BW0 .67) . The lowest valine level (1 .96 g/kg of diet) provided the higher 
response on EP, followed by (FI) and EW . The performance for EP, FI e 
EW were reduced to 0.02%, 41% e 52%, respectively, confirming that 
valine was the first limiting in the diet. The iVal for dValmax was 451 .1 
± 17 .93 mg/kg BW0 .67, dValmax was 281 .8 ± 4 .49 mg/kg BW0 .67 and 
U was −0.741 ± 0.05. Efficiency of utilization of valine for egg mass 
deposition was 62% . Considering that 1 g of egg mass has 9 mg of Val, 
is necessary an intake of 14 .5 mg of valine for each gram of egg mass .

Key Words: amino acid, dose-response method, efficiency of utiliza-
tion, protein deposition
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407P   Effect of varying dietary lysine concentrations on expres-
sion of genes associated with fat accretion in broiler chickens. 
Boniface Kimathi*, Collins Khwatenge, Thyniece Taylor, and Samuel 
Nahashon, Tennessee State University, Nashville, TN.

The role of dietary lysine on adipose tissue accretion in broiler chickens 
is not well understood . The aim if this study was to evaluate the effect 
of varying dietary concentrations of lysine on expression of genes 
associated with fatness in broiler chickens . Experimental birds were 
fed control diets containing 1 .14% and 1 .0% lysine during starter and 
grower periods, respectively, as recommended for broiler chickens . 
Other diets were fed in which the dietary lysine concentration of the 
starter and grower diets was reduced by 25% to 0 .855% and 0 .75%, 
respectively . In the third treatment the dietary lysine concentration 
during starter and grower periods was increased to 1 .42% and 1 .25%, 
respectively . All diets were isocaloric and isonitrogenous comprising 
3,200 kcal ME/kg diet and 21% CP . After 8 weeks, 4 birds from each 
dietary treatment were sacrificed and their abdominal fat pad was col-
lected and snap frozen in liquid nitrogen and transferred into −80 C for 
storage until use . Total RNA was extracted from the adipose tissue using 
Trizol reagent following the manufacturer’s instructions . The quality 
and concentration of the total RNA was measured using the NanoDrop 
spectrophotometer . Reverse transcription of the RNA to cDNA was 
performed followed by quantitative polymerase chain reaction . Primers 
for perilipin, apolipoprotein A1 and adiponectin were used . There was 
no significant difference in the expression of adiponectin in adipose 
tissue of the treated birds as compared with the control . Expression of 
perilipin was higher (1 .7 fold) in the adipose tissue of birds fed 75% of 
the recommended lysine in their diet . The expression of apolipoprotein 
A1 was significantly higher in birds fed 75% of the recommended lysine 
in the diet compared with those fed the control diet . Therefore, there 
seems to be inverse correlation between dietary lysine concentrations 
and expression of perilipin and apolipoprotein A1 . The upregulation of 
these proteins may be an attempt to overcome marginal lysine levels 
during adipogenesis .

Key Words: broiler chicken, adipose accretion, apolipoprotein A1, 
perilipin, dietary lysine

408P   Effect of dietary glutamine and arginine on woody breast 
muscle myopathy and muscular calcium, potassium, and phos-
phorus in broiler chickens. Courtney Herrin*, Matthew Livingston, 
Ramon Malheiros, and Kimberly Livingston, North Carolina State 
University, Raleigh, NC.

Genetic selection of broiler strains has resulted in significant improve-
ments in growth and performance of meat yield; however, these modern 
fast-growing strains have also presented an increase in conformational 
abnormalities and metabolic disorders, such as muscle myopathies and 
enteric disease . Wooden breast (WB) is a myopic pectoralis major muscle 
condition represented by degenerative necrosis and atrophy of muscle 
fibers, which presents with high levels of connective tissue as well as 
excessive intracellular calcium . The current cause of WB in broilers is 
yet to be elucidated . One theory is high corn prices and the availability of 
distillers dried grains with solubles (DDGS) and other food industry co-
products has led to least-cost feed changes that include less soybean meal 
inclusion and more synthetic amino acids, resulting in marginal dietary 
levels of glutamine (Gln) and conditionally essential amino acids such 
as arginine (Arg) . In this study, we evaluated the effects of supplemental 
Gln (0 and 1%) and Arg) and 0 .25%) on muscle Ca, K, and P in birds 
that presented with both high (WB score 3 or 4) and low (WB score 1 
or 2) . Chicks were allotted to 1 of 4 dietary treatments, control (CON), 

1% Gln (GLN), 0 .25% Arg (ARG), or 1% Gln and 0 .24% Arg (GLN/
ARG) . Gln and Arg were added in place of glycine . At 42 d of age, 2 
birds per pen with BW most similar to the median weight of study were 
selected for harvest . Breast tissue was scored for WB, and muscle and 
tibia were collected for Ca, K, and P analysis . Data were analyzed using 
the general linear model procedures of SAS . The inclusion of dietary 
Gln and Arg did not alter the incidence of WB nor the bone mineral . 
There was a significant interaction with the inclusion of Gln and Arg 
on muscle Ca, K, and P, whereby the inclusion of either Gln or Arg 
alone resulted in increases in muscle Ca, K, and P (P < 0 .05) . However 
when Gln and Arg are supplemented in the diet together muscular Ca, 
K, and P yield values similar to the CON treatment . In conclusion, Gln 
and Arg, when fed separately, results in higher levels of muscular Ca, 
K, and P, which returns to normal when fed together .

Key Words: wooden breast, glutamine, arginine

409P   Effect of dietary digestible lysine-methionine ratio and 
metabolizable energy levels on growth performances and meat 
yields of crossbred-native thai chickens as rearing in tropical 
climates. Keatisak Soisuwan*, Faculty of Agriculture, Rajamagala 
University of Technology Srivijaya, Thungsong, Nakhon Si Thamma-
rat, Thailand.

The effects of dietary digestible lysine-methionine ratio (DLM) and 
metabolizable energy (AME) levels on growth performances and meat 
yield of crossbred-native thai chickens as rearing in tropical climates . 
All chicks were fed through a starter, grower and finisher phase program. 
Growth performances, carcass traits and meat yield were evaluated 
using 2 × 2 factorial arrangements of treatments . Each group includes 
10 replicate pens with 30 chicks per replicate . Treatments were included 
of 2 levels of DLM ratio (1 .18: 0 .92 and 1 .25: 0 .98 ; 1 .07: 0 .86 and 1 .14: 
0 .91 ; 0 .89: 0 .73 and 0 .98: 0 .80%) and 2 levels of AME (2,950: 3,000 ; 
3,050: 3,100 and 3,150: 3,200 kcal/kg feed) from 1 to 28 d, 28 to 56 d 
and 56 to 84 d, respectively . Mortality was not affected by treatments; 
however, as compared between dietary treatments, chickens fed low-
AME and high-DLM ratio diets decreased (P < 0 .05) feed intake and 
body weight and also decreased (P < 0 .05) carcass, breast and thigh 
percentage on d 84 . In conclusion higher levels of AME diet and lower 
DLM ratio improved (P < 0 .05) growth performances in term of feed 
intake, body weight and feed conversion ratio and also increased (P < 
0 .05) meat yield in term of carcass, breast, drumstick and thigh percent-
age of crossbred-native thai chickens as rearing in tropical climates .

Key Words: essential amino acid, metabolizable energy, growth 
performance, meat yield, crossbred-native Thai chickens

410P   Comparison of methionine sources in diets for broil-
ers from 0 to 28 days of age. Felipe Fernandez*2, Lorena Morao2, 
Victor Naranjo1, and Ariane Helmbrecht1, 1Evonik Nutrition & Care 
GmbH, Hanau-Wolfgang, Germany, 2Evonik Argentina SA, Boulogne, 
Argentina.

Major sources of methionine used in balanced commercial broiler diets 
include dl-methionine (DLM, 99% pure) and liquid dl-methionine 
hydroxy analog free-acid (MHA-FA, 88% MHA) . As MHA-FA needs 
to be metabolically converted to methionine, a replacement ratio to 
DLM needs to be considered . The relative bioavailability (RBA) of 
MHA-FA compared with DLM has been extensively investigated in dose 
response trials using simultaneous regression analysis with a common 
starting point and the same asymptote for both products . However, 
discussions on the statistical approach as well as the RBA value are 
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still ongoing . Therefore, a trial was conducted to investigate the RBA 
of MHA-FA compared with DLM and to confirm the suitability of 
the simultaneous dose-response trial for RBA determination with the 
inclusion of diluted DLM to 65% purity (DLM65) in diets for broilers 
from 0 to 28 d of age . A total of 975 d-old Cobb 500 male chicks were 
allocated to 13 treatments with 5 replicates of 15 birds each . A basal 
diet deficient in digestible Met+Cys (following breeder’s guideline) 
without supplemental Met source, and 4 graded levels of either DLM, 
MHA-FA and DLM65 were fed in phases from 0 to 14 d and 15 to 28 d . 
Feed intake (FI), body weight gain (BWG), feed conversion ratio (FCR) 
and body weight/feed conversion ratio (FPG) were calculated for each 
feeding phase and data were subjected to multi-exponential regression 
analysis using the nonlinear-regression analysis (NLIN) procedure of 
SAS. Methionine supplementation, regardless of source, significantly 
improved growth performance compared with birds fed the basal diet, 
demonstrating the Met+Cys deficiency of the basal diet. For the over-
all growth period (0 to 28 d), birds fed DLM had the greatest BWG, 
FI, and FPG and no differences were obtained between DLM65 and 
MHA-FA for the same parameters (P > 0 .05) . The slope-ratio analysis 
revealed that the RBA of MHA-FA compared with DLM was 67, 72 
and 65% for BWG, FCR and FPG respectively . Similarly, the RBA of 
DLM65 compared with DLM was 56, 72 and 59% for BWG, FCR and 
FPG, respectively . In conclusion, considering all parameters evaluated 
in this trial, the average RBA of MHA-FA compared with DLM was 
68% and thus, considerably lower than its active MHA content of 88% . 
The average RBA of DLM65 compared with DLM was 62% and thus, 
similar to its DLM purity of 65% .

Key Words: dl-methionine, dl-MHA, bioavailability, broiler

411P   Responses of Ross 308 broiler chicks to different levels of 
valine amino acids in growing period. Arash Hassanzadeh Seyedi* 
and Hossein Janmohammadi, University of Tabriz, Tabriz, East 
Azarbijan, Iran.

The aim of this experiment was to evaluate the effect of digestible valine 
supplementation in Ross 308 broiler chick diets . To evaluate the effect 
of digestible valine supplementation on broiler chicks based on growth 
performance, a total of 450 male broiler chicks from 8 to 21 days of 
age were assigned to 6 treatments with 5 replicate using a completely 
randomized design . Corn-soybean meal-based diet was formulated 
(19% CP, 3000 kcal of ME/kg) to provide the all nutrient except valine 
base on Brazilian table for poultry and swine (2011) . Dietary valine 
was supplied in 6 levels from 0 .74 to 0 .99% for the experimental period 
with successive additions of 0 .05% of l-valine . In the experimental 
period weight gain, feed intake, feed conversion ratio, feed efficiency 
ratio and valine consumption content were recorded . The result of this 
experiment showed that the all performance parameters were signifi-
cantly affected by the valine supplementation in basal diet (P < 0 .01) . 
The broiler chickens fed with 0 .89% of digestible valine level had the 
highest feed efficiency ratio and the lowest feed conversion ratio (P < 
0 .01) . The results of the current study suggest a level of 0 .94% valine 
for an optimum performance of body weight gain, 0 .89% valine for 
optimum feed conversion ratio in growing broilers from 8 to 21 d of age .

Key Words: broiler, feed intake, feed conversion ratio, valine, weight 
gain

412P   Determination of dietary leucine amino acid requirement 
for Ross 308 male broiler chicks in finisher period. Elnaz Safi-
yary* and Parviz Farhoomand, University of Urmia, Tehran, Tehran, 
Iran.

The aim of this experiment was to determine the total leucine require-
ment of male Ross 308 broiler chicks . To determinate valine requirement 
of male broiler chicks based on growth performance, a total of 625 male 
broiler chicks from 24 to 39 days of age were assigned to 5 treatments 
with 5 replicate using a completely randomized design . Wheat-corn-
soybean meal-based diet was formulated (18 .5% CP, 3150 kcal of ME/
kg) to provide the all nutrient except leucine, based on Ross 308 man-
agement guide . Dietary leucine was supplied in 5 levels from 1 .16 to 
1 .36% for the experimental period with successive additions of 0 .05% 
of l-leucine . As supplementation of l-leucine increased, corresponding 
decreases in l-glutamic acid from the basal level provided isonitrog-
enous feeds . In the experimental period weight gain, feed intake, feed 
conversion ratio and feed efficiency ratio were determined. Result of 
this study showed that the quadratic broken line model were used for 
determine of total leucine requirement for Ross 308 male broiler chicks 
is the well fitted base on weight gain, feed intake and feed conversion 
ratio, and evaluated leucine content for these performance parameters 
were 1 .217, 1 .218 and 1 .213% of diet, respectively . The result of this 
experiment showed that the uric acid of chickens was significantly 
affected by the leucine supplementation in diet (P < 0 .01) . The results 
indicated that leucine requirement for maximum performance of broiler 
chicks were tolerate between 1 .213 to 1 .218%, and the uric acid content 
is lowest in this limit .

Key Words: broiler, broken line model, l-glutamic, l-leucine, weight 
gain

413P   Levels and substitution of dl-methionine by dl-
methionine hydroxy analog in broiler diets of 8-42 days. Silvana 
Santos*2, José Vilar Da Silva1, Aliton Silva2, João Pedro Silva2, 
Janiele da Silva1, and Thiago Melo2, 1Federal University of Paraiba, 
Bananeiras, Brazil, 2Federal University of Paraiba, Areia, Brazil.

A study was conducted to evaluated 3 levels and substitution of dl-
methionine 99% (DL-Met) by dl-methionine hydroxy analog 88% 
(DL-MHA) in broiler chicken diets with 8–42 age days . A total of 900 
chicks (Cobb-500 Slow Feathing), were distributed in a completely ran-
domized design, in a 3 × 3 + 1 factorial arrangement, being 3 digestible 
methionine levels (deficiency, requirement and excess) × 3 replacement 
of DL-Met by DL-MHA (0, 50 and 100%), beyond a positive control 
diet (PC), supplemented with l-methionine, totaling 10 treatments with 
6 repetitions of 15 birds . The diets were composed mainly of corn and 
soybean meal, being isonitrogenic and isoenergetic . The Met+Cys levels 
were: 0 .63, 0 .88 and 1 .13% of 8–21 d; 0 .58, 0 .83 and 1 .08% of 22–33 d; 
and 0 .52, 0 .77 and 1 .02% of 34–42 d . All feeds were supplemented using 
DL-Met and (or) DL-MHA in replacement to the starch . Differences 
between means were analyzed by “SNK” test. There was interaction for 
FC in the 8–21 d phase between levels and sources (P ≤ 0.05), being the 
level of 0 .63% which had the worse FC in all substitutions, and with 
100% DL-MHA the worse FC in this level . Likewise, lower WG (P ≤ 
0 .01) was observed in animals that consumed diets with a level of 0 .63% . 
There was interaction (P ≤ 0.01) for WG in 22–33 d broilers, so that 
for DL-Met, the WG obtained was better at 0 .83 and 1 .08% . However, 
for 50% DL-Met + 50% DL-MHA the best WG was only 0 .83% and in 
100% DL-MHA it was observed the best WG in 1 .08% . Furthermore, 
the 0 .58% level provided worse FC (P ≤ 0.01) for this phase. For the 
34–42 d phase was verified interactions the FI (P ≤ 0.01). At the 1.02% 
level in 100% DL-MHA, there was reduction in the FI, associated with 
na increase in the WG (P ≤ 0.01) and the best FC (P ≤ 0.01). In relation 
to the 0 .52% level with the substitutions was observed improvement 
in the WG in broilers that consumed 50% DL-Met + 50% DL-MHA, 
while for 1 .02% the highest WG was achieved using 100% DL-Met as 



Poult. Sci. 96(E-Suppl. 1)154

was achieved the best FI (P ≤ 0.01). No differences were found PC and 
the other treatments for 8–21 d, however, a better FI was found com-
pared with 0 .58 and 0 .52% levels for 22–33 and 34–42 d, respectively . 
In view of the above, the Met+Cys deficiency causes negative effects 
on the broiler performance in the 8–42 d phase . In addition, the use of 
100% DL-Met or 50% DL-Met + 50% DL-MHA can mitigate the losses .

Key Words: deficiency, performance, requirement, sources, sulfuric 
amino acids

414P   Ideal in-feed amino acid ratio for Hy-line W36 pullets in 
initial phase. Letícia Soares*1, Nilva Sakomura1, Juliano César Dori-
gam2, Mariana do Nascimento1, Raian Acacio1, Vinícius Oliveira1, 
and Thaisa França1, 1Faculdade de Ciências Agrárias e Veterinárias, 
Jaboticabal, São Paulo, Brazil, 2Evonik Nutrition, Hanau-Wolfgang, 
Germany.

Although the ideal protein concept is widespread for growing birds, some 
aspects still need to be improved . Thus, continuous efforts are made by 
research institutions and industry to update the amino acid requirements 
for laying hens and their ideal relation according to the age of the birds 
and performance . The research had the objective of re-evaluate the 
assumptions of ideal ratios (IAAR) between the essential amino acids: 
lysine (Lys), methionine+cysteine (Met+Cys), threonine (Thr), trypto-
phan (Trp), arginine (Arg), glycine+serine (Gly+Ser), valine (Val), iso-
leucine (Ile), leucine (Leu), histidine (His) and phenylalanine+tyrosine 
(Phe+Tyr) for Hy-line W-36 pullets in initial phase, using the amino 
acid dilution and nitrogen balance methods . The nitrogen balance trial 
was performed from 2 to 4 wk, 12 treatments with 8 replicates and 1 
bird per cage was used . A balanced diet (BD) was formulated to strictly 
attended the IAAR and the requirement of other nutrients according to 
Brazilian Tables . The limiting diets were formulated diluting BD with 
corn starch and refilled with synthetic amino acids (AA) and other ingre-
dients, except for the AA under study . The trial lasted 15 d, being the 
first 5 d for adaptation and the other 10 d for total collection of excret. 
Diets and excret were analyzed for nitrogen content and quantified the 
nitrogen intake (NI) and nitrogen excretion (NEX), then it was calculated 
the nitrogen deposited (ND) . In a previous study was determined the 
theoretical maximum N retention (NRmaxT = 1157 mg/PCkg

0 .67 per day) 
and the N maintenance requirement (NMR = 182 mg/BWkg0 .67 per day) . 
This results were used to calculate the nitrogen retained (NR = ND + 
NMR), the efficiency of use of lysine as a reference and efficiency of 
use of observed amino acid (b = [lnNRmaxT – ln (NRmaxT – NR)]/NI) . 
The relation between lysine efficiency (reference) and the efficiency of 
the AA under study provided the optimal ideal amino acid ratio by N 
balance of Lys = 100, Met+Cys = 126, Thr = 75, Trp = 15, Arg = 96, 
Val = 64, Ile = 60, Leu = 96, Phe+Tyr = 98, Gly+Ser = 75 and His = 33 . 
The IAAR was in agreement with the literature recommendation validat-
ing method with the advantages from a rapid and low-cost procedure .

Key Words: nitrogen retention, requirement, amino acid

415P   Effects of folic acid and methionine on performance, egg 
zinc and 5-methyltetrahydrofolate content and serum homocys-
teine in laying hens. Sattar Bagheri* and Hossein Janmohammadi, 
Tabriz University, Tabriz, East Azerbaijan, Iran.

This study was performed to evaluate the effect of folic acid (FA) and 
methionine (Mt) on performance, egg zinc and 5-methyltetrahydrofolate 
(5-MTHF) and serum Homocysteine on Hy-line W36 hens from 20 to 26 
weeks of ages . Experiment was conducted as a 4 × 4 factorial arrange-
ment of treatment in randomized complete design, 4 levels of Mt (0 .25, 
0 .32, 042, 0 .48 mg/kg of diet) and 4 levels of FA (0, 5, 10, 15 mg/kg of 

diet) . Egg production percent and feed conversion ratio was improved 
significantly by main effects of FA and MT levels (P < 0 .05) . Egg weight, 
egg mass, feed consumption was effected significantly by main effects 
of MT levels (P < 0.05). Fortification of laying hens diets with FA 0, 
5, 10 and 15 mg/kg of diet increased 5-MTHF into yolk significantly 
(P < 0.05). 5-MTHF content of egg significantly affected by FA × Mt 
interaction effect too (P < 0.05). FA significantly reduced Zn level of 
egg (P < 0 .05), but Mt did not have any effect on Zn content in egg . 
Levels of serum Homocysteine reduced significantly by fortification of 
diet by FA (P < 0 .05) . At conclusion Supplementation of laying poultry 
diet with FA and Mt could improve the content of yolk 5-MTHF and 
reduce the serum homocysteine .

Key Words: folic acid, methionine, homocysteine, 5-methyltetrahy-
drofolate, zinc

416P   Ideal dietary levels of leucine, valine, and isoleucine in 
low-protein diets for broiler chickens using response surface 
methodology. Iván Camilo Ospina-Rojas*1, Alice Eiko Murakami1, 
Márcia Izumi Sakamoto1, Paschal Aguihe2, and Paulo Cesar Pozza1, 
1Universidade Estadual de Maringá, Maringá, Brazil, 2University of 
Ibadan, New Bussa, Nigeria.

Three studies were conducted to examine the interactions and determine 
the requirements of standardized ileal digestible (SID) Leu, Val and Ile in 
low-protein diets for broiler chickens by response surface methodology 
using a central composite rotatable design (CCD) . Three time periods 
were evaluated independently, 1 to 14 d (starter), 14 to 28 d (grower), 
and 28 to 42 d (finisher) of age. A total of 1500 Cobb 500 male broiler 
chickens were assigned to 15 diets of CCD containing 5 levels of SID 
Leu, Val and Ile with 5 replicate pens of 20 birds each . Dietary SID 
Leu, Val and Ile levels were ranged from 1 .10 to 1 .55%, 0 .81–1 .21%, 
and 0 .68–1 .08% at the starter phase; 1 .00–1 .60%, 0 .67–1 .07%, and 
0 .59–0 .99% at the grower phase and 0 .98–1 .58%, 0 .67–1 .07%, 
0.59–0.99% at the finisher phase respectively. A 3-factor, 5-level CCD 
platform was used to fit the second-order polynomial equation of broiler 
performance . All data were analyzed using the RSREG procedure of 
SAS software. Canonical analysis was performed to find which model 
term is considered more important during the modeling process . The 
response surface analysis showed quadratic effects (P < 0 .05) of SID 
Leu, Val and Ile levels on ADG and gain-to-feed ratio, but not (P > 
0 .05) on ADFI for all the feeding periods evaluated . The cross-product 
(interaction effects) of AA was significant (P < 0 .05) on gain-to-feed 
ratio but not (P > 0 .05) on ADG for the starter and grower phases . There 
was interaction effects (P < 0 .05) between the SID levels of Leu, Val, 
and Ile on ADG and gain-to-feed ratio for the finisher phase. Canoni-
cal analysis of the response surface models showed that the maximum 
performance at the stationary point may be obtained with 1 .35, 0 .95, 
and 0 .86%; 1 .23, 0 .83, and 0 .75%; 1 .16, 0 .77, and 0 .69% of dietary SID 
levels of Leu, Val, and Ile for the starter, grower and finisher phases 
respectively . Canonical analysis indicated that the most important AA 
in the model of ADG and gain-to-feed ratio were Leu . Dietary Leu, Val 
and Ile interactions can influence the performance. Then, it is necessary 
to consider the dietary Leu content to estimate the ideal level of Val and 
Ile in low-CP diets for optimum broiler performance .

Key Words: broiler, branched-chain amino acid, response surface

417P   Effect of dietary glutamine on growth performance of 
growing broiler chickens raised under heat stress conditions. Ji 
Eun Shin*, Gi Ppeum Han, Franco Pitargue, and Dong Yong Kil, 
Chung-Ang University, Anseong, Gyeonggi-do, Korea.
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The objective of this experiment was to investigate the effect of dietary 
glutamine on growth performance of growing broiler chickens raised 
under heat stress conditions . A total of 1,000 21-d-old Ross 308 growing 
broiler chickens were randomly allotted to one of 4 treatments with 5 
replicates consisting of 50 birds per replicate . The experimental design 
was a completely randomized design with a 2 × 2 factorial arrangement 
of treatments . The main factors consisted of environmental temperature 
and diets . The basal diets were prepared, and glutamine was added 
to the basal diet at the inclusion level of 1 .0% . The diets were fed to 
birds for 14 d . Before the start of the experiment, all birds were raised 
under the same environmental conditions and were fed the commercial 
starter diets . At the 21 d of age, birds were separately raised under 
either heat stress or normal conditions . Average room temperature for 
heat stress conditions was maintained at 29.7 ± 1.4°C during the first 
week and then reduced to 25 .7 ± 0 .7°C during the second week . Aver-
age room temperature for normal conditions was maintained at 22 .4 
± 0.6°C during the first week and reduces to 20.4 ± 0.9°C during the 
second week . The effects of environmental temperature, diets, and their 
interaction on growth performance of growing broiler chickens were 
analyzed. Results indicated that no significant interaction for growth 
performance was observed; thus, the main effects were only presented . 
Heat stress conditions decreased (P < 0 .01) body weight gain, feed 
intake, and feed efficiency of growing broiler chickens. Inclusion of 
1 .0% glutamine in diets increased (P < 0 .05) body weight gain, feed 
intake, and feed efficiency of growing broiler chickens, regardless of 
environmental temperature . In conclusion, heat stress conditions impair 
growth performance of growing broiler chickens . Dietary glutamine 
improves growth performance of growing broiler chickens and the 
extent of the improvement was similar for growing broiler chickens 
raised under normal or heat stress conditions .

Key Words: glutamine, growing broiler chicken, growth perfor-
mance, heat stress condition

418P   A population approach using linear and quadratic 
plateau models to valine intake for laying hens. Vinícius Oliveira*, 
Euclides Malheiros, Nilva Sakomura, Edney da Silva, Matheus Reis, 
and Camila Gonçalves, Unesp, Jaboticabal, São Paulo, Brazil.

In situations where there is high variability between birds, it becomes 
difficult to choose which bird would be used as a reference to deter-
mine the percentage of nutrient ingestion that attends the population of 
interest . The aim in this study was to adjust the linear plateau (LP) and 
quadratic plateau (QP) models for egg mass (EM) in function of valine 
(Val) intake, to evaluate what percentage of the population is being 
attended by the level determined in each model . Seventy laying hens 
at 29 weeks old were distributed in a completely randomized design 
with 7 treatments and 10 replicates of 1 bird . The diets were formulated 
using the dilution technique with increasing levels of Val (3 .06, 4 .09, 
5 .79, 7 .15, 7 .85, 8 .85 g/kg of digestible Val, and a control diet to verify 
wheatear Val was the limiting amino acid) . The study lasted 10 weeks 
(6-wk adaptation and 4-wk data collection). The EM was fitted (SAS 
9 .2) in function of z as follows: LP (Y = L+U × (R-X)) and QP (Y = 
L+U × (R-X)2), assuming R-X = 0 when X ≥ R; where: Y is the EM 
(g/day); L is the maximum response for EM (g/day); U is the slope; X 
is the z value; R is the z value that represents optimum Val intake . The 
response variable (Val intake) was standardized to obtain the z value, 
calculating the difference between individual (x) and population mean 
intake (μ) of Val (mg/day) divided by the standard deviation (δ) of the 
population (z = (x – μ)/δ). In this study, the dietary levels of Val influ-
enced EM . The LP model obtained was Y = 57 .8 – 21 .7 × (0 .09 – X), 
estimating that the optimum Val intake (R) is in the area of normal dis-

tribution curve (z = 0 .09); therefore, 596 mg/bird of Val intake attends 
the requirement of 54% of the population . The equation obtained for 
QP model was Y = 59 .7 – 4 .4 × (1 .3 – X)2, estimated the standardized 
Val intake as 1 .3, indicating that an intake of 877 mg/bird attends the 
requirement of 90% of the population . In this exercise it was concluded 
that the 2 proposed models meets the requirement that attend different 
percentages of population .

Key Words: amino acid, requirement, eggs mass, normal distribution

419P   Responses of broilers to tryptophan intakes. Raian 
Acacio, Nilva Sakomura, Nayara Ferreira, Letícia Soares*, Mirella 
Melaré, Mariana do Nascimento, and Camila Gonçalves, Faculdade 
de Ciências Agrárias e Veterinárias, Jaboticabal, Brazil.

Tryptophan (TRP) is an essential amino acids for broilers, precursor of 
protein synthesis, its requirement differs according to the lineage, age 
and sex of the animal . The aim of this study was to estimate the TRP 
requirements for male Cobb 500 broilers from 1 to 14, 15 to 28 and 29 
to 42 d old . Six hundred and forty [M1] birds were used in each phase, 
distributed in a completely randomized design with 7 TRP levels and 
4 replicates with 20 birds each . Diets were formulated using dilution 
technique, and TRP in the diet were 0 .56, 1 .02, 1 .49, 1 .95, 2 .41, 2 .66 
and 2 .94 g TRP/kg diet (1 to 14 d), 0 .54, 0 .94, 1 .35, 1 .75, 2 .15, 2 .46 and 
2 .75 g TRP/kg diet (15 to 28 d) and 0 .52, 0 .91, 1 .30, 1 .68, 2 .07, 2 .36 
and 2 .60 g TRP/kg (29 to 42 d),[M2] in addition, were used a control 
diet adding L-tryptophan in the lower level in each phase, to verify that 
responses are due to the limitation of TRP in the protein profile. The 
body weight gain for each phase was analyzed to regression analysis, 
and fitted the broken-line model (LRP) using a statistical software 
(SAS 9.0). The LRP model was fitted considering the TRP intake as 
an independent variable and the BWG as the dependent variable: Y = 
L+U × (R – X); where Y is the BWG (g /bird), L is the maximum BWG 
response (g / bird), U is the slope of the line to the breaking point and 
R is the optimum TRP level for the maximum BWG . The LRP model 
adjusted for the first phase was BWG = 385.5 – 483.0 × (0.761 – X), the 
second phase was BWG = 1124 .8 – 394 .0 × (2,678 – X) and the third 
phase was BWG = 1568 .3 – 339 .5x(4 .15 – X) . The TRP intake for the 
maximum BWG response (385 .5, 1124 .8 and 1568 .3), were 0 .761, 2 .678 
and 4 .15 g / bird, for 1 to 14, 15 to 28 and 29 to 42 d old, respectively . 
Considering the ingestion of TRP from the respective phases, concluded 
that the levels obtained through the LRP model is the optimal level for 
the maximum response of the animals .

Key Words: amino acid, modelling, LRP

420P   Bioefficacy of lysine from l-lysine sulfate in starter 
broiler chickens diets. Barbara de Oliveira, Vanessa Silva, Alisson 
Clemente, Marcelo Espósito, Andressa Carvalho, and Antônio Berte-
chini*, University Federal of Lavras, Lavras, Minas Gerais, Brazil.

A new source of industrial lysine is being produced to be used as a 
supplement to animal diets . The differences of this new source are the 
sulfate radical stabilizing instead of HCl and its effective lysine concen-
tration . The objective of this assay was to determine the lysine sulfate 
efficiency using lysine-HCl as a control, as well as measure performance 
and carcass characteristics for the calculation of the efficiency. A total 
of 2016 male Cobb-500 d-old chicks, randomly distributed, were used 
performing a factorial scheme 4 × 2 + 1 (digestible lysine levels × lysine 
sources + control), for a total of 9 treatments with 8 replicates of 28 
birds each . The treatments consisted of increasing levels of digestible 
l-lysine (1 .0, 1 .1, 1 .2 and 1 .3%), with 2 lysine sources supplementa-



Poult. Sci. 96(E-Suppl. 1)156

tion, l-lysine-HCl, 99% (79%) and l-lysine sulfate, 90% (70%) and a 
treatment without additional lysine with 0 .9% digestible lysine . The 
basal diets were formulated according to the recommendations of the 
genetic line with the exception of lysine . The performance was evalu-
ated during the first 21 d of age, and at this age, 2 birds per pen were 8 
h fasted and slaughtered for evaluation of the carcass yield. Bioefficacy 
was estimated using exponential and simple linear regression . There 
were no significant differences (P > 0 .05) between lysine sources for 
performance and yield breast . On the other hand, the increase of dietary 
lysine levels (P < 0 .05) improved body weight and (P < 0 .05) feed 
conversion, without affecting feed intake and breast yield . The results 
of l-lysine sulfate bioefficacy, based on weight gain and feed conversion 
were 108 and 109 .6%, for exponential and simple linear regressions, 
respectively. Greater differences in bioefficacy were found for feed 
conversion being observed at 110% for exponential regression and 
114 .9% for simple regression . Current research has suggested that the 
new source of lysine had a positive effect on growth performance and 
broilers feed efficiency during the first 21-d-old period.

Key Words: amino acid, bioefficacy, broiler performance, carcass, 
lysine

421P   Bioefficacy of l-lysine sulfate compared with feed-grade 
l-lysine HCl in finisher for broiler chickens diets. Barbara de 
Oliveira, Bernardo Nogueira, Frederico de Oliveira Bustamante, 
Luís de Freitas, Fabiana Maciel, and Antônio Bertechini*, University 
Federal of Lavras, Lavras, Minas Gerais, Brazil.

A broiler growth assay was conducted to determine the bioefficacy of 
lysine from l-lysine sulfate compared with l-lysine HCl . A total of 1800 
d-old male Cobb-500 chicks were randomly distributed in a completely 
randomized design with 4 × 2 + 1 factorial arrangement consisting of 
digestible lysine levels of 0 .850, 0 .950, 1 .050 and 1 .150%, the lysine 
sources (l-lysine HCl – 79% and l-lysine sulfate – 70%) and a treatment 
without addition of industrial lysine with 0 .750% digestible lysine . 
Each of the 9 treatments was fed to 8 replicates of 25 birds/pen . The 
basal diets were formulated using corn and soybean meal according to 
the genetic line recommendations with the exception of lysine values . 
Chicks had ad libitum access to feed and water . The performance was 
evaluated from 22 to 42 d of age, and 2 birds per pen were fasted for 8 h 
and slaughtered for evaluation of carcass and cutting yields. Bioefficacy 
was estimated using exponential and simple linear regression (slope-
ratio). No significant differences were found (P > 0 .05) in relation to the 
2 lysine sourcesfor performance as well as carcass and cutting yields . 
On the other hand, the dietary lysine levels increase resulted in linear 
increments (P < 0 .05) in weight gain and linear improvement (P < 0 .05) 
in feed conversion, without affecting feed intake and carcass and cut-
ting yields. The results of bioefficacies based on weight gain and feed 
conversion were 96 .5 and 117 .2% for the exponential and simple linear 
regressions, respectively. Greater differences in bioefficacy were found 
for weight gain, with 115% for exponential regression and 125 .6% for 
simple regression . Thus, it is concluded that the l-lysine sulfate can be 
used to replace the l-lysine HCl without affecting the performance and 
carcass characteristics of the broilers in the finisher phase.

Key Words: amino acid, broiler performance, carcass, cutting yield, 
lysine source

422P   Digestible valine requirements for laying hens. Vinícius 
Oliveira*1, Euclides Malheiros1, Nilva Sakomura1, Matheus Reis2, 
Camila Gonçalves1, and Fernando Antayhua1, 1UNESP, Jaboticabal, 
São Paulo, Brazil, 2Unesp, Jaboticabal, São Paulo, Brazil.

Using inadequate levels of valine (Val) can induce to lower egg mass 
(EM) in laying hens, because the deficiency of this amino acid limits the 
protein synthesis . When used in excess, more energy is used to support 
nitrogen excretion . Thus, the aim of this study was to determine the 
requirements of Val for EM production in laying hens using the broken-
line model . For this trial, we utilized 70 laying hens with 29 weeks of 
age, distributed in a completely randomized design with 7 treatments 
(levels of Val) and 10 replicates of one bird each . The experimental diets 
were formulated according to Brazilian Tables recommendations and 
using the dilution technique . Different levels of Val were obtained by 
formulating a high protein level diet containing approximately 1 .3 times 
of the Val requirements and 1 .5 times of other essential amino acids . 
This diet was sequentially diluted with an isocaloric protein-free diet . 
The treatments consisted of 6 diets with increasing levels of Val (3 .06, 
4 .09, 5 .79, 7 .15, 7 .85 and 8 .85 g / kg of digestible Val and a control diet 
with 3 .06 g / kg + 1 .03 . g / kg of L-valine, used to verify that responses 
are due to the limitation of Val in the protein profile. The trial lasted 10 
weeks (6-wk adaptation and 4-wk data collection) . The EM data were 
subjected to ANOVA, considering 5% of significance level, and then 
used in the adjustment of the broken-line model using SAS 9 .2 statistical 
software . The broken-line model was adjusted considering the Val intake 
as the independent variable and EM as the dependent variable: Y = Rmax 
+ U × (R – X); where: Y is the EM (g/day), Rmax is the maximum EM 
response (g/day); U is the slope and R is the optimal Val intake (mg/day) 
for maximum EM response . The broken line model obtained was: Y = 
57 .85 – 0 .0916 × (596 – X) . This result indicates that the optimal level 
of digestible Val intake is 596 mg/day for a maximum EM of 57 .85 g/
day and considering the feed intake of 105 g/day, is obtained the dietary 
Val concentration of 5 .67 g/kg for laying hens .

Key Words: amino acid, intake, model, egg mass, broken-line

423P   Amino acid composition and digestibility of organic feed 
ingredients. Marie Milfort, James Foutz, Claudia Dunkley, Adam 
Davis, Romdhane Rekaya, and Samuel Aggrey*, University of Geor-
gia, Athens, GA.

Amino acid availability is an important measure of protein quality . 
Although important, composition of feed ingredients does not necessary 
equate to availability . Formulation of diets on a digestible amino acid 
basis may decrease feed costs, lower feed safety margins, and decrease 
nitrogen excretion into the environment . We therefore determined the 
amino acid availability of organic ingredients to enable us to formulate 
diets based on digestible amino acids . Amino acid digestibilities of 
ingredients were determined using total fecal collection precision-fed 
cecetomized rooster assay . Total amino acid content of feed ingredients 
and excreta were determined at the Agricultural Experimental Station 
Chemical Laboratories, University of Missouri-Columbia, MO . Per-
cent total (digestible) lysine and methionine in organic corn, organic 
soybean meal, organic sunflower meal and organic Brazil nut powder 
were 0 .250 (0 .190), 2 .965 (2 .709), 0 .840 (0 .713), and 1 .505 (1 .317) 
for lysine and 0 .165 (0 .146),0 .660 (0 .594), 0 .505 (0 .469), and 3 .450 
(3 .360) for methionine, respectively . Using these organic ingredients, 
the inclusion of about 9 .32% Brazilian nut powder would be adequate 
to meet the sulfur amino acid requirement in a broiler starter diet with 
lysine and threonine supplementations . Based on the analysis of these 
ingredients, we will evaluate several feed formulation strategies to meet 
the sulfur amino acid requirements of poultry, both broilers and layers 
without exogenous supplementation of methionine . Animal trials will 
be initiated to evaluate the efficacy of the formulated diets.

Key Words: organic ingredients, digestibility, methionine, lysine, 
Brazil nut powder
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424P   A meta-analysis of the effect of Victus Broiler under 
commercial and experimental conditions. Nelson Ward*1, James 
Kessler2, Doug Teige3, April Levy4, and Aaron Cowieson5, 1DSM 
Nutritional Products, Ringoes, NJ, 2DSM Nutritional Products, 
Murrieta, CA, 3DSM Nutritional Products, Lindell Beach, BC, 
Canada, 4DSM Nutritional Products, Ankeny, IA, 5DSM Nutritional 
Products, Basel, Switzerland.

Today’s technology allows for a wide selection of enzymes and a more 
targeted approach in products to improve corn/soybean meal-based 
broiler diets . Victus Broiler is a relatively new composite of carbo-
hydrases, debranching enzymes, protease, and phytase for each feed 
phase . This composite targets bird physiology (respective of age) and 
feed substrates, as well branched nonstarch polysaccharides (NSP) - 
especially corn arabinoxylan . Here, Victus broiler was compared with 
established commercial carbohydrase-based products for efficacy and 
feed savings in 17 individually conducted experiments . Seventeen trials 
evaluated Victus Broiler throughout North America over a 2-year period 
with approximately 15,000 Ross and Cobb broilers per treatment (Victus 
versus alternative) grown in floor pens having at least 10 replicates/
treatment . Diets mimicked a 3–4 feed pelleted commercial program . 
Feeds were corn/SBM-based (exception of one wheat-based) and most 
included corn DDGS and meat and bone meal . Victus (375 g/MT) uti-
lized a matrix for least-cost formulation for metabolizable energy, amino 
acids, phosphorus and calcium . In 13 of the 17 trials, established com-
petitive enzymes (a carbohydrase alone or a combination of enzymes) 
were the ‘Existing Enzyme Program’, while the remaining experiments 
were composed of feeds with ‘No Dietary Enzymes’ . Overall, Victus 
increased broiler body weight 0 .7% over existing enzyme programs and 
0 .6% over all feeds . Victus improved feed conversion ratio (FCR) 0 .6% 
compared with competitive enzyme programs and 4 .8% with no enzyme 
supplementation (P < 0 .05) . The FCR in the control and Victus groups 
was correlated (P < 0.05) and the beneficial effect of Victus on FCR was 
more pronounced in groups with higher inherent FCR . Mortality was 
unaffected by treatment . Feed costs calculated at the time of the trial 
favored Victus Broiler by $11.24/MT and $4.30/MT for feeds with no 
enzyme and competitive enzyme programs, respectively . This translated 
into a 2 .8% reduction in overall feed costs/kg live weight . Victus Broiler 
improved broiler FCR and body weights over established commercial 
enzyme products across 17 studies . Victus was more effective against 
nonenzyme programs, but provided overall superior cost savings . The 
targeted and multi-enzyme approach against cereal and leguminous 
ingredient substrates may explain the success of Victus . Although not 
evaluated, efficacy differences may also extend to pelleting.

Key Words: Victus, enzyme, broiler, performance, cost

425P   The effect of combining microbial phytase, protease, and 
xylanase on performance of broiler chicks fed diets containing 
reduced levels of available phosphorus, amino acids and energy. 
Megharaja Manangi*, Steven Bettis, Juxing Chen, and Mercedes 
Vazquez-Anon, Novus International Inc., St. Charles, MO.

A 42d experiment was conducted to evaluate the effects of supplementa-
tion of microbial 6-phytase (Cibenza Phytaverse G10) in combination 
with a protease (Cibenza DP100) and xylanase (Cibenza Xylaverse) in 
broiler chicks fed reduced levels of available phosphorus (aP), amino 
acids (aa), and energy corresponding to matrix values assigned for each 
of the products using Corn-SBM-Canola meal-Rice bran mixed diets . 
A total of 2016 Ross-308 male chicks were assigned under randomized 

complete block design to 9 treatments with 8 pens/treatment and 28 
chicks/pen . Treatments consisted of reduced levels of aP, aa/CP and 
energy from the positive control (PC) diet . Test diets included: T1 (nega-
tive control, NC); T2 (T1+phytase at 500U/kg diet); T3 (T1+protease at 
300,000U/kg diet); T4 (T1+xylanase at 250U/kg diet); T5 (T1+phytase 
+ protease); T6 (T1+phytase + xylanase); T7 (T1+ protease + xylanase); 
T8 (T1+phytase + protease + xylanase); T9 (industry levels of aP, aa/
CP, and energy) (PC) . For T1 the energy was reduced by ~90kcals, CP 
by ~5%, Lys by ~4%, TSAA by ~5%, and Thr by ~7%, across phases 
compared with T9 . The data were analyzed using 1-way ANOVA and 
the means were separated using protected t-test at P ≤ 0.05. End of the 
trial outcome indicated a significant treatment effect for cumulative 
FCR (adjusted for mortality and culls) (cFCR) (P < 0 .05) but not for 
cumulative weight gain, feed intake, and mortality (P > 0 .05) . cFCR for 
the PC was better (P < 0 .05) than all the treatments except T5 . cFCR 
for T2, T4, T6, T7, and T8 were similar and not different from the NC 
(T1) (P > 0 .05) . T3 (protease) improved (P < 0 .05) cFCR compared 
with the NC but not different from T5 . Supplementing the combination 
of phytase and protease (T5) resulted in a significant improvement (P 
< 0 .05) in cFCR compared with T1 and similar (P > 0 .05) to the PC 
(T9) . In summary, under the experimental conditions tested, the data 
from d 42 indicates that the combination of phytase and protease leads 
to improved cFCR which is similar to the PC than the enzymes supple-
mented separately or in other combinations . Cibenza, Phytaverse, and 
Xylaverse are trademarks of Novus International, Inc . and are registered 
in the United States and/or other countries .

Key Words: phytase, protease, xylanase, broiler

426P   Multi-carbohydrase supplementation improves growth 
performance and nutrient digestibility in broiler chickens. Samiru 
Wickramasuriya*1, Eunjoo Kim1, Hyun Min Cho1, Taeg Kyun Shin1, 
Rob Patterson2, and Jung Min Heo1, 1Chungnam National University, 
Daejeon, Korea, 2Canadian Bio-Systems Inc., Calgary, Canada.

The effect of dietary multi-carbohydrase supplementation on growth 
performance and nutrient digestibility in broiler chickens was evalu-
ated in a 35-d study . A total of 168 1-d-old Ross 308 broiler chicks 
were randomly allocated to 1 of 4 dietary treatments arranged in a 2 × 
2 factorial arrangements with 6 replications per treatment and 7 birds 
per cage . Diets were corn-soybean meal based and were formulated on 
Ross 308 (Aviagen, 2014) specifications. Dietary treatments were as 
follows: (1) positive control (PC; energy sufficient, 3200 ME, kcal/kg); 
(2) negative control (NC; energy deficient, 3100 ME, kcal/kg); (3) PC + 
multi-carbohydrase (MC; Superzyme-CS; 0 .05%); (4) NC + MC . Birds 
were fed their respective experimental diets ad libitum for the entire 
study period and management practices were performed according to 
the Ross 308 broiler management guide (Aviagen, 2014) . Growth per-
formance, feed intake and FCR were measured on a weekly basis . One 
bird per pen (n = 24) was selected and sacrificed for collection of ileal 
digesta on d 21 and 35, respectively . Higher ADG (56 .40 vs . 58 .60 g, 
P < 0 .05) was observed for birds fed MC for the overall period (0–35 
d) compared with birds fed a diet without MC . An interaction between 
dietary energy and MC was observed for FCR during the starter period 
(0–21 d) as only birds fed the NC diet supplemented with MC showed 
improved (1 .38 vs . 1 .30, P < 0 .05) FCR compared with birds fed the NC 
diets . Multi-carbohydrase supplementation increased (P < 0 .05) DM, CP 
and energy digestibility compared with birds fed a diet without MC on 
d 21 by 2, 4 and 3%, respectively . Moreover, birds fed diets with MC 
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increased (81% vs . 82%, P < 0 .05) DM digestibility on d 35 compared 
with its counterpart, regardless of dietary energy level . In addition, birds 
fed PC diets showed increased (P < 0 .05) CP (68% vs . 71%) and energy 
(76% vs . 79%) digestibility on d 21 along with higher (82% vs . 84%, P 
< 0 .05) energy digestibility on d 35, independent of MC supplementa-
tion . This study, therefore, indicated that MC supplementation improved 
growth performance along with nutrient digestibility in broiler chickens 
fed corn and soybean-meal diets from hatch to 35 d of age, regardless 
of dietary energy level .

Key Words: broiler, digestibility, energy, growth performance, 
multi-carbohydrase

427P   The effect of enzyme supplementation on egg quality, 
omega-3 (n-3) fatty acid deposition, and foregut morphology in 
hens fed flax. Gita Cherian* and Lindsay Westbrook, Oregon State 
University, Corvallis, OR.

Flax is a rich source of α-linolenic acid (ALA, 18:3 n-3). Feeding flax to 
hens can increase n-3 fatty acids (FA) in eggs . However, non-starch poly-
saccharides (NSP) in flax decrease nutrient digestibility and can have a 
negative impact on egg n-3 FA incorporation . Addition of carbohydrase 
enzymes to flax-based diets can decrease the anti-nutritive effects of 
NSP . An experiment was conducted to investigate the effect of enzyme 
supplementation on FA composition and foregut morphology in hens 
fed flax. A total of 72 (51-week old) brown layer hens were assigned to 
one of the 4 dietary treatments (6 replicates with 3 hens per replicate): 
corn-soy based diet containing 0% flax (Control), 10% flax (Flax), Flax 
+0 .05% enzyme (Flax+E1), or Flax+0 .1% enzyme (Flax+E2) for a 120-d 
feeding trial . Omegazyme (Canadian Biosystems) contains cellulase 
(2800 U/g), xylanase (1000 U/g), glucanase (600 U/g), and mannanase 
(400 U/g) . Egg, yolk and albumen weight was highest in Flax+E1 (P < 
0 .05) . No difference was found in eggshell weight (P > 0 .05) . Albumen 
thickness and Haugh unit was lowest in Flax+E2 eggs (P < 0 .05) . ALA, 
docosahexaenoic acid (DHA) and total n-3 FA were highest in Flax+E2 
eggs (P < 0 .05) . Total n-3 FA constituted 97 .2, 210 .9, 235 .2, and 259 .3 
mg in Control, Flax, Flax+E1 and Flax+E2 eggs, respectively (P < 
0 .05) . Total n-6:n-3 FA ratio was lowest in Flax+E1 and Flax+E2 eggs 
(P < 0 .05) . No difference was observed in egg total fat content, lipid 
oxidation products, egg production or feed consumption due to diet (P 
> 0 .05) . Liver total lipids were higher in Flax and Flax+E1 than Control 
and Flax+E2 (P < 0 .05) . ALA was highest in liver of hens fed Flax+E2 
(P < 0 .05) . No difference was found in liver DHA, n-6:n-3 FA ratio, and 
total n-3 FA due to enzyme supplementation in hens fed diets containing 
flax (P > 0 .05) . Villi height and villi width was higher in duodenum and 
jejunum of birds fed flax-based diets than Control (P < 0 .05) . Enzyme 
supplementation led to an increase in villi width in jejunum (P < 0 .05) 
in hens fed Flax+E2 (P < 0 .05) . No effect of diet was observed in the 
crypt depth and villi height:crypt depth ratio in the jejunum (P > 0 .05) . 
It is concluded that enzyme supplementation enhances egg quality, n-3 
FA deposition and foregut histomorphometric indices in hens fed flax.

Key Words: flax, enzyme, egg, n-3 fatty acids, villi morphology

428P   Total-tract lipid digestibility, muscle fatty acids and 
oxidative stability during storage in broilers fed flax with carbo-
hydrase enzyme. Brian Head, Francine Vercese*, and Gita Cherian, 
Oregon State University, Corvallis, OR.

Total-tract lipid digestibility, muscle fatty acids (FA) and oxidative 
stability during storage in broilers fed flax with carbohydrase enzyme 
is investigated. It is hypothesized that carbohydrase enzyme in flax-fed 

broilers will enhance lipid digestibility and will increase muscle n-3 
FA deposition while maintaining oxidative stability during storage . 
Broilers (n = 24) were fed a corn-soy diet containing 0% flax (Control), 
10% flax (Flax), Flax+0.05% enzyme (Flax+E), for 42 d (d). Enzyme 
(Omegazyme) contained cellulase (2800 U/g), xylanase (1000 U/g), 
glucanase (600 U/g), mannase (400 U/g), galactanase (50 U/g), amylase 
(1000 U/g) and protease (200 U/g) . Total-tract lipid and FA digestibility 
was assessed from d 19 to 21 . Breast and thigh muscles were stored 
in the refrigerator for 1 or 7 d, or were kept frozen at −20°C for 28 d. 
Muscle total lipids, FA, and oxidative stability as thiobarbituric acid 
reactives substances (TBARS) were measured on d 1, 7, and 28 . Flax 
and Flax+E reduced total-tract lipid digestibility (P < 0 .001), increased 
excreta dry matter and total lipids compared with Control (P < 0 .05) . 
Apparent fecal digestibility of linolenic (ALA, 18:3n-3) and linoleic 
(18:2n-6) acid increased in Flax+E compared with Flax (P < 0 .001) . 
No effect of enzyme on fecal digestibility of palmitic (16:0) and oleic 
(18:1) acid (P > 0 .05) . On d 1 and 28, TBARS were lowest in Control 
thigh (P < 0 .05) . No difference was observed in thigh TBARS for Flax 
and Flax+E on d 28 (P > 0 .05) . Total lipids in thigh (d 1) was lowest in 
Flax (P < 0 .05) . Breast muscle TBARS (d 1) was lowest in Flax+E (P 
< 0 .05) . By d 28, no difference was found in breast TBARS due to diet 
(P > 0 .05) . Compared with Control, there was over 4–7-fold increase 
in ALA in the breast and thigh of Flax and Flax+E (P < 0 .05) . Enzyme 
addition led to increase in ALA in thigh (P < 0 .05) but not in the breast 
muscle of flax-fed birds. Long chain (>20C) n-3 FA increased in the 
breast muscle of Flax+E compared with Flax (P < 0 .05) . Storage up to 
28 d led to reduction in long chain n-3 FA in breast muscle (P < 0 .05) . 
Breast muscle total lipids (d 1) was lowest in Flax+E (P < 0 .05) . No 
effect of diet on final body weight, or yield of cut-up parts was observed 
(P > 0.05). Feeding broilers flax with enzyme increases n-3 and n-6 FA 
digestibility and n-3 FA deposition in muscle . Effect of enzyme on lipid 
content, FA and oxidative stability in flax-fed birds varied with muscle 
type and storage time .

Key Words: broiler, flax, digestibility, n-3 fatty acid, oxidative 
stability

429P   Efficacy of NSPase inclusion in reduced energy diets on 
broiler growth performance. Halei Williams*1, Mallori Williams1, 
Nathan Augspurger2, Blyn Brown2, and Jason Lee1, 1Texas A&M 
University, College Station, TX, 2JBS United, Sheridan, IN.

The objective of the current study was to evaluate the performance of 
male broilers fed reduced energy diets with the inclusion of a non-starch 
polysaccharide degrading enzyme (NSPase) reared to 35 d of age during 
the summer . The experimental design consisted of 3 dietary treatments 
including a positive control (PC), negative control (NC) with a 88 
kcal/kg AME reduction throughout the experiment compared with the 
PC, and the NC supplemented with NSPase . Each treatment consisted 
of 25 replicate pens with 20 male broilers placed per replicate (1,500 
total broilers placed) . The dietary program consisted 3 dietary phases; 
a starter from d 1 to 13, a grower from d 13 to 25, and a finisher from 
d 25 to 35 . All diets were corn and soybean meal based and included 
dried distillers grain with solubles (DDGS), meat and bone meal and 
bakery meal in each phase of production . Broilers were weighed and 
feed consumption was determined on d 13, 25, and 35 which coincided 
with dietary changes . Evaluated parameters included body weight (BW), 
feed consumption (FC), and mortality corrected feed conversion ratio 
(FCR) . The reduction of energy in the NC diet reduced (P < 0 .05) BW 
on d 13 compared with the PC fed broilers . Inclusion of the NSPase 
increased (P < 0 .05) BW when included in the NC diet to levels similar 
to the PC. Energy reduction negatively influenced FCR throughout the 
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experiment as the NC fed broilers exhibited an increase (P < 0 .05) in 
FCR during all stages of production compared with the PC fed broilers 
resulting in an increase (P = 0 .01) in cumulative FCR at d 35 of age . 
Inclusion of the NSPase decreased (P < 0 .05) FCR during the starter 
and finisher phases of production along with cumulatively through 35 
d of age .These data demonstrate that NSPase inclusion can be utilized 
in broilers with a short growth period as evidence by improvements in 
feed efficiency.

Key Words: energy, broiler, enzyme, performance

430P   Carbohydrases in poultry diets on ileal digestibility 
of nutrients. Jomara Broch*2, Ricardo Nunes1, Cinthia Eyng1, 
Wagner Silva3, Idiana Silva1, Marina Susin1, Gabriela Sangalli1, and 
Paulo Pozza4, 1Universidade Estadual do Oeste do Parana, Athens, 
GA, 2Universidade Estadual do Oeste do Paraná - UNIOESTE, 
Marechal Cândido Rondon, Paraná, Brazil, 3Safeeds, Cascavel, 
Brazil, 4Universidade Estadual de Maringá, Maringa, Brazil.

The addition of enzymes in poultry diets has been an alternative to 
increase the digestibility of feed nutrients, the carbohydrases (CHO) are 
an important group of enzymes for this purpose, becoming important 
the development of researches to evaluate these new CHO mixes . In 
this study the effect of different levels of new CHO inclusions in broiler 
diets was evaluated from 36 to 42 d of age . A total of 960 one-day-old 
chicks were randomly distributed in 6 treatments and 8 replicates . The 
treatments were: T1- Positive Control (PC); T2 Negative Control (NC) 
reduction in 150 kcal .kg-1; T3-NC added 40g .ton-1 CHO; T4 - NC 
added 80g .ton-1 CHO; T5NC added 120g .ton-1 of CHO; and T6-NC 
added 160g .ton-1 CHO . To evaluate the nutrient digestibility, Celite 
was used as indicator . Data were subjected to ANOVA and mean values 
were compared with PC and inclusion levels of CHO were analyzed 
by polynomial regression (P < 0 .05) . The dry matter (DM) presented 
a linear effect (P < 0 .05) improving the feed digestibility with CHO 
inclusion . The digestibility of the crude protein (CP) in the diets with 
NC and CHO did not differ from the PC diet, however, they showed a 
quadratic effect (P < 0 .05), and the highest protein digestibility occurred 
with CHO inclusion . For CE only the NC treatment presented similar 
to PC . The use of CHO in termination feed with energy reduction pro-
vided a better use of the CE of the diets, showing higher linear effect 
(P < 0.05). These results were confirmed by the quadratic effect (P < 
0.05) observed in the neutral detergent fiber (NDF) and hemicellulose 
digestibility coefficients, which presented maximum digestibility with 
the inclusion of 55 .52 and 60 .34 g/ton of CHO, respectively . The action 
of the CHO is directly linked to the digestion of structural carbohydrates 
(NDF and hemicellulose), resulting in an extra caloric improvement 
to the birds and consequently better nutrient utilization and superior 
performance . The inclusion of CHO provided an improvement in the 
nutrient digestibility of the rations evaluated, however the choice of 
dosage should be evaluated economically .

Key Words: digestibility, carbohydrase, enzyme, protein, energy

431P   Effects of pellet temperature and inclusion of a non-
starch polysaccharide degrading enzyme on broiler performance 
and nutrient digestibility. Hunter Walters*1, Austin Jasek1, Nathan 
Augspurger2, and Jason Lee1, 1Texas A&M University, College Sta-
tion, TX, 2JBS United, Sheridan, IN.

The objective of the current experiment was to evaluate the impact 
of increasing pelleting temperatures and the inclusion of a non-starch 
polysaccharide degrading enzyme (NSPase) in diets fed to male broil-

ers on growth performance and nutrient digestibility . The experiment 
was a completely randomized block design with a total of 2,250 male 
broilers being assigned to 6 diets consisting of 15 replicates per treat-
ment with 25 broilers per replicate . A 3 × 2 factorial design was used 
with conditioning temperature levels being 80, 85, and 90°C with a 12 s 
conditioning time with and without the inclusion of NSPase . One basal 
diet was mixed and divided into dietary treatments depending on NSPase 
inclusion and pelleting temperature . Broilers were fed a starter (d 1–14), 
grower (d 15–28), and finisher (d 29–42). Average body weight (BW), 
mortality adjusted feed conversion ratio (FCR), and feed consumption 
were determined on d 14, 28, and 42 . On d 14 and 42, 5 and 3 birds, 
respectively, were euthanized and ileal contents collected (pooled within 
replicate) for determination of ileal digestibility of energy (IDE) and 
nitrogen (IDN) . Data were analyzed via a 3 × 2 factorial ANOVA with 
main effect means being deemed significantly different at P ≤ 0.05. 
Inclusion of NSPase increased (P = 0.017) final BW by 66 g on d 42 
while also reducing (P = 0.032) FCR during the finisher phase (1.911 
vs . 1 .962) . Increasing pelleting temperature resulted in an increase (P = 
0 .01) in FCR during the grower phase (1 .588 vs . 1 .587 vs . 1 .622) . For 
ileal digestibility, a significant interaction was present between pellet-
ing temperature and enzyme on d 14 for both IDE and IDN as NSPase 
effect was more pronounced at the lower temperature . On d 42, NSPase 
inclusion as well as increasing pelleting temperature improved (P < 0 .05) 
IDE and IDN. These data demonstrate the benefit of NSPase inclusion 
on nutrient digestibility and growth performance without the negative 
impact of increasing pelleting temperature .

Key Words: broiler, NSPase, performance, digestibility, pellet 
temperature

432P   Evaluation of a multicarbohydrase in broilers diets. 
Lucio Araújo*1, Márcio Ceccantini2, Cristiane Araujo1, Fabricia 
Roque1, Brunna Garcia de Souza Leite1, Yasmin Sartore1, Naiara 
Fagundes2, and Adriana Toscan2, 1University of Sao Paulo, Pirassu-
nunga, Sao Paulo, Brazil, 2Adisseo Brazil, Sao Paulo, SP, Brazil.

The aim of this trial was to evaluate the use of a multicarbohydrase 
enzyme on broilers diets from 1 to 42 d of age . A total of 840 d-old 
male Cobb broilers were allocated in a completely randomized design 
in 5 experimental treatments (T1 - positive control diet; T2 - negative 
control diet 1: positive control diet with a reduction of 50 kcal AME/kg 
and 2% digestible AA; T3 - Negative control diet 2: positive control diet 
with a reduction of 50 kcal AME / kg and 4% digestible AA; T4 - Nega-
tive control diet 1 + multicarbohydrase; T5 - Negative control diet 2 + 
multicarbohydrase), with 14 replicates of 12 birds/replicate . The diets 
were formulated with corn, soybean meal, and phytase, and supplied 
ad libitum in 5 periods (1 to 7, 8 to 21, 22 to 28, 29 to 35, and 36 to 
42 d) . Enzymatic activities and AA levels (by HPLC) in the diets were 
analyzed . Body weight, body weight gain, feed intake, feed conversion 
ratio and mortality were evaluated . An economic evaluation of the use 
of different diets was also carried out . Data were submitted to ANOVA 
and the means were compared by the Tukey test with significance at 
5% . The results showed that the reduction of energy and digestible AA 
resulted in a decrease on body weight (P = 0 .0116) and body weight gain 
(P = 0 .0120) . However, feed intake, feed conversion ratio and mortality 
were not influenced by treatments. Also, the multicarbohydrase enzyme 
supplementation recovered the broilers performance parameters, reach-
ing the standards performance of positive control, demonstrating that the 
negative control + multicarbohydrase showed the best economic benefits, 
reducing average cost with feed to produce 1 Ton of meat by US$ 10.44. 
In conclusion, the treatment using diet reduced in 50 kcal AME/kg and 
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2% of digestible AA and multicarbohydrase included provided equal 
performance to the Control Positive diet, and the best financial return.

Key Words: amino acids, energy, multicarbohydrase, NSP, xylanase

433P   Effects of increasing concentrations of corn-expressed 
non-starch polysaccharide enzyme on broiler performance and 
ileal nutrient digestibility. Corey Johnson*1, Austin Jasek1, Jon 
Broomhead2, Xuemei Li2, and Jason Lee1, 1Texas A&M University, 
Cypress, TX, 2Agrivida, Medford, MA.

The objective of the current study was to evaluate the effects on increas-
ing corn-expressed non-starch polysaccharide (NSP; mixed function 
glycosyl hydrolase) enzyme concentrations on male broiler growth 
performance and ileal nutrient digestibility . A total of 728 broilers were 
randomly assigned to 7 dietary treatments in a randomized complete 
block design with each treatment consisting of 13 replicates with 8 Cobb 
500 male broilers per replicate . The design included a positive control 
(PC) representing an industry type starter diet, a reduced energy negative 
control (NC –less 132 kcal/kg) diet, and 5 additional treatments with 
increasing NSP enzyme dosing (5, 50, 100, 250, and 500 U glucanase/
kg) added to the NC diet . Birds were fed a starter ration for the duration 
of the study (16d) . Average body weight (BW), mortality adjusted feed 
conversion ratio (FCR), and feed consumption (FC) were determined 
on 16 d of age . At the conclusion of the experiment, all birds from each 
replicate pen were necropsied and ileal contents pooled within replicate 
to determine the ileal digestibility of energy (IDE) and nitrogen coef-
ficient (IDN). All dietary treatments were included in a one-way ANOVA 
to allow comparison of enzyme inclusion rates to both the PC and NC 
diets . Additionally, regression analysis was conducted to determine the 
presence of a linear relationship between enzyme inclusion and evaluated 
parameters . The inclusion of NSP enzyme at 100 and 250 U glucanase/
kg increased (P < 0 .01) BW compared with both the PC and NC fed 
broilers . This elevation in BW was related to an increase (P < 0 .01) in 
FC in these treatments . Reduction of energy in the NC diet decreased (P 
< 0 .01) IDE value of the feed as compared with the PC diet . The addition 
of NSP enzyme to supply ≥ 100 U glucanase/kg increased (P < 0 .01) 
IDE compared with the NC diet and restored IDE similar (P > 0 .05) 
to the PC diet. Regression analysis confirmed linear increases in ileal 
digestibility of energy and nitrogen with the addition of NSP enzyme . 
These data demonstrate that increasing levels of corn-expressed NSP 
enzyme positively influences nutrient digestibility leading to significant 
improvements in broiler performance .

Key Words: broiler, NSP enzyme, performance, digestible energy

434P   Xylanase supplementation does not affect the cecal 
short-chain fatty acids concentration of 35-day-old broilers fed 
corn-based diets. Guilherme Pasquali*, Tatiane Santos, Juliana 
Denadai, Leonardo Zanetti, Everton Muro, Raimundo Ferreira Netto, 
Livia Dornelas, Armando Contin Neto, Daniele Souza, Mayara 
Santana-Eich, Jose Sartori, and Antonio Pezzato, College of Veteri-
nary Medicine and Animal Sciences, UNESP, Botucatu, Botucatu, 
São Paulo, Brazil.

Exogenous xylanase cleaves arabinoxylan and may release xylo-oli-
gosaccharides, which can be used as substrate by some gut microflora 
populations and may result in altered short-chain fatty acids (SCFA) 
profile in the gut of the chicken. Thus, the effects of dietary xylanase 
supplementation on performance, cecal pH and cecal SCFA concentra-
tions of 35-d-old broilers were evaluated . A total of 744 d-old male 
Cobb 500 chicks were randomly assigned in a 2 × 2 factorial design 

(high or low AMEn × 0 or 100 ppm of endo-1,4-β-xylanase per kg of 
feed). Each treatment included 6 replicates floor pens with 31 broilers 
per pen . Diets were based on corn and soybean meal and formulated 
to contain: High AMEn, 3,025kcal/kg (1 to 21d) and 3,125kcal/kg (22 
to 35d); or Low AMEn, 2,925kcal/kg (1 to 21 d) and 3,025kcal/kg (22 
to 35d) . At 35 d post-hatch, sampling was carried out on 2 birds per 
pen and 4 birds per pen for cecal pH and cecal SCFA concentration, 
respectively . Immediately posteuthanasia, a pH electrode was inserted 
into the cecal lumen for determination of pH by a digital pH meter . Cecal 
samples from the 4 birds were pooled and analyzed for determination 
of butyric acid, acetic acid and propionic acid concentrations by gas 
chromatography . There was no interaction between AMEn level and 
xylanase supplementation on performance, cecal pH and cecal SCFA 
concentrations (P > 0 .05) . Broilers fed diets with high AMEn showed 
improved bodyweight gain (P < 0 .01) and feed conversion ratio (P < 
0 .01) . Cecal pH was reduced by xylanase supplementation (P < 0 .05) . 
The cecal butyric acid concentration was higher in broilers fed diets 
with low AMEn levels. Although not significant, there was a tendency 
(P = 0 .07) to higher concentration of total SCFA in ceca of broilers fed 
diets with low AMEn levels . In summary, xylanase supplementation in 
corn-based diets does not affect the growth performance and the cecal 
SCFA profile, but reduces the pH of cecal digesta of 35-d-old broilers.

Key Words: NSP degrading enzyme, NSPase, carbohydrase

435P   Effect of xylanase on growth performance and cecal 
short-chain fatty acid production in broilers fed different levels 
of fiber. Amit Singh*1, Ryosuke Kida1, Mike Bedford2, and Rajesh 
Jha1, 1University of Hawaii at Manoa, Honolulu, HI, 2AB Vista Feed 
Ingredients, Marlborough, United Kingdom.

This study investigated the effect of xylanase supplementation at dif-
ferent levels of fiber on growth performance and cecal short-chain fatty 
acids (SCFA) production in broiler chickens . A total of 180 day-old 
chicks (Cobb 500) were randomly and equally distributed over 30 pens 
(6 birds/pen) . Six dietary treatments were tested using a completely 
randomized design in a 3 × 2 factorial arrangement (5 pens/treatment) . 
The treatments included 3 levels (0%, 5% and 10%) of wheat bran (WB) 
as an additional fiber source, supplemented without or with xylanase 
(0.01% Econase XT) and fed in 2 phases (starter, d 0–21 and finisher, 
d 22–35) . All diets were corn and soybean meal based containing 500 
FTU/kg phytase and were offered in mash form ad libitum with free 
access to water. Xylanase supplementation significantly (P < 0 .05) 
increased average daily gain in the finisher phase and over the whole 
trial and increased (P < 0 .05) average total gain in broilers (2025 vs 
1943 g) . Broilers fed the xylanase also had improved (P < 0 .01) feed 
conversion ratio (FCR) in the starter phase. A significant interaction (P 
< 0.05) was found between WB and xylanase on FCR in finisher phase 
and in total period. The interaction displays that high fiber diets were 
more responsive to supplemental xylanase and thus showed higher 
improvement in FCR compared with 0% WB group. Xylanase signifi-
cantly increased (P < 0 .01) total cecal SCFA (86 .6 vs 63 .4 µmol/g) with 
significant increase (P < 0 .01) in straight chain SCFA . Besides increasing 
total SCFA, xylanase also shifted the production of SCFA from acetate 
to more propionate and butyrate production . Unlike the effect on FCR, 
xylanase increased total SCFA production independent of diet type, 
suggesting some differences in hydrolysis of soluble and insoluble 
non-starch polysaccharides during digestion and cecal fermentation . It 
is concluded that xylanase can enhance growth performance and health 
of broilers by improving feed efficiency, and that some but not all of 
this response is related to increasing cecal SCFA production in broilers .
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Key Words: broiler, fiber, growth performance, short-chain fatty 
acids, xylanase

436P   Efficacy of a corn-expressed phytase enzyme in laying 
hens. Pamela Utterback*1, Shelby Corray1, Patrick Von Schaum-
burg1, John Munoz1, Carl Parsons1, and Jon Broomhead2, 1University 
of Illinois, Urbana, IL, 2Agrivida, Medford, MA.

A 16-week laying hen trial utilizing 784 Hy-Line W-36 white leghorn 
hens was conducted to determine the efficacy of adding a corn-expressed 
phytase (CEP) to corn-soybean meal diets . Eight dietary treatments 
were fed to 7 replicates of 14 hens per treatment . Diet 1 was a highly 
P-deficient diet calculated to contain 0.12% available P (aP). Diet 2 
was as Diet 1 plus 500 FTU/kg of the CEP, Diet 3 was as Diet 1 plus 
3000 FTU/kg of CEP, and Diet 4 was as Diet 1 plus 500 FTU/kg of a 
commercially available phytase. Diet 5 was a marginally P-deficient diet 
containing 0 .35% aP . Diet 6 was as Diet 5 plus 500 FTU/kg of the CEP, 
and Diet 7 was as Diet 5 plus 3000 units/kg of CEP . Diet 8 was a positive 
control diet calculated to contain 0 .45% aP . The diets were provided 
for ad libitum consumption . The hens started on treatment diets at 31 
weeks of age and average starting body weight as 1506 g/hen . Hen-day 
egg production, feed consumption, feed efficiency (g egg/ g feed), egg 
weights, and egg mass were recorded in 2-week periods . Data were 
statistically analyzed as a complete randomized design . After week 6 of 
the trial (37 weeks of age), feed consumption was approximately 100g 
per hen per day. Egg weights and feed efficiency were not significantly 
affected (P > 0 .05) by treatment, except for hens fed Diet 1 having a 
higher feed efficiency (P < 0 .05) compared with all other treatments for 
the first 2-week period. Hens fed Diet 1, the highly P-deficient negative 
control diet, had the lowest numerical egg production and egg mass after 
Week 4 . A single degree of freedom contrast between Diet 1 and all other 
diets showed that egg production was significantly lower (P < 0 .05) for 
Diet 1 during periods ending on wk 10, 12, 14, and 16 . Egg mass was 
also significantly decreased (P < 0 .05) for Diet 1 in contrast to all other 
treatments for periods ending on wk 10, 12, and 16 . Egg production 
was statistically similar (P > 0 .05) among birds fed Diets 2–8 for the 
entire trial . No statistical differences (P > 0 .05) in egg production or egg 
mass were observed between enzyme dose or products . Results from 
this trial show that the CEP is efficacious for increasing egg production 
and egg mass when supplemented to a highly P-deficient corn-soybean 
meal diet for laying hens .

Key Words: phytase, available P, laying hen

437P   Effect of microbial phytase on apparent ileal digestibility 
of amino acids: Meta-analysis approach. Maroua Zouaoui, Frédéric 
Guay, and Marie-Pierre Montminy*, Laval University, Quebec, QC, 
Canada.

Although majority of amino acid (AA) digestibility studies showed a 
positive effect of phytase, underlying mechanisms, interfering factors 
and equivalencies are not well-known . The objective of this study was 
to evaluate the effect of microbial phytase supplementation on AA 
apparent ileal digestibility (AID) in broilers taking into account main 
factors affecting AA digestibility, such as dietary AA, calcium (Ca), 
neutral detergent fiber (NDF) and phytic P (PP) through meta-analysis 
approach . Thirty-one articles published between 1997 and 2016 and 
including 198 experiments were included in our database . Multiple 
regression models were fitted with the GLM procedure of Minitab 
software with the fixed effect of the experiment. Models are accurate 
with R2 varying from 0 .76 for Ser to 0 .90 for Arg . Microbial phytase 

supplementation increases linearly (P < 0 .05) and quadratically (P < 
0 .05) AID of all essential AA . Dietary AA increased linearly their AID 
(P < 0 .05) except for Leu and Trp . Dietary PP affected negatively the 
AID of all essential AA (P < 0 .05) except Arg, Lys and Trp . However, 
when analysis was done with sub-database containing values of PP less 
than 0 .5% diet, PP has no effect on AA AID . No interactions between 
microbial phytase and other variables were found regardless of the 
databases . Based on these models, supplementation of 500 FTU/kg diet 
generates an improvement of all AA (Arg, 1 .3 ± 0 .2%; Lys, 1 .4 ± 0 .2%; 
Trp, 1 .7 ± 0 .7%; Val, 1 .7 ± 0 .4%; Ile, 1 .9 ± 0 .4%; Leu, 1 .9 ± 0 .3%; Phe, 
1 .9 ± 0 .3%; His, 2 ± 0 .4%; Asp, 2 ± 0 .4%; Ser, 2 .4 ± 0 .5%, and Thr, 2 .7 
± 0 .5%) . The highest effect of phytase on Thr, Ser and Asp and their 
high concentration in mucin and pepsin support the thesis that the deg-
radation of PP decreases secretion of these proteins . The current study 
showed that microbial phytase supplementation affected positively the 
AID of essential AA and this effect was not modified by other dietary 
components such as AA, Ca, fiber and PP. The current models allow 
quantifying the effect of microbial phytase on AA which is important 
to use phytase feed enzyme accurately in diet formulation .

Key Words: broiler, amino acid, apparent ileal digestibility, phytase, 
meta-analysis

438P   Phytase activity of mash and pelleted monogastric diets 
containing Allzyme SSF. Nicole Weidner2, Justin Combs3, Shane 
Carson4, Megan Scholer3, Kayla Price*1, Paul Groenewegen4, and 
Becky Timmons3, 1Alltech, Guelph, ON, Canada, 2Ontario Veteri-
nary College, Guelph, ON, Canada, 3Alltech Inc., Nicholasville, 
KY, 4Masterfeeds, London, ON, Canada.

The performance of monogastric production animals can be enhanced 
by pelleting the feed and the addition of enzymes such as phytase to 
feed . Many commercially available phytase enzymes are inactivated 
by high temperatures used during the pelleting process; however, the 
thermostability of phytase enzymes is multifactorial and varies between 
products . The objective of study was to determine if the phytase 
activity of monogastric diets with a commercially available enzyme 
supplement containing phytase (Allzyme SSF) was similar between 
mash and pelleted forms of the feed . Allzyme SSF is a commercially 
available enzyme containing phytase, derived from Aspergillus niger, 
that is produced through solid state fermentation . Allzyme SSF is used 
for livestock feeds . Feed was produced at 4 feed mills across Canada 
with different monogastric diets used at each location . Allzyme SSF 
was included in each feed at the recommended level of 200 g/tonne 
and feed was run through the pelleter in 2 tonne batches . Ten 250 g 
mash samples were collected before pelleting and 10 250 g pelleted 
samples were collected after pelleting . A composite of each of the 10 
samples was taken and analyzed for phytase activity using a colori-
metric assay . Samples were incubated with phytic acid then resulting 
phosphate concentrations were determined using a colorimetric reaction 
and phosphate concentrations were used to determine phytase activity . 
Statistic analyses were completed with SPSS . A Wilcoxon signed rank 
test was used to compare the phytase activity of the mash and pelleted 
feed . Mean phytase activity of mash was 3 .87 ± 0 .55 SPU/g . Mean 
phytase activity of pelleted feed was 3 .89 ± 0 .49 SPU/g . There was no 
significant difference in the phytase content of pelleted feed compared 
with mash (P = 0 .889) . Since measured phytase activity was similar in 
mash and pelleted forms of the feed, in this study Allzyme SSF was not 
impacted by pelleting temperatures .

Key Words: phytase, pelleting, thermostability, enzyme
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439P   Extra-phosphoric effect of phytase on broiler perfor-
mance from 1 to 42 days. Jomara Broch*1, Ricardo Nunes1, Cinthia 
Eyng1, Vitor Fascina2, Vaneila Savaris1, Jessica Damasceno1, Patricia 
Nesello1, and Mariana Lohmann1, 1Universidade Estadual do Oeste 
do Parana, Marechal Cândido Rondon, Paraná, Brazil, 2DSM, São 
Paulo, Brazil.

Diets for broilers are composed mainly of foods of plant origin, seeds 
or seed products contain around 60 to 80% of phosphorus in the form 
of phytate, which corresponds to the unavailable phosphorus of plants . 
In such circumstances, the exogenous enzymes may be beneficial, 
complementing those enzymes that are present in the digestive tract, 
at an effective level and / or providing the hydrolytic capacity which 
is totally absent . The main goal of this study was to evaluate the extra-
phosphoric effect of superdosing phytase on performance of broilers 
from 1 to 42 d old . Nine hundred twenty broiler chicks were assigned 
in a completed randomized design to 5 treatments (T1: positive control 
(PC) without phytase; T2: negative control (NC) (reduction of 0 .12% Ca 
and 0 .14% of Pavaiable); T3: NC + 1000 FYT/kg (RONOZYME HiPhos 
GT 100 ppm), T4: NC + 2000 FYT/kg (RONOZYME HiPhos GT 200 
ppm); T5: NC + 3000 FYT/kg RONOZYME HiPhos GT 300 ppm) . 
The variables analyzed were weight gain (WG), feed intake (FI) and 
feed:gain (FG) . The data were submitted to ANOVA to compare means 
by Tukey (P < 0 .05), and subsequent regression analysis excluding T1 
(0% phytase) . The WG showed a quadratic (P < 0 .05) response (WG = 
2417 .70+0 .226123*PHYTASE-0 .0000551180*PHYTASE2; R2 = 0 .52), 
estimating a value of 2650g of WG when using the level of 2051,3 FYT 
of phytase . The same occurred to FI (FI = 4224,78+0,221749*PHYTAS
E0,0000556494*PHYTASE2 (R2 = 0,32), estimating a value of 4445,67g 
of FI when using the level of 1992,4 FYT of phytase, and to FG (FG 
= 1,75649–0,000122340*PHYTASE+0,0000000291141*PHYTASE2 
(R2 = 0,52) estimating a value of 1,627 of FG when using the level of 
2101,04 FYT/kg . At 42 d of age, the phytase inclusion increased chicken 
performance remained similar to PC . The best phytase level from 1 to 
42 d of age is around 2000 FYT/kg of diet .

Key Words: exogenous enzyme, nutrition, performance, poultry, 
phosphor

440P   Addition of exogenous protease improves the weight gain 
of broiler chickens. Everton Krabbe*1, Edenilse Gopinger2, Diego 
Surek1, and Valdir Avila1, 1Brazilian Agricultural Research Cor-
poration-Embrapa Swine and Poultry, Concordia, Santa Catarina, 
Brazil, 2Animal Science, Postdoctoral Fellow at National Council 
for Scientific and Technological Development (CNPq), Concordia, 
Brazil.

Commercial enzymes (proteases) present chemical and efficiency 
characteristics according to their production method, it is important to 
know their efficiency and interaction with raw material composition 
used in the diets . The objective of this study was to evaluate the effect 
of a protease enzyme in broilers diets on performance . A total of 1170 
d-old Cobb 500 male chicks were used in floor pens containing new 
wood shavings as liter . Tubular feeders and nipple drinkers were used . 
Throughout the experimental period (1–21 d), the birds received ration 
and water ad libitum . The birds were distributed in a randomized block 
design according to the initial weight, with 3 treatments and 13 replica-
tions, totalizing 39 experimental units, each pen being an experimental 
unit with 30 birds . The protease enzyme was analyzed to contain 1 
000 000 CPU / kg . Treatments consisted of T1 - standard diet meeting 
bird nutritional requirements without enzyme, T2 – similar as T1 with 
addition of protease enzyme (125 g/ton top dress), and T3 - diet for-
mulated according nutritional adjustment as recommended by protease 

manufacturer (−25 kcal / kg of ME; −0.05% Threonine, −0.04% lysine, 
−0.05% methionine, −0.10% crude protein) with addition of the protease 
enzyme (125 g/ton) . All diets were pelleted and crumbled according to 
bird development phase: pre-starter (1 to 7 d) and starter (8 to 21 d) . 
Average body weight, daily weight gain, feed intake and feed conversion 
ratio were evaluated from 1 to 21 d of age . The data were submitted to 
ANOVA using SAS (2008) . The means comparisons were performed by 
the Tukey test at 5% significance level. There was no significant effect of 
the addition of the protease enzyme on feed intake and feed conversion 
ratio responses . However, it was observed that birds fed diets contain-
ing protease (top dress or following nutritional adjustments) presented 
higher average body weight and daily weight gain in comparison to 
birds fed the standard diet without enzyme .

Key Words: enzyme, weight gain, feed conversion, poultry

441P   Effect of a protease on performance and intestinal health 
of broiler chickens fed a standard diet or a low-density diet. Mari-
ana Lemos de Moraes*1, Kátia M . Cardinal2, Ines Andretta2, Eliza-
beth Santin3, Derek Detzler1, Ludovic Lahaye1, and Andrea Machado 
Leal Ribeiro2, 1Jefo Nutrition Inc., Porto Alegre, RS, Brazil, 2Federal 
University of Rio Grande do Sul, Porto Alegre, Brazil, 3Federal Uni-
versity of Paraná, Curitiba, Brazil.

We evaluated the effect of a protease when supplemented on top of a 
standard diet or with a low-density diet on the performance and intestinal 
health of broiler chickens . Male Cobb chicks (392; 1–42d) were reared 
in floor pens and allocated in a completely randomized design in a 2x2 
factorial with 7 replicates . There were 2 feed formulations: a standard 
diet (STD) based on the nutritional recommendations of the Brazilian 
Tables for Poultry and Swine (Rostagno et al ., 2011) and a low-density 
diet (LDD), with 6% reduction in crude protein and main digestible 
amino acids . The 2 diets were either supplemented (+P) or not (-P) 
with a protease (PoultryGrow 250 at 125 g/t) . The performance was 
evaluated by feeding period (1–7, 7–21, 21–35 and 35–42d) . At d 28, 
samples of ileum of one bird/replicate were analyzed by a morphometric 
index for histological alterations (I See Inside Scoring System - ISI) . 
There was no interaction between factors and no differences between 
the treatments were observed in the 1–7d period . In general, for all the 
other periods, birds fed the LDD-P were lighter and/or had poorer feed 
conversion ratio FCR when compared with all other treatments (P < 
0 .05) . However, the supplementation with the protease on the LDD 
was able to affect positively body weight gain (BWG) and FCR (P < 
0 .5) and to promote a performance similar to the birds fed the STD-P . 
At 42d, the birds on the STD+P were the heaviest (124g difference to 
STD-P, P = 0 . 1) and presented the same FCR of the STD-P and LDD+P 
groups while being 13 points lower (P < 0 .001) than the LDD-P group . 
Regarding the gut health analysis, the birds supplemented with the 
protease presented the best ISI morphological index (P = 0 .06) mainly 
as a result of the lower number of alterations regarding lamina propria 
and epithelial thickness and enterocytes proliferation . In conclusion, 
the protease tested improved performance and intestinal health indica-
tors of broiler chickens when supplemented on top of a standard diet 
or with a low-density diet .

Key Words: broiler chicken, intestinal heath, histology, performance, 
protease

442P   True content of digestible amino acids from different 
sources associated with exogenous enzymes for broilers at 7 
days of age. Bruno Fortes*1, Marcos Café2, José Henrique String-
hini2, Júlio César Carvalho3, Jerônimo Brito4, and Thony Carvalho5, 
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1Instituto Federal Goiano, Iporá, Goias, Brazil, 2Universidade 
Federal de Goiás, Goiânia, Goiás, Brazil, 3Cargill Animal Nutrition, 
Campinas, São Paulo, Brazil, 4Universidade Federal do Recôncavo 
Baiano, Cruz das Almas, Bahia, Brazil, 5Instituto Federal de Educa-
ção, Ciência e Tecnologia Goiano, Ceres, Goiás, Brazil.

The use of animal ingredients in broiler diets based on ideal protein 
concept, as an alternative to corn and soybean, becomes more efficient, 
as the highest cost of these diets comes from amino acid supply . In this 
way, an experiment was proposed to determine the true digestibility 
coefficients of amino acids of corn gluten meal (60%), soybean protein 
concentrate, bovine dried plasma and viscera meal . A total of 360 male 
day-old Cobb 500 chicks were randomly allotted in battery cages in a 
completely randomized design with 9 treatments and 5 replicates of 8 
birds each and adapted to experimental diets for 5 d . The pre-starter diets 
tested were: a control protein-free diet (DFP) and 8 diets with tested 
feedstuffs + DFP with and without the addition of enzymatic complex 
(AXTRA - 2000 U xylanase/kg, 200 U amylase/kg, and 4000 U protease/
kg) . After this period, all birds of each replicate were slaughtered to 
collect the ileum contents. The digestibility coefficient of essential and 
non-essential amino acids at 7 d of age were not significantly higher (P > 
0 .05), for the treatments with enzymatic complex . The true digestibility 
coefficient of essential amino acids was respectively for diets with or 
without the enzyme complex inclusion, 76 .71% and 78 .86% for corn 
gluten meal 60%; 95 .17% and 96 .92% for soybean protein concentrate; 
89 .95% and 91,69% for bovine dried plasma; 81 .20% and 83,54% for 
the viscera meal . The results for the non-essential amino acids showed 
that the true digestibility coefficients were respectively for diets with 
or without the enzyme complex inclusion 73 .64% and 75 .79%; 93 .78% 
and 96 .25%; 89 .59% and 91 .27%; 74 .66% and 78 .42%, for corn gluten 
meal 60%; soy protein concentrate; blood plasma and viscera meal . 
It is possible to conclude that the addition of xylanase, amylase and 
protease wasn`t effective in the digestibility of amino acids, regardless 
of the ingredients .

Key Words: bovine dried plasma, corn gluten meal (60%), enzy-
matic complex, soybean protein concentrate, viscera meal

443P   Content of true digestible amino acids in different 
protein sources associated with enzyme supplementation for 
broilers at 21 days of age. Bruno Fortes*1, Marcos Café2, José 
Henrique Stringhini2, Thony Carvalho3, Camila Meneghetti4, and 
Antonio Junior4, 1Instituto Federal de Educação, Ciência e Tecnolo-
gia Goiano, Iporá, Goias, Brazil, 2Universidade Federal de Goiás, 
Goiânia, Goiás, Brazil, 3Instituto Federal de Educação, Ciência e 
Tecnologia Goiano, Ceres, Goiás, Brazil, 4Universidade Estadual de 
Santa Cruz, Ilhéus, Bahia, Brazil.

Considering the same crude protein level, the amino acid content in 
general varies from 10 to 15% for vegetable protein sources and up 
to 25% for animal protein sources . The use of animal ingredients may 
result in low feed costs, especially with the adoption of the ideal protein 
concept, based on the availability of amino acids . In this way, an experi-
ment was conducted to determine the true digestibility coefficients of 
amino acids of corn gluten meal (60%), soybean protein concentrate, 
bovine dried plasma and viscera meal . A total of 270 male day-old Cobb 
500 chicks were randomly allotted in battery cages in a completely 
randomized design with 9 treatments and 5 replicates of 6 birds each 
and adapted to experimental diets for 5 d . The starter diets tested were: 
a control protein-free diet (DFP) and 8 diets with tested feedstuffs + 
DFP with and without the addition of enzymatic complex (AXTRA 
- 2000 U xylanase/kg, 200 U amylase/kg, and 4000 U protease/kg) . 
After this period, all birds of each replicate were slaughtered to collect 

the ileum contents . No difference (P > 0 .05) was observed for the true 
digestibility coefficient of essential and non-essential amino acids at 21 
d of age. The true digestibility coefficient of essential amino acids were 
respectively for diets with or without the enzyme complex inclusion, 
91 .03% and 93 .13% for corn gluten meal 60%; 94 .72% and 95 .12% 
for soybean protein concentrate; 94 .20% and 94 .71% for bovine dried 
plasma; 80 .84% and 82 .38% for the viscera meal . The results for the 
non-essential amino acids showed that the true digestibility coefficients 
were respectively for diets with or without the enzyme complex inclusion 
91 .06% and 93 .49%; 93 .08% and 93 .25%; 93 .75% and 95 .35%, 77 .35% 
and 80 .03%, for corn gluten meal 60%; soy protein concentrate; blood 
plasma and viscera meal . It is possible to conclude that the enzymatic 
complex AXTRA wasn`t effective in the digestibility of amino acids, 
regardless of the ingredients .

Key Words: amino acids, broilers, enzymatic complex, protein ingre-
dients, starter phase

444P   Effects of dietary protease on productive performance 
and egg quality in aged laying hens raised under hot climate 
conditions. Gi Ppeum Han*, Tae-Sung Yang, Do Yoon Koo, Ji Eun 
Shin, Franco Pitargue, and Dong Yong Kil, Chung-Ang University, 
Anseong, Gyeonggi-do, Korea.

This experiment was conducted to investigate the effect of dietary pro-
tease on productive performance and egg quality in aged laying hens 
raised under hot climatic conditions . A total of 240 82-week-old Hy-
Line Brown laying hens were used and allotted to 3 treatments with 8 
replicates in a completely randomized design . Each replicates consisted 
of 5 consecutive cages with 2 hens per cage . Three dietary treatments 
included (1) positive control diet containing 17% CP (PC), (2) negative 
control diet containing 15% CP (NC), and (3) NC diet supplemented 
with 0 .0125% protease (PT; PT125, Jefo Nutrition Inc ., Canada) . All 
hens had free access to the diet for 6 weeks and were provided with a 
16L:8D photoperiod . The average temperature and humidity were 26 .4 ± 
2 .6°C and 73 .1 ± 4 .2% during the experiment . Hen-day egg production, 
egg weight, and egg mass were recorded daily, whereas feed intake (FI) 
and feed conversion ratio (FCR) were recorded weekly . At the end of 
the experiment, 5 eggs per replicate were randomly collected to measure 
egg quality . All date were analyzed using the PROC Mixed procedure 
in SAS . The LSMEANS procedure was used to calculate treatment 
means and the PDIFF option was used to separate the means . Results 
indicated that hen-day egg production, egg mass, FI, and FCR were 
not affected by dietary treatments . However, egg weight was greater 
(P < 0 .05) for PC treatment (69 .8 g) than NC treatment (67 .9 g), but 
PT treatment had intermediate egg weight (68.7 g) with no significant 
difference as compared with PC and NC treatment groups . Egg qual-
ity, including eggshell strength, eggshell thickness, eggshell color, 
and haugh unit, was not affected by dietary treatments . However, egg 
yolk color for PC treatment was greater (P < 0 .05) than NC and PT 
treatment groups . In conclusion, the diet containing 15% CP decreases 
egg weight and egg yolk color, but addition of dietary protease partly 
compensates for egg weight reduction in aged laying hens raised under 
hot climatic conditions .

Key Words: aged laying hen, dietary protease, egg quality, perfor-
mance, hot climatic condition

445P   Effect of keratinase addition on starter diets containing 
trypsin inhibitors on the productive performance and intestinal 
health of broilers. Joice Schmidt, Heloisa Fialkowski Bordignon*, 
Adrieli Braga de Cristo, Alexandra Silva, Jonas Rodrigo Layter, and 
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Jovanir Ines Muller Fernandes, Federal University of Parana-Brazil, 
Palotina, Parana, Brazil.

Protease inhibitors are capable of complexing with endogenous pro-
teolytic enzymes, blocking its activity and impairing the digestion 
of diet proteins . The addition of keratinase may represent a tool with 
great potential for inactivation of the anti-nutritional factors present 
in soybean meal . Microbial keratinases have the ability to degrade 
resistant proteins, which have cysteine disulfide bonds as the protease 
inhibitors . The aim was to evaluate the effect of keratinase addition on 
diets containing trypsin inhibitors on the productive performance and 
intestinal health of broilers from 1 to 21 d of age . One thousand two 
hundred eighty male chicks were distributed in a design of 2 × 2 factorial 
scheme (with and without raw soybean replacing deactivated soybean 
X with and without keratinase) . Raw soybean or deactivated soybean 
inclusion was 2% . The protease was added in the diets at a dose of 
250 g/ton . Samples of deactivated and raw soybean and soybean meal 
were analyzed . The calculated values of trypsin inhibitors and urease, 
considering the soybean meal mixture (soybean meal + deactivated 
soybean) were 4 .29 mg/g and 0 .02 pH units, respectively and for the 

soybean meal mixture (soybean meal + raw soybean) were 5 .39 mg/g 
and 0 .15 pH units, respectively . At 21 d of age, fragments of duodenum, 
jejunum and ileum were collected for histomorphometry and goblet 
cell counting . At this age, it was also performed the macroscopic and 
microscopic evaluation of the ileum through the morphometric index 
“I See Inside” (ISI) and then compared with the Kruskal–Wallis test. 
In the first week, the protease supplementation showed higher (P < 
0 .05) weight gain and the raw soybean addition worst (P < 0 .05) feed 
conversion ratio . Birds that received the diet with raw soybean showed 
lower (P < 0 .05) V:C ratio and higher (P < 0 .05) number of crypts per 
villi . Besides, the association of deactivated soybean and the keratinase 
resulted in a lower (P < 0 .05) absorption area . For intestinal evalua-
tion, the inclusion of raw soybean showed higher inflammation of the 
ileum . However, the use of keratinase provided a decrease of the ISI 
scores at 21 d, improving intestinal quality . The enzyme improved the 
productive performance at 7 d of age and the intestinal integrity in the 
early stage as well .

Key Words: feed conversion ratio, histomorphometry, keratinase, 
protease inhibitors, soybean meal
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446P   Meta-analysis of performance variables of broilers 
fed diets containing organic acids as alternative to antibiotics. 
Gustavo Polycarpo*1, Ines Andretta2, Marcos Kipper2, Julio Dadalt3, 
Gabriela Ventura1, Paulo Henrique Rodrigues3, Valquíria Cruz-Poly-
carpo1, and Ricardo de Albuquerque3, 1São Paulo State University 
(Unesp), Dracena, São Paulo, Brazil, 2Federal University of Rio 
Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil, 3University 
of São Paulo (USP), Pirassununga, São Paulo, Brazil.

A meta-analysis was undertaken to evaluate organic acids as alterna-
tive to antibiotics in diets of broiler chickens . The search strategy for 
selection articles was to consult various online data sources with key 
words in four languages: English, Spanish, French and Portuguese . 
The data filtering was done in pairs. The main criteria for selection 
were: a) in vivo experiments with organic acid supplementation for 
broilers, b) evaluation of performance variables, c) no antibiotic or 
anticoccidial in the diets (except for the antibiotic treatments), and 
d) no combinations of organic acids with other additives . Besides, 
some articles were excluded due to methodological failures . Inclu-
sions over 4% of organic acids in the diets were not considered . At 
the end of searches and filtering, 121 articles published between 
1991 and 2016 were used . A control group without additives and 
two other groups with organic acids or antibiotics were studied in 
the absence or presence of microbial conditions (challenge) . Mixed 
procedures were used in the statistical analysis with study (experi-
ments) as random effect. The age of the birds presented significant 
effect as covariable in all studied responses (P < 0 .01) . The variance-
covariance analysis reveled a significant effect of additives on ADG 
(P < 0 .01), without interactions with challenge (P > 0 .05) . Organic 
acids had no effect on ADG (44 .7g vs 45 .7g, P > 0 .05); nonetheless, 
the birds fed diets with antibiotics showed an increase in this variable 
(44 .7g vs 48 .5g, P < 0.01). ADFI was not influenced by the factors 
(P > 0 .05), which can be explained by a single equation according to 
the age: ADFI = − 13.39 + 5.868 × age – 0.0345 × age2 (P < 0 .01 for 
all parameter estimates) . The additives presented an interaction with 
challenge on feed:gain ratio (P < 0 .01) . Under challenge, the organic 
acids improved the feed:gain (1 .94 vs 1 .83, P < 0 .05), but had not the 
same effect of the antibiotics (1 .83 vs 1 .68, P = 0 .01) . In conclusion, 
the replacement of antibiotics by organic acids impairs the ADG; 
however, the organic acids present some improvement on feed:gain 
of broilers raised with microbial challenge .

Key Words: acidifier, alternative additive, meta-regression, microbial 
challenge, quantitative review

447P   Growth performance and nutrient retention in broiler 
chickens fed corn-soybean meal diets without or with exogenous 
epidermal growth factor upon challenge with Eimeria. Emily 
Kim*, Haley Leung, John Barta, Julang Li, and Elijah Kiarie, Univer-
sity of Guelph, Guelph, ON, Canada.

Eimeria species, the causative agents of coccidiosis accounts for major 
economic losses in commercial poultry rearing due to increased mortality 
and morbidity linked to impaired nutrient digestion and absorption and 
secondary bacterial infections . Epidermal growth factor (EGF), a mito-
genic and anti-apoptotic protein that elicits a broad range of bioactivities 
was assesed for its effect on growth performance and apparent nutrient 
retention (AR) in broilers challenged with Eimeria . A total of 216 d old 
male chicks (Ross 708) were placed in cages (6 birds/cage) based on BW 

and allocated to 3 treatments to give 12 replicates per treatment . The 
treatments were: 1) control, 2) 80 µg of EGF/kg body weight (BW)/d and 
160 µg of EGF/kg BW/d . The EGF was a fermentation product derived 
from genetically modified Lactobacillus lactis production system and 
was added to a basal corn-soybean diet formulated to meet nutrient speci-
fications. The diets did not contain antibiotic or anticoccidial and TiO2 
was used as a digestibility marker . The absolute amount of EGF allo-
cated to each bird was determined daily based on the expected breeder’s 
growth curve . Birds were offered fresh feed mixed with respective EGF 
treatment (fermentation media without EGF for the control) daily and 
had free access to drinking water for 14 d . On d 5, birds (6 replicates 
per treatment) were challenged with 1 mL of Eimeria culture (25,000 
E. acervulina and 5,000 E. maxima) via oral gavage and the other 6 
replicates were given sham . Growth performance was measured during 
pre- (d 0–5) and post- (d 6–14) challenge periods . Excreta samples for 
AR of DM and fat were collected from d 10–13 . The EGF linearly (P 
< 0.05) increased BWG in the pre-challenge period, specifically birds 
fed high EGF dose had 9% higher BWG than the control . However, 
EGF did not affect (P > 0 .05) feed intake and FCR pre-challenge . There 
was no EGF and Eimeria interaction (P > 0 .05) on growth performance 
and AR; the main effects were such that Eimeria challenged birds had 
depressed (P < 0 .01) BWG (179 vs . 289 g), feed intake (464 vs . 585 g), 
FCR (2.72 vs. 2.07) and AR of DM (58.3 vs. 74.0%) and fat (−12.6 vs. 
81 .8%) relative to non-challenged birds . Exogenous EGF, did not affect 
(P > 0 .05) growth performance or AR post-challenge . In conclusion, 
Eimeria challenge reduced growth performance and impaired nutrient 
retention; EGF showed beneficial effects on pre-challenge growth but 
did not attenuate negative effects of Eimeria .

Key Words: broiler chicken, epidermal growth factor, growth perfor-
mance, nutrient retention, Eimeria

448P   Dietary thymol in quail: Dose-dependent effects on total 
fatty acid profile of egg yolk during supplementation and after its 
discontinuation. Maria Fernandez, Raul Marin*, Florencia Rodri-
guez, Jackelyn Kembro, and María Labaque, Instituto de Investiga-
ciones Biológicas y Tecnológicas (CONICET-UNC); Instituto de 
Ciencia y Tecnología de los Alimentos, Facultad de Ciencias Exactas, 
Físicas y Naturales, Universidad Nacional de Córdoba, Córdoba, 
Córdoba, Argentina.

Phytogenic feed additives such as thymol may result in major improve-
ments in modern intensive poultry production due to their antioxidant 
properties and beneficial influence on lipid metabolism, performance, 
health and welfare issues . However, there are still questions concern-
ing dynamics of their biological action, optimal dosage and period of 
supplementation needed to achieve meaningful effects as well as per-
sistence of induced changes after discontinuation of supplementation . 
Herein, we focused on changes induced along 28d of thymol dietary 
supplementation in quail egg yolk total fatty acid profile. Furthermore, 
we evaluated whether those effects remain apparent in the mid-term 
(21d) after discontinuation of supplementation . Fifty adult female quail 
(Coturnix japonica) were randomly assigned to 1 of 5 dietary treatments 
as follows: CON (basal diet), VEH (basal diet plus ethanol); THY80, 
160 and 250 (basal diet supplemented with 2, 4, 6 .25g of thymol per 
kg of supplemented feed, respectively) . Eggs were sampled at 0, 7, 14, 
and 28 d (d) of supplementation and after 21d of treatment discontinu-
ation . Methyl esters of total fatty acids of the yolk (FA) were analyzed 
by GC-MS . GLMMs and Fisher tests were used to detect differences 
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at P < 0 .05 . THY80 required 28d of supplementation to reduce the 
SFA (summation of saturated FA), while THY160 and THY250 only 
needed 14d for a reduction of similar or greater magnitude, respectively . 
However, after 21d of cessation of supplementation the aforementioned 
effect disappeared in THY80 but not in THY160 and THY250 . While 
THY80 failed to increase PUFA (summation of polyunsaturated FA) 
along supplementation, THY160 and THY250 increased PUFA by d 
14 of supplementation and remained increased after 21d of supplement 
discontinuation . FA changes induced by THY along the supplementa-
tion period are consistent with an improved nutritional quality of eggs . 
Findings suggest a thymol effect depending on both the dose and dura-
tion of the supplementation treatment . Furthermore, the persistence of 
those effects after supplement discontinuation is also consistent with a 
dose-dependent phenomena .

Key Words: thymol supplementation, feed additives, PUFA, healthy 
eggs

449P   Modification of egg yolk fatty acids profile by using 
dietary linseed oil and grape pomace. Sylwia Sobolewska2, Janusz 
Orda2, Bogdan Jarosz2, Stanislaw Graczyk2, Jacek Majda3, Stephen 
Rose1, and Vasil Pirgozliev*1, 1Harper Adams University, Newport, 
United Kingdom, 2Wroclaw University of Environmental and Life Sci-
ences, Wroclaw, Poland, 34th Military Hospital, Wroclaw, Poland.

The study investigated the effect of linseed oil (LO) and grape pomace 
(GP) on the fatty acid profile of egg yolk lipids of laying quails (Coturnix 
coturnix japonica) . One hundred and sixty female quails were reared 
in 20 cages (8 birds in a cage) from 5 to 15 weeks of age . The birds 
were randomly allocated into 4 dietary treatments: control (1), control 
+ 20 g/kg GP (2), control + 20 g/kg LO (3), control + 20 g/kg GP + 20 
g/kg LO (4) . The diets were isoenergetic and isonitrogenic . The fatty 
acid composition of egg yolks was analyzed by gas chromatography . 
Differences between treatment means were evaluated using ANOVA . 
Feeding LO increased (P < 0.001) the level of α-linolenic acid (ALA, 
C18:3 ω-3) 10-fold and reduced (P < 0 .001) linoleic acid (LA, C18:2 
ω-6), γ-linolenic acid (C18:3 ω-6) and arachidonic acid (AA, C20:4), 
by 13, 30 and 40%, respectively . Feeding GP increased (P < 0 .001) the 
level of ALA in egg yolk by almost 35% . Birds fed LO laid eggs with 
a higher content of C14:1 (P < 0 .05), and C16:1 (P < 0 .01) and a lower 
(P < 0 .01) content of C20:1 and C22:1 . Contents of oleic acid (C18:1 
cis) and elaidic acid (C18:1 trans) in yolk were not affected (P > 0 .05) 
by dietary LO . However, dietary GP reduced (P < 0 .05) the levels of 
C18:1 cis and C18:1 trans in yolk . Dietary LO decreased (P < 0 .001) 
levels of C20:0 and C23:0 . Neither LO nor GP was able to affect satu-
rated fatty acids level in egg yolk . The results showed that feeding LO 
and GP together further reduced LA and AA contents, but increased the 
amount of ALA and eicosatrienoic acid (C20:3 ω-3) compared with their 
single addition . It can be concluded that feeding LO and GP to quails 
increases the content of ω-3 fatty acids and lowers the content of ω-6 
fatty acids in egg yolk .

Key Words: grape pomace, ω-3 fatty acids, linseed oil, Japanese 
quail, egg

450P   Effect of selected commercial feed additives on growth 
performance and blood parameters in broiler exposed to Sal-
monella challenge. Alaeldein Abudabos*, King Saud University, 
Riyadh, Saudi Arabia.

There is a growing concern over the use of antibiotics due to the 
increased resistance of pathogens in broiler . The present study was 

designed to find the comparative effect of an antibiotic and some selected 
commercial feed additives on performance traits and blood biochemical 
parameters of broilers exposed to Salmonella typhimurium challenge 
during the period from 1 to 30 d . A total of 288-d-old male broilers (Ross 
308) were used in a completely randomized design, with 6 treatments, 
each in an 8 replicates, and 6 chickens per cage as an experimental 
unit . Dietary treatments contain a control (basal diet); T1, infected with 
Salmonellaenterica ssp . typhimurium; T2, infected + avilamycin; T3, 
infected + phytogenic (Sangrovit Extra); T4: infected + bacillus blend; 
and T5, infected + citrus extract (Nor-spice AB) . Accumulative feed 
intake was significantly (P < 0 .01) high in the control group at 30 d and 
similar to T3 (P < 0 .01) . Body weight gain and feed conversion ratio 
(FCR) were the best for the control group (P < 0 .001) . The European 
production efficiency factor (EPEF) was the highest for the control (P < 
0 .001) which was not different form T3 . Chicks received T3 consumed 
numerically more feed and had better FCR when compared with T2 (P 
> 0 .05) . On the other hand, the worst performance was associated with 
T1 . At 25 d, blood albumin, globulin, cholesterol and triglycerides were 
not affected by treatment (P > 0 .05) . Glucose concentration increased 
significantly (P < 0 .05) in birds of control, T2, T4 and T5 (P < 0 .05) . 
Blood ALT concentration decreased significantly in T3 and T4 (P < 
0 .01) . From the results of the present study, it was concluded that chicks 
that were exposed to S . typhimurium challenge and received Sangrovit 
Extra had similar performance to that of the antibiotic .

Key Words: phytogenic, antibiotic, citrus extract, Salmonella

451P   Productive and economic effects of withdrawing growth-
promoting antibiotics on Brazilian broiler production. Paula 
Gabriela Pires*, Kátia M . Cardinal, Marcos Kipper, Ines Andretta, 
and Andrea Ribeiro, Universidade Federal do Rio Grande do Sul, 
Porto Alegre, RS, Brazil.

This study was developed to quantify the impacts of the growth-pro-
moting antibiotics (GPA) on broiler performance using meta-analysis, 
and to propose a model that estimates the effects of withdrawing GPA 
would represent on the broiler production costs in the Brazilian scenario . 
A database was constructed with information collected in 150 articles 
(157 experiments, 108,882 broilers, publicized from 1990 to 2016) that 
tested the effects of GPA on poultry performance (from 1 to 42 d old) . 
Codes were used to consider the study effect in the analytical models 
and to classify the treatments for the presence (GPA+) or absence (GPA-) 
of GPA in the feeds . Only GPA permitted by the Brazilian government 
were considered and the most frequent in the database were: avilamycin 
(42% of GPA+ treatments), flavomycin (20%), bacitracin (15%), and 
virginiamycin (15%) . Variance-analysis (GLM procedure) was used to 
compare the treatments . The model to estimate the economic impact 
of GPA withdraw was proposed, considering the results obtained in the 
meta-analysis and the following scenario obtained from local industry in 
January, 2016: average feed cost without GPA: $ 290/ton; GPA inclusion 
cost: $ 0.60/ton of feed; annual slaughter: 5.496 trillion heads; weight 
gain until slaughter: 2 .15 kg; target feed conversion (GPA+) from 1 
to 42 d: 1 .80 kg/kg . Negative impact of GPA withdrawing on broilers 
performance was observed in most treatments of the database . There was 
a negative variation in weight gain in 78% of the comparisons between 
GPA+ and GPA- treatments . Likewise, increase in feed conversion ratio 
was observed in 80% of comparisons between treatments . Meta-analysis 
results indicated that feed intake did not differ (P > 0 .05) between GPA+ 
and GPA- treatments . However, animals fed GPA- diets showed 1 .91% 
lower weight gain (P < 0 .05) and 3 .65% worse feed conversion (P < 
0 .01) compared with APC+ treatments . In the simulated scenario, the 
GPA withdrawing from broiler diets resulted in $ 213 million of annual 
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losses . The results obtained by the meta-analytical study demonstrate 
negative impact of GPA removal on broiler weight gain and feed con-
version and, consequently, a significant increase in production costs.

Key Words: feeding, nutrition, performance, poultry

452P   Effects of extrusion on the stability of DHA in micro-
algae. Tuoying Ao*, Alex Tsappis, Lizza Macalintal, Anthony 
Pescatore, Sasha Tozzi, Phyllis Glenney, Michael Ford, and Karl 
Dawson, Alltech-University of Kentucky Nutrition Research Alliance, 
Lexington, KY.

Extrusion is a commonly used process that is beneficial for digestibility 
and pathogen control of feedstuffs . However, it can lead to oxidation and 
degradation of essential nutrients such as vitamins and essential fatty 
acids . To investigate the effects of extrusion on the stability of DHA in 
microalgae by comparing the bioavailability of DHA in laying hen diets, 
the DHA rich microalgae (CCAP 4087/2; FORPLUS, Alltech Inc .) was 
extruded and supplemented in the diets . The treatments consisted of 
feeding a corn-soybean meal mash control diet alone or supplemented 
with either 0 .5% FORPLUS in its original meal form or after the extru-
sion process . Six replicate groups of 12 Hy-Line brown laying hens 
(38-wk-old) were assigned to each of 3 dietary treatments and were fed 
the dietary treatments for a 20-wk production period . Fatty acid content 
of egg yolk was analyzed after feeding the treatment diets for 8, 12, 16 
and 20 wk . The feed intake, HDP (%), body weight, egg and yolk weight 
were not affected by dietary treatments . Comparing with the control, 
the DHA concentration in the egg was equally increased (P < 0 .01) by 
adding original or extruded FORPLUS in the diet . The average values 
for DHA concentration were 78, 168 and 169 mg/100 g egg from hens 
fed the control diet, + 0 .5% FORPLUS as original meal and + 0 .5% 
FORPLUS as extruded form, respectively . The results from this trial 
indicated that extrusion had no destructive effect on the bioavailability 
of DHA in microalgae .

Key Words: extrusion, microalgae, egg DHA

453P   Performance of laying hens fed different levels of 
shiitake (Lentinula edodes) residue. Raimundo Ferreira Netto*, 
Leonardo Zanetti, Guilherme Pasquali, Daniele Souza, Everton Muro, 
Tatiane Santos, Livia Dornelas, Armando Contin Neto, Julianna 
Batistioli, Juliana Denadai, and Jose Sartori, São Paulo State Univer-
sity (UNESP), Botucatu, São Paulo, Brazil.

Shiitake (Lentinula edodes) is the second most produced mushroom 
in the world with an estimated production of 5 thousand tons per year 
in Brazil . There are no studies concerning the inclusion of shiitake 
residues (stems and fruiting body) in animal nutrition . This residue has 
similar composition and bioactive compounds like shiitake marketed 
for human consumption . The mushrooms are source of prebiotics like 
non-starch polysaccharides with therapeutic activities, such as anti-
carcinogenic, anti-inflammatory and antibiotic. In addition, shiitake 
has a high nutritional value containing vitamins B1, B2, B12, C, D, 
folate, niacin and minerals (3 .7 to 7 .0%) . The objective of this study 
was to evaluate the effects of different shiitake residue levels inclusion 
on productive performance of brown-egg laying hens . A total of 192 
Lohmman Brown hens were housed in cages from 60 to 72 weeks old . 
A 16-h light program was used . The laying hens received water and 
food ad libitum . The experimental design was completely randomized, 
with 4 dietary treatments (control, 1 .0, 1 .5 and 2 .0% of shiitake residue 
meal) with 6 replicate cages of 8 birds each . The parameters evaluated 
were: feed intake (per cycle), egg production rate and feed conver-

sion per dozen of eggs . Data were collected in 3 4-week periods and 
analyzed by GLM procedure of Minitab 17 . According to the results, 
different levels of shiitake residue in laying hens diets did not affect the 
performance parameters (P > 0 .05) . The egg production rate was not 
affected by increasing levels of shiitake residue . There was no effect of 
shiitake residue on feed intake and feed conversion per dozen of eggs . 
Our results suggest that shiitake residue can be included up to 2% in 
laying hens diets without impairment of performance .

Key Words: brown-egg layer, feed additive, layer, mushroom, shii-
take by-product

454P   Bacillus subtilis DSM 32315 improves performance 
of broiler chickens under necrotic enteritis challenge. Juliano 
Cesar De Paula Dorigam*1, Rose Whelan1, Kiran Doranalli1, and 
Saksit Sringongkote2, 1Evonik Nutrition & Care GmbH, Hanau, 
Germany, 2Animal Research and Consultant Co. Ltd, Samutprakan, 
Thailand.

Necrotic enteritis (NE) is a disease caused by the overgrowth of Clos-
tridium perfringens in the small intestine, which causes great economical 
losses to the poultry industry every year . However, direct fed microbial 
(DFM) can be one effective strategy in preventing NE . Thus, the aim 
of this trial was to evaluate the effects of Bacillus subtilis DSM 32315 
compared with antibiotic growth promoter (AGP) on broiler’s perfor-
mance under NE challenge . A total of 288 Ross 308 male day-old chicks 
were randomly assigned to 3 treatments with 8 replicates of 12 birds/
pen . Corn-soybean meal-DDGS basal diets were formulated to meet 
nutritional recommendations for starter (1–21 d) and grower (22–35 
d) phases . The treatments were: 1) Control (no additive), 2) Control + 
20 g/MT of zinc bacitracin (ZnB) as AGP, and 3) Control + 500 g/MT 
(106 cfu/g feed) of B. subtilis DSM 32315 (DFM) . The NE challenge 
was induced by oral inoculation with 104 sporulated oocytes of Eimeria 
tenella, Eimeria maxima and Eimeria acervulina on d 9 and inocula-
tions with 3 × 109 cfu of Clostridium perfringens on d 14, 15 and 16 . 
Body weight (BW), feed intake (FI), feed conversion ratio (FCR), and 
FCR adjusted for mortalities (aFCR) were recorded . One bird/pen was 
sacrificed at 21 and 35 d for intestinal lesion scoring (0–4 scale). On d 35 
digesta from duodenum, ileum and cecum was collected from one bird/
pen for bacterial count. Throughout feeding period, DFM significantly 
(P < 0 .05) improved aFCR (1 .333 vs . 1 .367) compared with the control 
group . Overall, the performance of DFM group was statistically similar 
to the AGP group (P > 0.05). No significant differences were observed 
among treatments for lesion scores in either phase (P > 0 .05) . At 35 d, 
inclusion of DFM significantly reduced (P < 0 .05) Clostridium perfrin-
gens in duodenum (0 .7 vs . 1 .8 Log10 cfu/g), ileum (0 .7 vs . 1 .8 Log10 
cfu/g) and cecum (2 .5 vs . 3 .8 Log10 cfu/g) compared with the control . 
In conclusion, results of the study support the hypothesis that Bacillus 
subtilis DSM 32315 inhibits the growth of Clostridium perfringens in 
the intestine of broiler chickens, thus preventing the onset of NE and 
associated detriments to the growth performance .

Key Words: Clostridium perfringens, direct-fed microbial, necrotic 
enteritis, performance, antibiotic

455P   Effects of dietary supplementation of betaine on tight 
junction-related gene expression in the jejunal mucosa of laying 
hens raised under hot climate conditions. Ji Eun Shin*, Gi Ppeum 
Han, Franco Pitargue, and Dong Yong Kil, Chung-Ang University, 
Anseong, Gyeonggi-do, Korea.
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The objective of this experiment was to investigate the effect of dietary 
supplementation of betaine on tight junction-related gene expression in 
the jejunal mucosa of laying hens raised under hot climatic conditions . 
A total of 216 Hy-Line Brown laying hens (32 weeks of age) were 
allotted to 1 of 3 dietary treatments with 6 replicates in a completely 
randomized design . Each replicate consisted of 12 hens . The basal diet 
was prepared, and 0 .3 or 0 .6% betaine was supplemented to the basal 
diet . Diets were fed to hens for 6 weeks . Hens were raised during the 
end of July to the middle of September in South Korea . Average daily 
room temperature and relative humidity during the experiment were 
25 .8 ± 2 .04°C and 74 .8 ± 7 .34%, respectively . At the conclusion of 
experiment, 2 birds per replicate with a body weight similar to the 
replicate mean body weight (12 birds per treatment) was euthanized . 
Total RNA samples were obtained from the jejunal mucosa of laying 
hens . Tight junction-related gene expressions for occludin (OCC), clau-
din-1 (CLDN-1), zonula occludens-1 (ZO-1), and junctional adhesion 
molecules-2 (JAM-2) were measured using quantitative PCR . Results 
indicated that gene expressions for OCC were increased (linear, P < 
0 .05), whereas gene expressions for ZO-1 were decreased (linear, P 
< 0 .05) with increasing supplementation of betaine in diets . The gene 
expressions for OCC were greater (P < 0 .05) for hens fed diets contain-
ing 0 .3% or 0 .6% than for those fed the control diets . However, gene 
expressions for ZO-1 were less (P < 0 .05) for hens fed diets containing 
0 .3% or 0 .6% than for those fed the control diets . The gene expres-
sions for CLDN-1 and JAM-2 were not affected by dietary treatments . 
In conclusion, dietary supplementation of betaine modifies some tight 
junction-related gene expressions in the jejunal mucosa of laying hens 
raised under hot climatic conditions . However, expression patterns for 
tight junction-related genes as affected by dietary supplementation of 
betaine are inconsistent .

Key Words: betaine, gene expression, hot climatic condition, laying 
hen, tight junction

456P   Effects of dietary bee venom on growth performance, 
meat quality, serum parameters, intestinal morphology and cecal 
volatile fatty acid concentration in broiler chickens. Da-Hye 
Kim*1, Sang-Mi Han2, Moung-Cheul Keum1, Sang Lee1, Byoung-Ki 
An1, and Kyung-Woo Lee1, 1Konkuk University, Seoul, Korea, 2Rural 
Development Administration, Jeonju, Korea.

Bee venom which is a complex mixture of protein and peptide has 
long history of use in human medicine due to its anti-inflammatory and 
antimicrobial activities . The present study was designed to evaluate 
purified bee venom as an alternative to antibiotics in broiler chickens. 
A total of 700 feather-sexed male broiler chicks were allocated to 4 
treatments with 7 replicates (25 birds per replicate) and reared for 35 
d . A corn-soybean meal-based diet was used as the control diet and the 
experimental diets were formulated by adding bee venom into the basal 
diet to reach 10, 50, and 100 μg bee venom per kg of diet. Dietary bee 
venom did not affect feed intake at all ages . However, feed conversion 
ratio and body weight gain linearly (P < 0 .05) improved at 0–21 d and 
0–35 d as level of bee venom in diet increased . Breast meat yield relative 
to body weight linearly (P < 0 .05) increased at 21 d with the increasing 
level of bee venom in diets . Increasing dietary bee venom linearly (P < 
0 .05) decreased relative spleen and bursa weights . Serum parameters 
except for the activity of aspartate aminotransferase were not altered 
by dietary bee venom at 35 d . Aspartate aminotransferase linearly (P < 
0 .05) decreased at 35 d with the increasing level of bee venom in diets . 
Dietary bee venom quadratically (P < 0 .05) declined the serum nitric 
oxide concentration at 35 d as level of bee venom increased in diets . 
On the other hand, dietary bee venom failed to affect ileal secretory 

immunoglobulin A concentration and intestinal morphology . Among 
the cecal volatile fatty acids, branched-chain fatty acid concentration 
was quadratically (P < 0 .01) increased as the bee venom level in diet 
increased at 21 d . Our study indicates that dietary bee venom can be 
used as a feed additive for broiler chickens as manifested by bee venom-
induced enhancement in growth performance and breast meat yields .

Key Words: bee venom, growth performance, immune response, 
meat quality, broiler chicken

457P   Prebiotics used in combination can replace performance 
enhancer antibiotics in broiler diets. Everton Muro*1, Antonio 
Pezzato1, Fabiana Luiggi2, Jose Sartori1, Javer Vieira Filho1, Guil-
herme Pasquali1, Tatiane Santos1, Juliana Denadai1, Daniele Souza1, 
Leonardo Zanetti1, Raimundo Ferreira Netto1, and Livia Dornelas1, 
1School of Veterinary Medicine and Animal Science, Sao Paulo State 
University, Botucatu, Brazil, 2YES - YesSinergy do Brasil, Campinas, 
Brazil.

Facing the prohibition of performance enhancer antibiotics (PEA) in 
broiler chicken production worldwide, there is a growing need for 
safe and optimal substitutes that could maintain the current levels of 
productivity . Functional molecules as prebiotics are heading researches 
in this field of animal nutrition. Thus, this study aimed to evaluate 
the performance of broilers fed prebiotics combinations in substitu-
tion to PEA [GLUCAN MOS (GM), an industrial blend of β-glucans 
and mannan-oligosaccharides combined with different proportions of 
fructo-oligosaccharide (FOS) and galacto-oligosaccharide (GOS)] . A 
total of 1,250 male day-old chicks were allotted to 5 treatments with 10 
replications each in a completely randomized design: control diet (CD) 
without PEA and prebiotics; CD+PEA (avilamicyn, 10ppm); CD+GM; 
CD+GM+FOS:GOS (1:9 proportion, respectively); CD+GM+FOS:GOS 
(3:7 proportion, respectively) . All prebiotics combinations were added 
at 0 .2% inclusion level . All data collected were analyzed by GLM 
procedure of Minitab 17 . At 14, 21, 28 and 35 d of age, prebiotics com-
binations could maintain similar bird’s performance to PEA treatment 
(live weight, average daily gain and feed conversion rate; P = 0 .0027, 
P = 0 .0027 and P = 0 .0002, respectively) . At 42 d of age, there were no 
significant differences (P = 0 .1739) among treatments in weight gain, 
but feed conversion rate remained lower in prebiotics treatments as PEA 
diet and superior to CD (P = 0 .0113) . No differences in feed consump-
tion (P = 0 .9747) and viability (P = 0 .8946) were found, as well as in 
production index (P = 0 .1623) at 42 d of age . Our results suggest that 
blends of prebiotics can satisfactorily replace and be recommended as 
antibiotics substitutes without impairment in chicken’s performance .

Key Words: functional molecules, prebiotics, product blend, perfor-
mance, antibiotics

458P   Surface response for broilers fed diets challenged with 
natural aflatoxins, fumonisins and T-2 toxin. Daniel A . Miranda*1, 
Maxime Hilbert2, Alessandro Belucio1, Don Giesting3, and 
Alvaro Dubois1, 1Cargill Animal Nutrition, Campinas, São Paulo, 
Brazil, 2Cargill Animal Nutrition, Paris, France, 3Cargill Animal 
Nutrition, Hopkins, MN.

The objective of this study was to build a surface response curve for 
broilers fed diets challenged with naturally produced aflatoxin, fumoni-
sin and T-2 toxin and supplemented with an anti-mycotoxin additive 
(AMA) based on montmorillonite, clinoptilolite and activated charcoal 
of babassu coconut from 1 to 21 d . A total of 640 one-day-old slow 
feathering Cobb male broiler chicks were placed on 64 metal cages . 
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Treatments were defined by levels of a blend of mycotoxin (aflatoxins: 
0–1 .4 ppm; fumonisins: 0–50 ppm; and T-2 toxin: 0–0 .75 ppm) and AMA 
(Notox Poultry) ranging from 0 to 2 .5 kg/mT using central composite 
rotatable design . All ingredients were analyzed for mycotoxins before 
trial and mycotoxins were not detected . Mycotoxins were kept in the 
same proportion of inclusion among them . A completely randomized 
design was used . Data were analyzed using PROC RSREG surface 
model methodology of SAS (P < 0 .05) . The pure error was obtained 
by the LACKFIT option . Growth performance data of broilers fed diets 
challenged with mycotoxins and supplemented with different doses of 
Notox Poultry and mycotoxins was used to build the surface response 
curves . The equations were built based on fumonisins challenge values . 
Regression models were statistically significant (P < 0 .01) for body 
weight (BW), feed intake (FI) and feed conversion ratio (FCR) at 21 d . 
The BW was negatively (P < 0.01) affected by the aflatoxins, fumoni-
sins and T-2 toxin challenge, while the Notox Poultry supplementation 
reduced the deleterious effects of mycotoxins in this measurement (P 
< 0 .01) . However, in high levels of mycotoxin challenge (1 .4 ppm 
aflatoxins + 50 ppm fumonisins + 0.75 ppm T-2 toxin) the isoquants 
curves become parallels to the AMA inclusion rate axis .This means that 
the inclusion of AMA does not reduce the mycotoxin effects on body 
weight of broilers . The supplementation with 1 .5 kg/mT of Notox Poultry 
can fully recover the deleterious effects of mycotoxin challenge with at 
least 0.34 ppm of aflatoxins + 12 ppm of fumonisins + 0.18 ppm of T-2 
toxin . In this contamination, FI and FCR was negatively affected by the 
mycotoxins challenge and Notox Poultry allowed for a full recovery 
of this parameters . Data from the current study demonstrate that the 
supplementation of broiler diets with 1 .5kg/mT of Notox Poultry can 
fully recover the growth performance of broilers fed with diets naturally 
challenged with 0.34, 12 and 0.18 ppm of aflatoxin, fumonisin and T-2 
toxin, respectively .

Key Words: mycotoxin, performance, anti-mycotoxin additive, 
Notox Poultry

459P   Efficacy of an anti-mycotoxin additive supplemented in 
broiler diets contaminated with naturally produced mycotoxin. 
Daniel A . Miranda*1, Maxime Hilbert2, Alessandro Belucio1, Don 
Giesting3, and Alvaro Dubois1, 1Cargill Animal Nutrition, Campinas, 
São Paulo, Brazil, 2Cargill Animal Nutrition, Paris, France, 3Cargill 
Animal Nutrition, Hopkins, MN.

The objective of this study was to demonstrate the in vivo efficacy of 
an anti-mycotoxin additive (AMA) to reduce the deleterious effects of 
a bend of naturally produced aflatoxins, fumonisins and T-2 toxin in 
broiler diets . The AMA is based on montmorillonite, clinoptilolite and 
activated charcoal of babassu coconut . A total of 480 one-day-old slow 
feathering Cobb male broiler chicks were placed in metal cages, 10 
birds per cage, and divided in 2 experiments (Exp) . Each experiment 
had 3 treatments: a positive control – PC (basal diet without mycotoxins 
contamination), a negative control – NC (basal diet with mycotoxins 
contamination), and NC supplemented with AMA . In the Exp 1, NC was 
challenged with a blend of aflatoxins (1.4 ppm), fumonisins (50 ppm) 
and T-2 toxin (0 .75 ppm) and the AMA (Notox Poultry) supplementation 
was 5 kg/mT during 28 d . In the Exp 2, NC was also challenged with 
a blend of aflatoxins (1.12 ppm), fumonisins (40 ppm) and T-2 toxin 
(0 .6 ppm) and Notox Poultry supplementation was 2 kg/mT during 21 
d. All ingredients were analyzed for mycotoxins (aflatoxin, fumonisin, 
T-2 toxin, ochratoxin, zearalenone and deoxynivalenol) before the study, 
and no mycotoxin was detected . Growth performance was measured 
in a completely randomized design . Data were analyzed using PROC 
MIXED of SAS procedure and means compared using Tukey test (P < 

0 .05) . In both experiments, a deleterious effect caused by contamination 
of diets with aflatoxins, fumonisins and T-2 toxin on the performance of 
broilers was observed . The supplementation of contaminated diets with 
Notox Poultry led to a significant statistical (P < 0 .01) improvement in 
body weight (BW), feed intake (FI) and FCR in the Exp 1, and BW in 
the Exp 2 . No differences were found (P > 0 .05) in the FI and FCR in 
the exp 2 . The relative weight of liver was effected by the mycotoxin 
contamination (P < 0 .01) in the Exp 1 and Notox Poultry recovered 
normal liver weight with a similar result to PC (P > 0 .05) . The harmful 
effects of contamination with aflatoxins, fumonisins and T-2 toxin in 
broiler diets, according to the parameters evaluated, were considered 
significant during both experiments (P < 0 .05) . The addition of Notox 
Poultry in broiler diets reversed the effects of aflatoxins, fumonisins and 
T-2 toxin on growth performance and reversed the deleterious effects of 
those mycotoxins on the liver, presenting similar results to the treatment 
without mycotoxins .

Key Words: fumonisin, aflatoxin, T-2 toxin, liver, Notox Poultry

460P   Effect of plant extract derived from Croton lechleri on 
performance of broiler chicks at 21 days of age. Elias Salvador* 
and Daniel Chuquispuma, National University “San Luis Gonzaga” 
of Ica-Perú, Ica, Peru.

A study was carried out to evaluate the effect of plant extract in drinking 
water derived from Croton lechleri (sangre de grado) on the productive 
performance of chicks from 0 to 21 d of age, and to determine whether 
it could have the potential as alternative natural growth promoter to 
antibiotics . A total of 192, day-old male BB broilers chicks Cobb 500 
were randomly assigned to 3 experimental groups as treatments and 4 
replicates each: (1) Basal diet, without antibiotic; (2) Basal diet + 50 
mg Zinc Bacitracin / kg; (3) Basal diet + Croton lechleri extract, in a 
randomized block design . We evaluated live weight, feed intake, feed 
conversión, energy efficiency and margin over feed cost. The data were 
analyzed using the GLM procedure of SAS v .9 (2002) . The results 
showed that supplementation with Croton lechleri extract significantly 
increased (P = 0 .0208) live weight of chicks supplemented with veg-
etable extract (1002 .58 g) compared with the group with antibiotics 
(950 .33 g), which represents a improvement of 5 .49% compared with 
the group with antibiotics . Feed intake, feed conversion and energy 
efficiency were not affected (P > 0 .05) . The margin on feed cost was 
better for the group of chicks with the plant extract . It was concluded 
that the plant extract of Croton lechleri increases live weight, maintains 
productive performance and improves profitability, and can be consid-
ered as a potential natural growth promoter to replace antibiotics in the 
chicks’ diet in the 0 to 21 d of age .

Key Words: chick, plant extract, antibiotic, performance, Croton 
lechleri

461P   Performance benefits of probiotic and protease in broil-
ers subject to Eimeria challenge. Fenglan Yan*, Juxing Chen, Vivek 
Kuttappan, and Mercedes Vazquez-Anon, Novus International Inc., 
St. Charles, MO.

Consumer pressure and government regulations are driving US poultry 
industry to remove antibiotic growth promoter (AGP) from poultry 
production . Nutrition program including feed additives is an integral 
part of AGP free poultry production. A floor pen study was conducted 
with 1152 day-old male broilers to evaluate the efficacy of probiotic 
and protease in alleviating the negative impact of mild Eimeria chal-
lenge on growth performance and gut health in comparison to bacitracin 
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methylene disalicylate (BMD) . The study consisted of 4 dietary treat-
ments – Negative Control (NC), NC + probiotic (Sporulin containing 
spores of B. subtilis), NC + protease (Cibenza DP100), and NC + 
BMD, each with 12 replicate pens of 24 birds . Nutritionally complete 
typical US corn soybean meal based diets were formulated for starter 
(0–14 d), grower (14–27 d), and finisher (27–41 d) phases. All birds 
were challenged with a coccidiosis vaccine at 10X recommended dose 
via oral gavage on d 15 . Body weight, feed intake, FCR, and mortality 
were determined on d 14, 21, 27, and 41 . On d 28, 3 birds per pen were 
euthanized to score E. acervulina, E. maxima, and necrotic enteritis (NE) 
lesions . Data were subject to one way ANOVA; means were separated 
by Fisher’s protected LSD test . Bacitracin improved (P < 0 .05) FCR on 
d 14 (1 .144 vs 1 .220), d 21 (1 .294 vs 1 .352), and d 27 (1 .375 vs 1 .426); 
probiotic and protease improved (P < 0 .05) FCR on d 14 (1 .150 and 
1 .153 vs 1 .220) and d 21 (1 .316 and 1 .315 vs 1 .352), and their effects 
were not different from BMD (P > 0.05). No significant difference 
in FCR was observed among dietary treatments on d 41 (P > 0 .05) . 
Bacitracin increased (P < 0 .05) BW by 6 .0% and feed intake by 4 .8% 
on d 21; probiotic and protease numerically increased (P > 0 .05) 21-d 
BW by 3 .0 and 2 .8% and feed intake by 2 .2 and 2 .8% to a level that 
was equivalent to BMD (P > 0 .05) . No treatment difference in BW or 
feed intake was observed on d 14, 27 and 41 (P > 0 .05) . Low mortality 
throughout the trial, minimal coccidiosis and mild NE lesions were 
observed, and they were not affected by dietary treatments (P > 0 .05) . 
In summary, for broilers subject to Eimeria challenge on d 15, while 
BMD was effective in improving performance up to d 27, probiotic 
and protease were effective up to d 21 indicating that they have differ-
ent mechanism of action from BMD, and they could serve as effective 
nutritional tools to maintain growth performance during certain phases 
in AGP free broiler production .

Key Words: probiotic, protease, antibiotic, broiler, Eimeria

462P   Comparative effect of extracts and leaf meal of bitter leaf 
(Vernonia amygdalina) with antibiotics on performance and blood 
profile of broilers. Olufemi Adebiyi*1, Ngozi Anurudu1, Lukmon 
Ajani1, Tolulope Ososanya1, and Remilekun Oshinowo2, 1University 
of Ibadan, Ibadan Nigeria, Ibadan, Oyo, Nigeria, 2Federal College of 
Education, Osielle, Abeokuta, Ogun, Nigeria.

Negative effects of antibiotics such as emergence of antibiotic resistant 
pathogen, drugs toxicity and drugs residues in meat has led to the ban 
on usage of antibiotics in food and poultry products, this has accelerated 
investigation on newer, safer and natural alternatives sources of antibi-
otic Hence, the effects of extracts and leaf meal of Vernonia amygdalina 
on performance, hematological, and serum biochemical parameters of 
broiler chickens were evaluated in a feeding experiment lasting 56 d . 
Two hundred-day old Arbor Acre chicks were randomly divided into 5 
treatments with 4 replicates containing 10 birds per replicate . The treat-
ments were: T1 (Positive control: antibiotics only), T2 (ethanolic extract 
of V. amygdalina), T3 (aqueous extract of V. amygdalina), T4 (leaf meal 
of V. amygdalina), T5 (Negative control: neither extract nor leaf meal) . 
All data were subject to ANOVA, and significant means were separated 
by Duncan Multiple Range Test of SAS, 2010 . The results revealed that 
no significant (P < 0 .05) difference occurred in the weight changes of 
broilers fed the different treatment diets . Birds fed diet T1 had mean 
value of 2,286g compared 2,199g and 2,305g that were observed in 
birds fed T2 and T5, respectively . The same trends were also observed 
in the feed conversion ratio with values ranging from 1 .80 (T1), 1 .97 
(T2) to 1.86 (T5). The white blood cell varied significantly (P < 0 .05) 
from birds fed TI (19 .28 × 103 μL) compared with their counterparts 
fed T5 (16 .32 × 103 μL), however, no significant (P > 0 .05) variation 

was observed in birds fed T2, T3 and T4 with values of 18 .66 × 103 μL, 
18 .31 × 103 μL and 17.73 × 103 μL, respectively. Similar trends were 
also observed in the platelets count with significant (P < 0 .05) variations 
of 20 .50% (T1) compared with 13 .58% in T5 . All other heamatological 
parameters measured were not significantly different from each other. 
The serum cholesterol concentration in the serum reduced in the treated 
group compared with the control . Nevertheless, birds fed T2 (4 .88 g/
dL) and T3 (4.72 g/dL) showed significantly (P < 0 .05) lower serum 
protein compared with 6 .22 g/dL, 5 .32 g/dL and 5 .30 g/dL for birds in 
T1, T4 and T5, respectively . It may therefore be concluded that Vernonia 
amygdalina may either be extracted with ethanol or aqueous and added 
to the drinking water of broiler birds to replace the use of antibiotics 
without any deleterious effect on the performance, hematological and 
serum profile.

Key Words: Vernonia amygdalina, antibiotics, performance, blood 
profile, serum

463P   Undefined microbiome cultures of non-Galliformes origin 
increase weight gain in Gallus gallus. Si Hong Park1, Fernanda 
Castro2, Irene Jarquin2, Dayanara Reyes2, and Irene Hanning*2, 
1University of Arkansas, Fayetteville, AR, 2Lincoln International 
Academy, Managua, Managua, Nicaragua.

When delivered orally, some cultures of live bacteria act in the intestines 
to improve chicken health by stimulating the immune system, prevent-
ing colonization by zoonotic pathogens and in some cases improving 
weight gain . Nearly all commercially available bacterial cultures, termed 
probiotics, originate from poultry to be used in poultry . The purpose of 
this work was to determine if non-galliformes intestinal bacteria would 
have any similar effects as commercial probiotics on weight gain . Fresh 
fecal samples were collected from Chinese geese (Anser cygnoides) and 
Great Kiskadees (Pitangus sulphuratus) . The goose was chosen as an 
obese chicken model because geese have a relatively thick layer of fat 
on the abdomen for buoyancy and the Kiskadee as a lean chicken model 
as they have very little fat . A total of 30 d-old broilers were randomly 
assigned to 3 groups of 10 and given 0 .25 mL of the fecal sample 
suspended in water at a 1:10 ratio or water for the control group . All 
chickens were weighed weekly for 4 weeks and the entire experiment 
was replicated . In both trials, at 10 d of age there were no differences 
among the 3 groups in weight (P < 0 .01) . However, from 17 d of age 
and later, there were statistically significant increases in weight for the 
group that received the goose bacteria (P < 0 .01) . The most dramatic 
differences were at 17 d of age where this group averaged 130 g more 
in weight than the other 2 groups . The group receiving the bacteria from 
the Great Kiskadee differed numerically but not statistically in weight 
compared with the control (P < 0 .05) . It is well known, that some species 
of bacteria can act on the FiaF (fasting-induced adipose factor) pathway 
to increase fat storage . From our experiment, we could not determine if 
the bacteria from the goose are increasing weight gain through the FiaF 
pathway. However, current work involves sequencing and identification 
of the microbiome in the goose and from chickens receiving the goose 
bacteria. Identification and relative quantification of the microbiome 
will provide additional information regarding the mechanisms of weight 
gain observed in these experiments .

Key Words: microbiome, weight, undefined cultures, probiotics

464P   Yeast cell wall as an alternative to AGP in broilers’ 
diets. Roberto Fornazier*2, Daniela Rodrigues1, Valdir Junior3, Luis 
Albino3, Fernando Tavernari4, Diego Silva3, Horacio Rostagno3, 
Rosana Maia3, Renan Lino3, and Bruna Kreuz3, 1Aleris, Jundiai, SP, 
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Brazil, 2Santa Catarina State University-UDESC, Chapecó, Santa 
Catarina, Brazil, 3University Federal de Viçosa, Viçosa, Minas 
Gerais, Brazil, 4Embrapa Swine and Poultry, Concordia, Brazil.

Prebiotics are potential replacers for AGP by their influence on intes-
tinal microbiota, immunity system, mycotoxins control, and others 
positive effects . The purpose of this study was to evaluate an ethanol 
fermentation Saccharomyces cerevisiae yeast cell wall (YCW), as a 
replacer of the antimicrobial, avilamycin, on broilers’ performance 
(1–41d), phosphorus (P) and nitrogen (N) content in litter after 41d 
as well carcass yield . A total of 800 one-day-old Cobb chicks were 
blocked in a randomized design (5 treatments and 8 replications of 20 
birds each) . Treatments were: 1- negative control (NC), without YCW 
or AGP, 2- positive control (PC), NC + 0 .1kg/t of AGP (avilamycin), 
3- NC + 0 .5kg/t of YCW, 4- NC + 1 .0kg/t of YCW and 5- NC + 1 .5kg/t 
of YCW . The YCW, branded MAXIMOS, was provide by Aleris Animal 
Nutrition . To simulate a challenge, there was no disinfection of facilities 
before housing and reused litter was utilized . Chicks were forced to a 
fasting of feed and water on the first day, after this, drinking water was 
contaminated twice a week with litter from a layer facility, until 21d . 
Data were submitted to ANOVA and SNK test using PROC GLM of 
SAS . There were no differences (P > 0 .05) of diets on feed intake, feed 
conversion, and viability . PC tended to have higher BWG (P = 0 .0534) 
than NC (2337 and 2527g respectively) . WG of YCW diets (0 .5; 1 and 
1 .5kg/t: WG of 2467; 2460 and 2463g, respectively) was not differ-
ent from NC and PC, but values were approximate to PC . Production 
efficiency index (PEI) involves WG, viability, slaughter age and feed 
conversion values and is used to make an overall evaluation of the 
production . PEI results behaved in the same way of WG but statically 
different (P < 0 .05) between NC (319) and PC (387) . PEI average for 
YCW diets was 367, being 15% higher than NC and 5 .1% lower than 
PC . Litter was evaluated and there were reductions in N and P in PC 
and levels of YCW . N content numerically reduced from 1 .10 to 0 .86%, 
comparing PC and 1 .5kg/t of YCW . P content was higher (P < 0 .05) in 
NC . Comparing PC and 1 .5kg/t of YCW P numerically reduced 45%, 
from 11 .6 to 6 .4% . The carcass and yield parts were not affected by 
the diets (P > 0 .05) . The inclusion of ethanol fermentation yeast cell 
wall in broilers’ diets showed equivalent results compared with AGP, 
without any loss in animals’ performance and providing a reduction of 
phosphorus content in the litter when compared with NC .

Key Words: poultry, prebiotic, PEI, Saccharomyces cerevisiae, 
weight gain

465P   Effect of supplementation probiotic (Micromix 3B Dry) 
and organic acid (Selmalex) on growth performances, carcass 
characteristics and meat quality of broiler chickens as rearing in 
tropical climates. Anon Airlang*, Faculty of Agriculture, Raja-
magala University of Technology Srivijaya, Thungsong, Nakhon Si 
Thammarat, Thailand.

This study was conducted to determine the effect of supplementation 
probiotic (Micromix 3B Dry) and organic acid (Selmalex) on growth 
performances, carcass characteristics and meat quality of broiler chick-
ens as rearing in tropical climates for a period of 56 d . A total of 1,400 
one-day old mixed sex, Ross 308 were randomly assigned to completely 
randomized design (CRD) received 4 dietary groups with 5 replicates; 
groups 1-control: basal diet; group 2: basal diet plus organic acid (Sel-
malex ; fumaric acid, formic acid, lactic acid, propionic acid and citric 
acid) 2 kg/ton feed ; group 3: basal diet plus probiotic (Micromix 3B Dry 
; Bacillus sp . 5 × 10 11 cfu/kg) 2 kg/ton feed and group 4: basal diet plus 
probiotic (Micromix 3B Dry) and organic acid (Selmalex) 2 kg/ton feed . 
Broilers have area in the temperature between 29 and 31°C and 78% 

humidity . Result showed that supplementation of probiotic and organic 
acid had improved (P < 0 .05) feed conversion ratio of broiler in starter 
period (1–21 d of age) when compared with the other groups . However, 
all of the dietary treatments had no effect on growth performances of 
broilers during grower (22–42 d of age) and finisher period (43–56 d 
of age) . It was also found that supplementation of probiotic or organic 
acid and combination of probiotic and organic acid had no effect on 
carcass characteristics and meat quality of broilers . However, the result 
showed that supplementation of probiotic and organic acid tended to 
improve carcass characteristics in term of increasing breast percentage 
and reduced abdominal fat pad percentage . Basal on the data of this 
experiment it was concluded that combination of supplementation of 
probiotic and organic acid in the level of 2 kg/ton feed had significantly 
improved (P < 0 .05) growth performances in term of feed conversion 
ratio of broilers as rearing in tropical climates during the starter period .

Key Words: probiotic, organic acid, growth performances, carcass 
characteristic, broiler

466P   Evaluation of potential cytotoxic effect of silver carbene 
complexes in broiler chickens. Akhil Alsadwi*1, Shah Parth3, 
Carolyn Cannon3, Raghad Abdaljaleel1, Yansoon Al-Jumaa1, Denise 
Caldwell2, J . Byrd2, and Christopher Bailey1, 1Texas A&M University 
System, College Station, TX, 2USDA, College Station, TX, 3Texas 
A&M Health Science Center, College Station, TX.

Silver carbene complexes (SCCs), a group of novel silver-based com-
pounds capable of gradually releasing silver ions, possess 2 major 
features: significant wide antimicrobial activity and low toxicity on host 
cells . In terms of the latter, an in vivo study was designed to investigate 
the potential cytotoxic effect of SCC1 and SCC22 on one hundred five 
21-d old broilers . We used a completely randomized design with a 2 × 
3 factorial arrangement of treatments (2 products of SCCs and 3 widely 
spaced doses) with separate positive control pens . Determination of 
the median lethal dose (LD50), bird performance, blood biochemistry, 
relative organ weight, and bone mineralization were evaluated . After 
a 1-week acclimation period (7-d-old), ascending doses of SCC1 and 
SCC22 (10, 100, 1000 mg/kg of body weight (BW)) were applied by a 
single oral gavage . Birds were observed from d 7 to 21 for mortalities 
and any toxic effects . The SCC1 did not cause any mortality among 
the birds at any given dose after 2 weeks from exposure . Furthermore, 
no abnormalities were noted on necropsy, no significant adverse effect 
(P ≥ 0.05) on bird performance, relative organ weight and bone min-
eralization. At d 14, there was a significant product main effect (P = 
0 .003) in total plasma protein, where SCC1 had lower concentration 
than SCC22 . At doses of 1000 mg/kg BW, plasma GGT level was sig-
nificantly reduced (P < 0 .001) in both SCC1 and SCC22 at d 21 . The 
LD50 of SCC22 was calculated using logistic regression analysis as 1274 
mg/kg BW . SCC22 at a dose of 1000 mg/kg BW caused 5 mortalities 
(33%), at different times with 1 mortality (6%) at doses of 10 and 100 
mg/kg BW . Compared with the control, only the highest level of SCC22 
(1000 mg/kg BW) resulted in reduced chick body weight (P = 0 .009), 
weight gain (P = 0 .003) and increased feed to gain ratio (P = 0 .006) 
after 1 week of exposure . However, there were no main effects, or a 
significant product by dose interaction (P ≥ 0.05) in any of the production 
parameters at day-21 . In the present study we report that both SCC1 and 
SCC22, are novel silver-based compounds that gradually release silver 
ions, appear to be well tolerated by broilers as judged by indicators of 
LD50, performance, and blood biochemistry, supporting the safety and 
efficacy of SCC products for use in broiler feed as an alternative to 
traditional antibiotics .

Key Words: silver ion, SCC1, SCC22, LD50, cytotoxic
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467P   Use of essential oils in diet improve the performance 
of broilers at 21d challenged by Eimeria sp. Maria Estela Moro2, 
Rafael Nacimento*1, Lívia Maria Soares Queiroz1, Carlos Alexandre 
Granghelli2, Paulo Henrique Pelissari1, Luis Vinícius Sanfelice1, 
Brunna Garcia de Souza Leite1, and Lucio Araújo1, 1University of 
Sao Paulo, Pirassununga, Sao Paulo, Brazil, 2University of São 
Paulo, Cardoso, Brazil.

Coccidiosis is one of the main causes of losses in broiler production, 
due to the reduction of the animal performance . Coccidiostasts have 
been used for a long time and the risk of generating resistance is 
always present . Alternatives to the use of chemotherapies have been 
studied due to the world concern about the topic . Thus, the present 
experiment was developed to evaluate the zootechnical performance 
(body weight, weight gain, feed intake, feed conversion), as well as 
the European productivity index and the livability of broilers submit-
ted to supplemented diets with oleoresin from Curcuma longa L ., and 
chilli pepper (Capsicum annuum), challenged by Eimeria sp . Seven-
hundred male, 1-dold chicks (Cobb500) were used, distributed in a 
completely randomized design with 4 treatments, 7 replicates, and 25 
birds per replicate . Treatments were: NC) negative control diet, maize 
and soybean meal free of anticoccidial agent or growth promoters; PC) 
Control Diet + 500g / ton of salinomycin; NC + 10%) Diet Control + 
100g / ton of product containing capsaicin and thymol; NC + 14%) Diet 
Control + 140g / ton product containing capsaicin and thymol . The birds 
were challenged by Eimeria sp in the seventh age day, via drink water . 
Each bird received 1 mL of commercial vaccine contained E . tenella, 
E . acervulina, E . maxima, and E . necatrix strains . Data were subject to 
ANOVA using the SAS statistical program and then, the means were 
compared by Tukey test at 5% of significance. The results obtained for 
body weight (P = 0 .0037) and weight gain (P = 0 .0039), at 21d, did 
not differ between the supplemented diets, but showed a significant 
difference when compared with negative control, without affecting the 
feed intake (P = 0 .6123) . Regarding the results of feed conversion and 
European Productivity Index, diets supplemented with essential oils 
showed no significant difference between the other treatments. However, 
diets supplemented with salinomycin showed better results for feed 
conversion (P = 0 .0391) and European Productivity Index (P = 0 .027) 
when compared with the negative control group . Based on the results 
obtained, diets supplemented with capsaicin and thymol promoted body 
weight, weight gain, feed conversion and European Productivity Index 
similar to chemotherapeutic anticoccidials in diets for broilers from 1 
to 21d, without affecting feed consumption and livability, the European 
Index of Productivity and the livability of animals .

Key Words: capsaicin, chilli pepper, oleoresin, thymol, turmeric

468P   Thymol feed supplementation and growth performance 
in a commercial broiler flock. Agustin Luna1, Marcos Tarifa1, Julio 
Zygadlo2, and Raul Marin*1, 1Instituto de Investigaciones Biológi-
cas y Tecnológicas (CONICET-UNC) and Instituto de Ciencia y 
Tecnología de los Alimentos, Facultad de Ciencias Exactas, Físicas 
y Naturales, Universidad Nacional de Córdoba, Córdoba, Argen-
tina, 2Instituto Multidisciplinario de Biología Vegetal (CONICET-
UNC), Córdoba, Argentina.

Consumer concern on the quality of meat and meat products has greatly 
increased during the past decades . Furthermore, dietary synthetic anti-
biotics products used as growth promoters have been restricted or even 
banned in many countries . In this regard, edible plants, herbs spices, 
essential oils or their main components have been suggested as non-
traditional natural feed supplements in broiler diets to improve growth 
performance, products quality and even their welfare . Thymol (THY), 

a main component of oregano essential oil generally recognized as safe 
status (Food and Drug Administration, USA), has been proved as an 
effective antimicrobial and antioxidant compound with similar action 
than buthylated hidroxytoluene (BHT), a synthetic antioxidant widely 
used in poultry industry . On the other hand, tocopherol (TOC) have 
also proved antioxidant activity with potential as a growth promoter . 
Recently, synergic antioxidant activity was reported between TOC and 
ascorbyl palmitate (AP) . Herein, this study evaluated whether broiler 
diet supplementation with THY and a formulation mix with TOC and 
AP (1:0 .5:0 .5, respectively) under commercial conditions have potential 
as growth promoter . One day old male broiler chicks with similar BW 
(980) were randomly assigned to 1 of 7 dietary groups (4 replicates of 
35 birds each) as follows: Basal (no feed supplements); Promotor (20mg 
bambermycin/kg feed); BHT (1 .33 mmol of BHT/kg feed); Promotor + 
BHT (20mg bambermycin + 1 .33 mmol of BHT/kg feed); TOC-AP (0 .67 
mmol of TOC + 0 .67 mmol of AP/kg feed); THY (1 .33 mmol of THY/
kg feed); and THY+TOC-AP (0 .67 mmol of THY + 0 .67 mmol of a mix 
1:1 of TOC + AP) . Along 7 wk, BW, feed intake and feed conversion 
ratio were evaluated weekly . Repeated measure ANOVAs and Fisher 
tests were used to detect differences at P < 0 .05 . Compared with Basal 
group, increased final BW (P < 0 .05) was observed for all other groups 
but TOC-AP . No differences in feed intake or in feed conversion ratio 
were detected . Findings suggest that THY itself or in combination with 
TOC-AP can be used as a natural broiler growth promoter alternative .

Key Words: natural feed supplement, growth promoter, broiler

469P   Evaluation of the effect of the addition of yeast cell wall 
and yeast culture in broiler chickens when challenged with Clos-
tridium perfringens. Yansoon Al-Jumaa*, Hector Leyva-Jimenez, 
Akhil Alsadwi, Raghad Abdaljaleel, and Christopher Bailey, Texas 
A&M University System, College Station, TX.

The objective of this study was to evaluate the effects of 3 yeast derived 
prebiotics on broiler chick performance using a Clostridium perfringens 
challenge model . The feed additives tested were a Yeast Cell Wall 
(YCW), which is a commercially available product comprised of the 
yeast cell wall fraction from Saccharomyces cerevisiae and 2 yeast cul-
tures (YC) which are commercially available dried products composed 
of Saccharomyces cerevisiae and the media on which they were grown . 
The hypothesis was that these feed additives will enhance the production 
performance in young broilers facing a pathogen challenge . The study 
employed 6 treatments; 5 groups were challenged with Clostridium 
perfringens and the feed was supplemented with: YCW-250 ppm, YCW-
500 ppm, YC A-1250 ppm, and YC B-625 ppm . A challenged negative 
control (NC) treatment consisted of the basal diet without additive 
challenged with Clostridium perfringens . In addition, a non-challenged 
positive control (PC) was fed the basal diet without additive . At 10 d 
of age all birds were challenged with a commercial Infectious Bursa 
Disease vaccine (10x) to compromise the immune system . The primary 
challenge with Clostridium was done at d 16 and 17 by oral gavage for 
each bird using 3 mL of a 107Clostridium perfringens broth concentrate . 
The study continued for 21 d . The chicks and feed were weighted on 
1, 10, 16 and 21 d of age to evaluate the production performance . Data 
were analyzed as a complete randomized block design using the GLM 
procedure of SPSS. When significance was detected means were sepa-
rated using Duncan’s multiple range test . The results showed there were 
no significant differences between all treatment groups at age 10 with 
respect to any of the variables measured . At d 16 (after Infectious Bursa 
Disease vaccination) significant differences (P ≤ 0.05) were found with 
respect to feed conversion ratios . During the Clostridium perfringens 
challenge, phase feed to gain ratio approached significance at P = 0 .152 
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with both YCW-250 and YCW-500 having the best value with respect 
to the other yeast treatments . Values were 1 .38, 1 .42, 1 .44, 1 .46, 1 .48 
and 1 .48 for non-challenged control, YCW-500, YCW-250, YC A-1250, 
YC B-625 and challenged control respectively . In conclusion, the type 
and concentration of yeast-derived prebiotics are factors that influence 
broiler chicken performance .

Key Words: yeast cell wall, yeast culture, Clostridium perfringens, 
broilers, performance

470P   Effects of acidified drinking water on growth perfor-
mance, intestinal histomorphology, gastrointestinal pH, digestive 
enzymes, and Intestinal Microflora of Broilers. Humera Hamid*, 
Huiqin Shi, Qiugang Ma, Gaiyan Ma, Lihong Zhao, Jianyun Zhang, 
and Cheng Ji, State Key Laboratory of Animal Nutrition, College 
of Animal Science and Technology, China Agricultural University, 
Beijing, China.

The legal prohibition of the use and marketing of antibiotic feed addi-
tives as the growth promoter compelled the researchers for exploring 
the future utility of other alternatives . This experiment was designed to 
evaluate the effect of acidified drinking water on growth performance, 
gastrointestinal pH, digestive enzymes, intestinal histomorphology, 
and cecum microbial counting of the broiler chicken . A total of 540 
male day-old Arbor Acre (AA) broilers were randomly assigned to 5 
treatments, with 18 chicks per cage and 6 replicate cages per treatment .
The original pH value was 7 .8 in normal water . The pH value of acidi-
fied water reduced to 4.2 through supplemented with a liquid acidifier 
(Lupro-Mix NC, produced by BASF Co . Ltd ., consisting of propionic 
acid, ammonium propionate, formic acid and ammonium formate as 
active ingredients) . Birds received diets and drinking water as follows; 
NC (Negative control, Basal diet, normal water), PC (Positive control, 
Basal diet + colistin 20 ppm and Enduracidin 6ppm, normal water), A1 
(Basal diet, whole period supply of acidified water), A2 (Basal diet, 24 h 
continuous supply of acidified water during 0–14d, 22–28d, 36–42d), A3 
(Basal diet, 24 h continuous supply of acidified water during 0–14d and 
10a.m~4p.m supply acidified water during 15–42d). During the entire 
period, the PC and acidified groups (A1,A2,A3) showed a significantly 
(P < 0 .05) improve on weight gain, average daily gain (ADG) and feed 
conversion ratio (FCR) compared with the NC group, while there is 
no significant difference in growth performance between PC and any 
acidified groups (P > 0.05). There is a significant decline of lipase activ-
ity in the PC and acidified groups compared with NC group. The PC 
and acidified groups significantly reduced (P < 0 .05) the total aerobic 
bacteria counted and showed reducing trends (P < 0 .10) in counts of 
E. coli and Salmonella compared with NC group . A2 and A3 groups 
decreased the pH of the crop, gizzard, glandular stomach and ileum 
more than NC group, while A1 group only did in glandular stomach and 
ileum . Compared with NC group, A2 group had bigger villus width in 
jejunum, while A3 group had bigger crypt depth in jejunum and ileum . 
It’s concluded that acidified drinking water could be used to substitute 
dietary antibiotic growth promoters, but also as an essential tool for 
controlling pathogenic bacteria in broilers .

Key Words: acidified water, antibiotics, broiler, intestinal microflora

471P   Performance characteristics of broiler chickens and 
French Guinea fowl broilers fed diets supplemented with pro-
biotics L. reuteri and Streptomyces. Samuel Nahashon*, Sarayu 
Bhogoju, Agnes Kilonzo-Nthenge, Joseph Donkor, Boniface Kimathi, 
Collins Khwatenge, and Thyniece Taylor, Tennessee State University, 
Nashville, TN.

Probiotics are live microorganisms which establish in the gastrointestinal 
tract and confer beneficial effects to the host. The aim of this study was 
to evaluate the potential for Lactobacillus reuteri and Streptomyces as 
probiotics in poultry production . A total of 240 d-old broiler chicks 
(BC) and 216 d-old French Guinea keets (FGK) were reared using 
standard broiler management techniques and randomly assigned to 4 
dietary treatments in completely randomized design . The BC were fed 
starter diet from 0 to 21 d of age (DOA) comprising 3,200 kcal ME/kg 
and 23% CP. Grower and finisher diets were fed from 22 to 49 DOA 
and they comprised 3,200 kcal ME/kg and 20% CP . The FGK were 
fed starter and grower diets comprising 3,100 kcal ME/kg and 23% CP 
from 0 to 28 DOA, and 3,150 kcal/kg ME and 21% CP from 29 to 56 
DOA, respectively . Dietary treatments were a control diet, control + 
100 ppm L. reuteri, control + 100 ppm Streptomyces, and control + 50 
ppm L. reuteri + 50 ppm Streptomyces . All treatments were replicated 
3 times and feed and water were supplied ad libitum . Body weights and 
feed consumption (FC) from which body weight gain (BWG) and feed 
conversion ratios (FCR) were derived were measured weekly . Carcass 
characteristics were determined at 49 and 56 DOA for BC and FGK, 
respectively . Mortality was recorded as it occurred . Feeding L. reuteri 
increased BWG of BC and FGK by 5% and FC of FGK by 7% (P < 
0 .05) from 0 to 28 DOA . A 3% and 2 .3% increase in BWG and FC, 
respectively, was observed in BC and FGK fed diets containing both L. 
reuteri and Streptomyces, respectively. Feeding Streptomyces signifi-
cantly improved FCR of FGK and carcass yield of BC whereas a 27% 
reduction in abdominal fat was observed in BC fed L. reuteri from 0 to 
28 DOA . Therefore, the probiotics L. reuteri and Streptomycin seem to 
improve growth performance of BC and GFK from 0 to 28 DOA and 
carcass characteristics of BC at 56 DOA .

Key Words: probiotics, broiler chicken, French Guinea Fowl, Lacto-
bacillus reuteri, Streptomyces

472P   Commercial organic acid complex (Salkil) improves feed 
utilization in broiler chickens. Julia Trautwein*1, Augustine Owusu-
Asiedu2, Leon Broom2, and Georg Dusel1, 1University of Applied 
Sciences Bingen, Bingen, Germany, 2Anpario PLC, Nottinghamshire, 
United Kingdom.

The effects of an organic acid complex on performance and microbial 
population was evaluated in broiler chickens fed commercial diet . The 
organic acid (Salkil) is a buffered propionic and formic acid blend 
absorbed onto a mineral carrier at pH 4 .5 . One day-old broilers (Ross 
308) were randomly allotted to 2 treatments with 10 replicates cages/
treatment and 2 birds/cage from d 1 to 21 . From d 21 to 35 broilers 
were reduced to one per cage . The dietary treatments; 1) a control 
diet containing wheat, corn, and soybean meal formulated to meet or 
exceed nutrient requirements of Ross 308 broilers; CD, and 2) CD + 
supplemented with organic acid complex (2 .0 kg/MT of feed); OAD, 
were fed in 3-phases from d 1 to 7, d 8 to 21 and d 22 to 35 (starter, 
grower, finisher). Body weight, feed intake, average daily weight gain 
and feed efficiency (feed conversion ratio) were determined. On d 35, 
6 chickens per treatment were euthanized wherein stomach, jejunum, 
ileum and cecum samples were collected for pH value and microbiol-
ogy measurements and the intestinal viscosity in the jejunum and ileum 
was measured using a cone/plate viscometer . Data were analyzed as 
completely randomized design by GLM of SPSS using body weight d 
0 as covariate . Dietary treatment had no effect (P > 0.05) on final body 
weight, overall average daily weight gain and feed intake . However, 
compared with CD, feed conversion ratio respectively improved by 5 .1 
and 3.7% in birds fed OAD in finisher phase (1.75 vs. 1.66; P = 0 .006) 
and overall trial period (1 .61 vs . 1 .55; P = 0 .056) . Compared with CD, 
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birds fed OAD had lower intestinal viscosity in the jejunum (4 .8 vs . 3 .4 
mPas; P = 0 .039) and ileum (12 .5 vs . 9 .7 mPas; P = 0 .057) . In conclu-
sion, the current study showed that addition of the complex organic acid 
blend to a control diet reduced intestinal viscosity and improved feed 
efficiency in broiler chickens. Therefore, it can be speculated that the 
efficient nutrient utilization resulting from the added organic acid blend, 
may be due to its direct effect on lowering the intestinal viscosity, which 
might potentially result in reduced pathogenic bacteria population and 
improved gut health .

Key Words: organic acid, performance, intestinal viscosity

473P   Utilization of quorum sensing as ingredients selection 
tool for a botanical feed additive. Tim Goossens1, Daniel Ramírez1, 
and Haitham Yakout*2, 1Nutriad International NV, Dendermonde, 
Belgium, 2Nutriad Inc., Hampshire, IL.

This project was designed to (1) develop a botanical feed additive (dry 
herbs and essential oils), using quorum sensing (QS) inhibition assays as 
ingredients selection tools, and (2) to evaluate the additive’s health and 
performance stimulating effects in broilers . Intestinal microbiota have 
a pivotal role in maintaining the health status of the gastro-intestinal 
tract (GIT) . Given that the active ingredients of botanical feed additives 
end up in the bird’s GIT at concentrations far below the minimal inhibi-
tory concentration (MIC), the hypothesis is by utilizing QS, a form of 
bacterial communication critical for several biochemical (pathogenic) 
responses, could be used as a more relevant tool exploring the sub-MIC 
effects of botanical compounds . The QS-inhibiting effect of botanical 
ingredients was evaluated by adding their aqueous extracts to cultures 
of bacterial QS reporter strains Vibrio harveyi BB170 and Escherichia 
coli JB523 . The 0 .32% (wt/vol) extract of one botanical mixture (dry 
herbs and essential oils; APEX5) reduced the QS-dependent reporter 
activity by more than 99% (P ≤ 0.001) in each of the 2 systems. Using 
commercial broilers (Ross 308, 6 houses; n: 180,000; 1 d old), birds 
were divided into 3 control and 3 APEX5 (0 .015%) houses . At d 40 of 
age, 5 chickens per house were randomly selected, killed and intestinal 
content of each was analyzed for microbial DGGE-analysis . APEX5 fed 
broilers had a higher richness- and evenness index in the ileum (11 and 
44, respectively, compared with 7 and 35 in the control; P ≤ 0.05). More-
over, necropsy analysis indicated less Eimeria, digestive abnormalities, 
femoral head necrosis and respiratory tract damage in the APEX5 group 
(27/100 observations) compared with the control (43/100; P ≤ 0.05, 
Χ2) . Finally, in a trial utilizing a completely randomized design, Ross 
308 broilers (n:1200; 1 d old) were divided into 3 treatments (control, 
APEX5 0 .03%, oregano product 0 .03%) with 8 replicates of 50 broilers 
each . APEX5 fed group had a better FCR (P ≤ 0.05) of 1.34, 1.32, 1.34, 
and heavier final body weight (2341, 2372 and 2340 g), respectively. 
In conclusion, while the importance of QS in production animals still 
needs further investigation, these results show a great potential using 
QS as a tool for selecting components of botanical feed additives, with 
promising results for APEX5 product improving zootechnic performance 
and health in broilers .

Key Words: botanical feed additive, quorum sensing, gut health, 
broiler performance

474P   A precision delivery coated butyrate and a botani-
cal product: Evaluating individual or combined applications 
on broiler performance. Daniel Ramírez1, Tim Goossens1, and 
Haitham Yakout*2, 1Nutriad International NV, Dendermonde, Bel-
gium, 2Nutriad Inc., Hampshire, IL.

Nutrition is one of the most important aspects affecting poultry perfor-
mance . Good intestinal development, integrity and microbiota balance 
will result in better feed digestion and efficient nutrients absorption. 
Many feed additives are developed to enhance gut development, includ-
ing Sodium Butyrate . Additionally, there are evidences that botanical 
product components, such as carvacrol, cinnamaldehyde and allicin, 
possess characteristics optimizing digestion, improving intestinal 
microbiota balance and increasing digestive enzymes production . Two 
experiments were designed to evaluate effects of supplementing dif-
ferent dietary Precision Delivery Coated Butyrate (PDCB) levels to 
broiler diets, and assess the potential of supplementing PDCB alone 
or followed by a botanical mixture (BO; dry herbs and essential oils; 
APEX5) on performance . In Exp .1, Cobb 500 male chicks, (n:784, 1d 
old) were distributed into 4 treatment groups, each with 7 replicates of 
28 chicks in a completely randomized design . Birds were fed PDCB (0, 
0 .5, 0 .75, and 1 kg/t) in starter diets . Increasing PDCB inclusion levels 
to 0 .75 kg/t resulted in higher feed intake (FI 1 .32 kg/bird; P = 0 .04), 
body weight (BW 992 .9 g/bird; BWG 947 .3 g/bird; P = 0 .08) compared 
with the control group of (1 .29 kg/bird; 943 .2 g/bird; 897 .3 g/bird), 
respectively . Feed conversion ratio (FCR) was better (1 .30 g/g; P = 0 .05) 
for the 1 kg/t fed group, compared with 1 .37 g/g for the control group . 
Utilizing the same birds in the 2nd experiment, birds were fed PDCB 
alone or BO to grower and finisher diets, following PDCB supplemen-
tation (1kg/T) to starter diets (1 to 21d) . Dietary treatments were; 1) 
no added additives to grower and finisher diets (Con.); 2) PDCB at 0.5 
and 0.25 kg/T in grower and finisher diets, respectively; 3) 150 g/T of 
BO during both grower and finisher diets. Results showed significantly 
(P = 0 .01) higher BW for PDBC (999 .4 g) and PDBC+BO (978 .9 g), 
respectively as compared with the Con . (943 .2 g) at 21 d ., and higher 
BWG (PDBC+BO; 953 .7 g vs . Con .; 897 .3 g), respectively . At 42 d 
of age, birds fed PDBC+BO consumed more feed (P = 0 .01; 5 .396 g) . 
These results showed a potential for PBCD and BO to act as effective 
dietary alternatives to growth promoters in broiler diets .

Key Words: coated butyrate, botanical product, broiler performance

475P   Effects of temperature and addition of passion fruit seed 
oil on health and nutrition for broilers of 1 to 21 days old. Leon-
ardo Zanetti*1, Jose Sartori1, Juliana Denadai1, Guilherme Pasquali1, 
Everton Muro1, Tatiane Santos1, Daniele Souza1, Livia Dornelas1, 
Raimundo Ferreira Netto1, Armando Contin Neto1, Julianna Batis-
tioli2, and Fernanda Lima3, 1São Paulo State University (UNESP), 
Botucatu, São Paulo, Brazil, 2UNIMAR, Marília, São Paulo, 
Brazil, 3UFPR, Palotina, Paraná, Brazil.

Brazil is the main producer and consumer of passion fruit (Passiflora 
edulis), the uses of passion fruit produced are as in natura (fresh fruit), 
as an industry pulp, and as in juice manufacturing . The by-products 
obtained from the pulp and seeds can be used as an alternative food 
ingredient and, the oil is obtained by processing the seed . The passion 
fruit seed oil is rich in polyunsaturated fatty acids, vitamins, minerals and 
antioxidants . This study was conducted to determine the effect of passion 
fruit seed oil in nutrition and health of broilers during the starter phase 
(1 to 21-d-old) . A total of 480 1-d-old male Cobb chicks were placed in 
cages under thermoneutral condition and heat stress . The experimental 
design was completely randomized in a 2 × 6 factorial arrangement with 
2 levels of temperature (thermoneutral and heat stress) and 6 levels of 
passion fruit seed oil (0 .0, 0 .1, 0 .2, 0 .3, 0 .4, 0 .5% of inclusion in the 
diet) and, 8 replications of 5 birds per cage . Diets were isoenergetic 
and isonitrogenous . Water and feed were provided ad libitum during 
the experimental period . In this study, supplementation of passion fruit 
seed oil in diets did not affect (P > 0 .05) the feed intake, body weight 
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gain and feed conversion ratio and, only the temperature affect these 
variables (P < 0 .05) . The birds kept under thermoneutral condition 
presented better results, showing that temperature during rearing is a 
major factor in production efficiency for broilers. The relative weights of 
the immune system organs (spleen, thymus and liver) were not affected 
by treatments (P > 0.05). There was a significant interaction effect (P 
< 0 .05) for weight of bursa of Fabricius, that under the heat stress pre-
sented smaller size at the highest level of inclusion (0 .5%) . In turn, the 
results of this study indicate that addition of passion fruit seed oil did 
not affect performance, but decreased the bursa of Fabricius weight .

Key Words: by-product, oil, performance

476P   Betaine and butyric acid for broiler chicks deprived of 
water and feed for 48 hours before housing. Paola Serpa1, Jose 
Sartori*1, Mônica Aoyagi1, Guilherme Pasquali1, Juliana Denadai1, 
Everton Muro1, Maria Sartori2, and Denise Sartori3, 1São Paulo State 
University (UNESP), School of Veterinary Medicine and Animal 
Science, Botucatu, São Paulo, Brazil, 2São Paulo State University 
(UNESP), School of Agriculture, Botucatu, São Paulo, Brazil, 3São 
Paulo State University (UNESP), Institute of Biosciences, Botucatu, 
São Paulo, Brazil.

The aim of this study was to evaluate the effect of different feed addi-
tives on heterophil: lymphocyte ratio, and on biochemical parameters 
(glucose, uric acid, cholesterol, total protein, triglycerides, and VLDL) of 
broiler chicks kept with neither feed nor water for 48 h before housing . A 
total of 630 broiler chickens (Cobb500) were housed in 18 pens (35 birds 
per pen) in a completely randomized design . The diet was formulated 
to meet or exceed nutritional requirements proposed by Rostagno et al . 
(2011) and the feed additives were applied in replacement to inert . The 
treatments were: control diet (with no feed additive); control diet supple-
mented with betaine on top (1–7d = 0 .3%, 8–14d = 0 .2%, 15–42d = 
0 .15%); and control diet supplemented with butyric acid (1–21d = 0 .3%, 
21–42d = 0 .2%) . At 42-d, 2 birds per experimental unit were randomly 
chosen and their blood was collected from wing vein . For heterophil: 
lymphocyte measurement, monolayer films were made by pushing 3μl 
of blood across a standard microscope slide, dried, stained, and deter-
mined according to Charles Noriega (2000) . Plasma concentrations of 
glucose, uric acid, cholesterol, total protein, triglycerides, and VLDL 
were measured with an automated spectrophotometer using standards 
kits . Data were analyzed by using ANOVA option of the GLM procedure 
of MiniTab16 and significant differences were determined by Tukey test 
at 5% of probability . No differences between treatments for heterophil: 
lymphocyte ratio, glucose, uric acid, total protein, triglycerides, and 
VLDL (P > 0 .05) were found . Broilers from the control diet presented 
higher values of cholesterol content when compared with those that were 
fed diet containing butyric acid (P < 0 .05) . Thus, it can be concluded 
that although feed additives do not affect heterophil:lymphocyte ratio, 
glucose, uric acid, total protein, triglycerides, and VLDL, the cholesterol 
content was significantly reduced.

Key Words: feed additives, hematological parameters, stress

477P   Effect of betaine on the biochemical profile of broilers 
raised in high-density housing. Mayara Santana-Eich, Jose Sartori*, 
Juliana Denadai, Tatiane Santos, Guilherme Pasquali, Leonardo 
Zanetti, Everton Muro, and Antonio Pezzato, São Paulo State Uni-
versity (UNESP), School of Veterinary Medicine and Animal Science, 
Botucatu, São Paulo, Brazil.

The aim of this study was to evaluate the biochemical profile of broiler 
chicks raised in high density housing and fed diets containing different 
inclusions of betaine HCl 95% . A total of 1,736 male, Cobb500 chicks 
were used at 1d distributed in a completely randomized design in a 4 
× 2 factorial scheme with 4 inclusion levels of betaine and 2 housing 
densities (13 and 18 birds/m2) with 7 replications . The experimental diets 
with betaine supplementation were formulated with a 20% reduction in 
digestible methionine requirement . The diets consisted of PC (positive 
control, meeting nutritional requirements); Bet1 (betaine supplemen-
tation: 0 .101; 0 .090; 0 .085; 0 .080%); Bet2 (betaine supplementation: 
0 .300, 0 .200, 0 .150, 0 .150%); Bet3 (betaine supplementation: 0 .450; 
0300; 0.225; 0225%). The lipid profile, total protein, and uric acid 
analyzes were obtained through plasma, where as the glucose levels 
were obtained in serum . At 42 d, blood was collected from 2 birds 
per experimental unit, one of them to obtain serum and the other one, 
plasma . Data were submitted to ANOVA and the means were compared 
by the Tukey test (P < 0 .05) . There was interaction between diet and 
density factors for levels of cholesterol and uric acid . Birds raised in 
high-density housing had lower levels of cholesterol and uric acid from 
Bet2 when compared with birds that had the control diet . In relation 
to the diets, there was a reduction of serum glucose levels in birds fed 
the diet supplemented with betaine (Bet2) . In a situation of stress, the 
stimulation of the hypothalamic-pituitary-adrenal axis and the released 
of glucocorticoids taken place . The metabolism of the poultry spent more 
energy to maintain the homeostasis, which increased the catabolism of 
the proteins . This process caused increased levels of glucose, choles-
terol and uric acid . With betaine supplementation, the osmotic balance 
of the cells is maintained, the donation of methyl groups occurs from 
betaine, and methionine is directed to the protein synthesis, allowing 
the homeostasis and reducing the indices that can determine the stress . 
In conclusion, supplementation of betaine HCl 95% in partial replace-
ment with 20% of the digestible methionine requirement improves the 
biochemical profile of the birds under stress conditions.

Key Words: cholesterol, glucose, methyl group, osmoprotection, 
stress

478P   Phytogenic additive: Effect on intestinal and caecal 
diversity microbiome of broilers. Adrieli Braga de Cristo, Heloisa 
Fialkowski Bordignon*, Daianna Rosse Martins Golcalves, Thais 
Lina Taniguti, Fernanda Lima, and Jovanir Ines Muller Fernandes, 
Federal University of Parana-Brazil, Palotina, Parana, Brazil.

Emergence of antibiotic resistant bacteria has created the necessity of a 
replacement for it . Phytogenic feed additives (PFA) can be used in poul-
try feed, but there are still questions concerning their action, metabolic 
pathway and optimal dosage in poultry . Molecular technologies can help 
our understanding of the mechanism of the action of these alternative 
products by evaluating the changes in the intestinal microbiome . 1056 
broilers were distributed in a completely randomized design with 6 treat-
ments, 4 replicates of 44 birds each . The experimental diets consisted 
of control diet, antibiotic growth promoter (AGP), blend of PFA (100g/
ton), blend of PFA (150g/ton), diet with AGP and blend of PFA (100g/
ton), AGP diet and blend of PFA (150g/ton) . The PFA is composed of 
essential oil (eugenol, carvacrol and cinnamaldehyde) and oleoresins 
(vanilloids and capsaicinoids) . At 35 d of age, it was obtained a pool of 
4 samples per treatment of intestinal excreta and cecum for extraction 
and amplification of bacterial 16S rDNA. After sequencing, a basic 
bioinformatic analysis was performed for the taxonomic classification 
of reads . The highest (P < 0 .05) frequency of Lactobacillus salivarius 
was observed in small intestine excreta samples of birds that received the 
diets containing AGP associated with the PFA (100g/ton) . Lactobaccilus 
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acidophilus was found only in birds fed diet containing AGP plus 150g/
ton of PFA (P < 0 .05) . Enterococcus faecium was observed only in the 
microbiota of birds that received the control diet (P < 0 .05) . Lactobacil-
lus helveticus was more (P < 0 .05) frequent in the microbiota of the birds 
that received the diet containing AGP, the diet with the PFA at 100g/
ton, and AGP plus 150g/ton of PFA . In the cecum, birds that received 
the control diet, Lactobacillus salivarius was the predominant species 
while Lactobacillus helveticus was observed less (P < 0 .05) frequently 
in birds fed diets based on PFA at 100g/ton and 150g/ton associated 
with AGP . The decrease of the relative abundance of Enterococcus 
cecorum can indicate a positive modulation of microbiota by the blend 
of PFA since these species are frequently associated with infections in 
immunocompromised animals and humans . Our study’s results suggest 
that the feed additive did not greatly imbalance either the intestinal 
diversity or cecal microbiome .

Key Words: carvacrol, eugenol, herbs, Lactobacillus, PCR

479P   Heat stability of carvacrol and trans-cinnamaldehyde 
during commercial manufacturing temperatures in chicken feed. 
Indu Upadhyaya*2, Hsin-Bai Yin3, Jennifer Gidden2, Jackson Lay2, 
Annie Donoghue1, Dan Donoghue2, Michael Darre3, and Kumar 
Venkitanarayanan3, 1ARS, USDA, Fayetteville, AR, 2University of 
Arkansas, Fayetteville, AR, 3University of Connecticut, Storrs, CT.

With increasing consumer demand for natural, antibiotic free poultry 
products, the use of plant-derived antimicrobials (PDAs) as effective 
antimicrobial feed additives has gained significant attention. Among the 
various PDAs, carvacrol (CR) from oregano and trans-cinnamaldehyde 
(TC) from cinnamon bark have demonstrated significant antimicrobial 
properties in several chicken feeding trials . However, little is known 
about their stability in chicken feed subjected to commercial manufac-
turing temperatures and storage . This study investigated the heat stabil-
ity of CR and TC in chicken feed subjected to 2 commercial heating 
temperatures and storage for 2 mo . One kilogram of feed supplemented 
with or without (control) 0 .75% CR or TC was heated to 150°F and 
180°F . The heat-treated and untreated feed was stored at 25°C for 2 
mo . Immediately after treatment, and at 1 and 2 mo of storage period, 
100 g portions of feed was analyzed for PDA content by Gas Chroma-
tography Mass Spectrometry (GC-MS) on a Varian 450-GC coupled to 
a 320- MS triple quad mass spectrometer . Triplicate samples of each 
treatment and control were included, and data were analyzed using MS-
review software . The peaks for each PDA were compared with oleic 
acid (endogenous control) for relative quantification. Carvacrol and TC 
were detected in the feed during the entire storage period . The levels of 
CR and TC in the feed heated at both temperatures were not affected 
as compared with the controls on d 0 (P > 0 .05) . Similar results were 
observed at 1 and 2-mo storage periods; heat-treated TC was stable at 
1 and 2-mo sampling points with no significant difference on storage 

(P > 0 .05) . Although, CR in heat-treated and CR controls was detected 
by the end of 2 mo, heat-treated samples on d 0 yielded greater peaks 
for CR when compared with 1 and 2 mo of storage (P < 0 .05) . This 
study suggests that PDAs, especially TC is heat stable for 2 mo under 
commercial feed manufacturing temperatures, and could potentially be 
used as an effective antimicrobial additive in chicken feed .

Key Words: carvacrol, trans-cinnamaldehyde, heat, GC-MS analysis, 
chicken feed

480P   Evaluation of the potential for select probiotics to 
enhance phosphorus bioavailability in broiler chickens. Joseph 
Donkor*, Sarayu Bhogoju, Agnes Kilinzo-Nthenge, Thyniece Taylor, 
and Samuel Nahashon, Tennessee State University, Nashville, TN.

Feed is a major cost factor in poultry production accounting for about 
60–70% of the total cost of production . Poultry, especially chicken, are 
unable to utilize phytate phosphorus and thus about 80% of phospho-
rus in the diet is excreted in manure into the environment . Producers, 
therefore, tend to add inorganic phosphorus to poultry diets at an addi-
tional cost . Again, phosphorus excreted into the environment causes 
environmental pollution . The focus of this research was to establish the 
microbial profiles of the gastrointestinal (GI) tract of broiler chickens 
which have potential to improve utilization of plant source of phospho-
rus . The metagenomics assay of the GI tract of chicken yielded a total 
of 8,082 sequences, with 61% representing 5,030 species of different 
microorganisms . Massila (48%) was the dominant microorganism fol-
lowed by Bacteroides (9%), Streptomyces (6%), Bacillus (6%) and 18 
different microorganisms each constituting less than 5% . Organisms 
with representations below 1% were not included in the analysis . The 
isolated microorganisms maintained their ability to grow at pH range 
of 1–5 for 0–5 h, and tolerated bile salt concentrations of up to 1 .5% 
for a range of 0–5 h . Three microbes with the potential to hydrolyze 
free phosphorus were isolated, characterized phenotypically, morpho-
logically, biochemically and by molecular methods . The ability of the 
microbes to hydrolyze phytate phosphorus was also tested in vitro . The 
selected microbes were enriched through encapsulation and reintroduced 
into birds through feed with wheat middling as a carrier, to evaluate 
the performance of Ross broilers for 8 wks . Probiotic bacteria did not 
have any significant effects (P > 0 .05) on feed consumption, body 
weight gain and feed conversion ratio of broiler chickens . However, 
the supplementation of probiotic bacteria in the diet of broiler chicken 
reduced mortality among experimental birds . The probiotic bacteria 
lactobacillus and enterococcus included in the diets of broiler chickens 
at the rate of 100mg/kg feed significantly reduced (P < 0 .05) the amount 
of phosphorus excretion into the environment through manure .

Key Words: probiotics, broiler chicken, Lactobacillus acidophilus, 
phosphorus bioavailability, enterococcus
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481P   Variability of metabolizable energy in different field bean 
cultivars for broilers. Jalil Abdulla*, Stephen Rose, A . Mackenzie, 
and Vasil Pirgozliev, Harper Adams University, Newport, United 
Kingdom.

This study investigated the variability of N-corrected apparent metabo-
lisable energy (AMEn), total-tract crude protein (CPR), fat (FR) and 
dry matter retention (DMR) coefficients of 10 UK field bean cultivar 
samples in chicken broilers . Male Ross 308 broilers were reared in 96 
floor pens (5 birds in a pen) from 7 to 21d age. Birds were fed one of 
12 mash diets . A wheat-soybean based control diet was formulated to 
contain 231 g/kg CP and 13 .71 MJ/kg ME . The control diet had higher 
ME content than breeder’s recommendation (Aviagen Ltd ., Edinburgh, 
UK) to allow the ME of the field bean containing diets to be close to 
the requirements . Ten diets were then produced including 200 g/kg of 
one of the 10 different field bean cultivars and 800 g/kg of the control 
feed . Additional diet was formulated that contained 100 g/kg of one of 
the bean samples and 900 g/kg of the balancer feed to allow testing of 
linear response to studied variables . Each diet was fed to 8 pens follow-
ing randomization . Excreta were collected quantitatively for the last 4 
d of the experiment and the studied variables were determined using a 
regression approach . Data were statistically compared by a randomized 
block ANOVA. Tukey’s range test was used to determine significant 
differences between field bean treatment groups. The coefficients of 
variation in the AMEn, CPR, FR and DMR of the bean samples were 
11 .3%, 10 .3%, 13 .8% and 9 .8%, respectively . The AMEn ranged from 
7 .78 MJ/kg DM (Sultan) to 9 .96 MJ/kg DM (Divine), respectively . 
The AMEn of cultivar Sultan did not differ (P > 0 .05) from Arthur, 
Buzz, Clipper Honey and Maris Beads, but was statistically lower (P 
< 0 .05) than the values of the rest . The total-tract DMR varied from 
0 .461 (Sultan) to 0 .571 (Divine) among cultivars . The DMR of cultivar 
Sultan was statistically lower (P < 0 .05) only than those of Divine, 
Fuego, Fury, Honey and Maris Beads but did not differ (P > 0 .05) from 
the rest . There were no differences (P > 0 .05) in CPR and FR between 
the studied field bean cultivar samples. In conclusion, the variability 
of AMEn between the different field bean samples was relatively high; 
the high variability is a problem for practical diet formulation, and the 
reasons for this variability require further understanding .

Key Words: field beans, metabolizable energy, broiler

482P   Methionine supplementation augments n-3 fatty acid and 
tocopherol content in broiler birds fed flaxseed. M . H . Beheshti 
Moghadam, Ahmed Shehab, and Gita Cherian*, Oregon State Uni-
versity, Corvallis, OR.

Flaxseeds are used in broiler diets for n-3 fatty acid (FA) enrichment 
in meat . However, antinutritional factors (ANF) affect nutrient utiliza-
tion, tissue n-3 FA incorporation and production indices in birds fed 
flax. Strategies to mitigate ANF in flax will enhance nutrient incor-
poration in meat. Cyanogenic glycosides are ANF present in flax, and 
are degraded to release hydrogen cyanide. Detoxification of hydrogen 
cyanide requires sulfur donors and are provided by sulfur amino acids 
(AA) . Methionine (Met) is an essential sulfur-containing AA and is the 
first limiting AA in broiler diets. Met is also the precursor of glutathione, 
protecting cells against oxidative stress . It is hypothesized that Met 
supplementation will enhance n-3 FA status, antioxidant content, lipid 
stability, and production indices in broilers fed flax. The effect of Met 

supplementation (50 and 100% above Cobb 500 level) on tissue FA 
composition, tocopherol (Toc) content, lipid oxidation products, and 
growth performance of broilers fed flax is investigated. One hundred and 
20 (n = 120) day-old Cobb chicks were fed corn-soybean meal-based 
diet (Control), basal diet with 15% flax (Diet 1), Diet 1 + 50% more 
Met (Diet 2), and Diet 1 + 100% more Met (Diet 3) (5 replicates with 
6 birds per replicate) for 42 d. Feeding flax led to a reduction breast 
muscle total lipids (P < 0 .05) and was not affected by Met level . Total 
lipids in adipose tissue and total saturated FA were lowest in the breast 
and thigh muscle of Diet 3 birds (P < 0 .05) . Total n-3 FA was highest 
in the breast and thigh muscle of birds fed Diet 3 (P < 0 .05) . Addition 
of Met led to an increase in α-Toc in breast and thigh muscle in Diet 2 
and Diet 3 birds (P < 0 .05) . Lipid oxidation products were lower in the 
thigh muscle and adipose tissue of birds fed Diet 2 and Diet 3 than Diet 
1 (P < 0.05). Weight gain was lowest in birds fed flax (P = 0 .05) . Met 
supplementation had no effect on weight gain or feed conversion in birds 
fed flax (P > 0 .05) . Understanding how diet controls lipid metabolism 
in broilers is critical to formulating diets that produce lean meat with 
high n-3 FA and Toc content . This will provide an opportunity for the 
broiler production sector to add value to their product .

Key Words: broiler, flax, n-3 fatty acid, methionine, tocopherol

483P   Expression of umami receptors T1R1/T1R3 in differ-
ent tissues including intestinal segments of broiler chickens. Liju 
Ni*1, Yiran Liu2, Trinh Nguyen2, Jie Yin3, Tijun Li3, Min Tang4, 
Joshua Gong5, Guanqun Chen6, and Chengbo Yang2, 1Shanghai Lab-
Animal Research Center, Shanghai, China, 2University of Manitoba, 
Winnipeg, SK, Canada, 3Institute of Subtropical Agriculture, Chinese 
Academy of Sciences, Changsha, China, 4Columbia University, 
New York, NY, 5Agriculture Agri-Food Canada, Guelph, ON, 
Canada, 6University of Alberta, Edmonton, AB, Canada.

Umami taste receptors (taste 1 receptor member 1/member 3, T1R1/
T1R3) belong to a class of G-protein-coupled receptors (GPCR) and 
recognize protein degraded products, such as amino acids, peptides, and 
others . In the present study, the expression of umami receptors T1R1/
T1R3 in different tissues including intestinal segments of broiler chick-
ens was investigated . A total of 6 35 d old male broiler chickens (Ross 
708) were killed and the upper palate, tongue, heart, lung, stomach, 
gizzard, kidney, duodenum, jejunum, ileum and colon were collected . 
The full-length chicken T1R1 mRNA sequence has 54 .63%, 55 .76% 
and 55 .12% homology with mouse, human and pig, respectively . The 
homology of full-length chicken T1R3 mRNA sequence with mouse, 
human and pig is 54 .63%, 55 .76% and 55 .12%, respectively . Similarly, 
the T1R1/T1R3 protein sequence has 40–48% homologies with mouse, 
human and pig . Phylogenetic analysis indicated that chicken T1R1/T1R3 
were relatively distant from with mouse, human and pig . The mRNA 
of T1R1/T1R3 was expressed in the all tissues including intestinal seg-
ments . The jejunum had a higher (P < 0 .05) T1R1/T1R3 mRNA abun-
dance when compared with upper palate, heart, lung, stomach, gizzard 
and kidney . However, there was no difference in T1R1/T1R3 mRNA 
abundance among the different intestinal segments (P > 0 .05) . These 
results demonstrate that umami receptors T1R1/T1R3 are expressed 
both in taste tissue and non-taste tissues in chickens .

Key Words: broiler, G-protein-coupled receptors (GPCR), umami 
receptors T1R1/T1R3, T1R1/T1R3 expression, T1R1/T1R3 location
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484P   Evaluation of the effect of corn particle size on pellet 
quality using three methodologies. Andrea Rubio*, Allan Pinto, 
Joseph Hess, and Wilmer Pacheco, Auburn University, Auburn, AL.

Pelleting is a technology used for ingredient agglomeration using 
steam, moisture and heat to optimize feed intake and nutrient digest-
ibility . Research has demonstrated that as particle size decreases, there 
is an increase in pellet quality when the pellet durability index (PDI) 
is measured using the Seedburo PDI tester (tumbler) . The objective 
of this study was to evaluate the effect of corn particle size and the 
methodology of PDI analysis on pellet quality measurement . A NHP 
100 Holmen and the tumbler were used for PDI measurement . Feed 
was produced at the Auburn University pilot feed mill . The experiment 
consisted of 12 treatments with 4-corn particle sizes (629, 763, 814, and 
1779 µm) and 3 methodologies to measure PDI (Holmen-30 s, Holmen-
60 s, and tumbler-10 min) . One hundred 90 2 samples of pelleted feed 
were obtained from the feed mill for further analysis . Samples were 
obtained during bagging . Bags #15, #30, #45 and #60 of each dietary 
treatment were selected for PDI measurement (4 replicates per bag) . 
Data were statistically evaluated using ANOVA procedure and means 
were separated by Tukey honestly significant different procedure. 
The lowest PDI was obtained when the sample was analyzed with the 
Holmen-60 s (P < 0 .05) . There were no statistical differences between 
the treatments when the PDI was evaluated using the tumbler-10 min 
(P > 0 .05) . However, when the PDI was evaluated using the Holmen 
at either 30 or 60 s, the PDI results were linearly increased (P < 0 .05) 
as the particle size of corn increased from 629 µm to 1779 µm . The 
diameter of the mesh pellet hopper of the Holmen tester used in this 
study was 1 .58 mm, which could have retained particles higher than 1580 
µm, leading to an overestimation of PDI . The results of this experiment 
indicated that PDI results differed depending on the methodology used 
to analyze it . In general, the Holmen was more aggressive in breaking 
the pellets apart when compared with the tumbling machine . However, 
the Holmen tester may not be the appropriate methodology to measure 
pellet quality when using coarse corn particles (>1580 µm) in the diet 
as it tends to overestimate the pellet quality results .

Key Words: Holmen, hopper, mesh, pellet, tumbler

485P   Relationships between nutrient composition, fatty acids 
content and color characteristics of corn grains. Ahmet Pekel*1, 
Ali Calik2, Mustafa Alatas3, Eren Kuter4, Ozcan Cengiz4, and Guvenc 
Inan5, 1Faculty of Veterinary Medicine, Istanbul University, Istanbul, 
Turkey, 2Faculty of Veterinary Medicine, Ankara University, Ankara, 
Turkey, 3Faculty of Veterinary Medicine, Selcuk University, Konya, 
Turkey, 4Faculty of Veterinary Medicine, Adnan Menderes University, 
Aydin, Turkey, 5Optima Nutritional Products Inc., Kirklareli, Turkey.

A study was carried out to determine the nutrient content, fatty acid 
(FA) composition and color characteristics of corn grains (n = 54) col-
lected from different feed mills located in Turkey during the summer 
of 2016 . The aim of the study was to investigate whether any possible 
correlations between investigated parameters can be used to make 
predictions on any variable . The samples were analyzed for DM, crude 
protein (CP), ether extract (EE), crude ash, acid detergent fiber (ADF), 
neutral detergent fiber (NDF), acid detergent lignin (ADL), and starch, 
respectively . Fatty acid concentrations of total lipid were determined 
by gas chromatography . Color [CIE lightness (L*), redness (a*), and 
yellowness (b*)] characteristics of the samples were measured in trip-
licates with a chroma meter . Proc corr procedure in SAS was used to 
determine if there was any correlation between nutrients, fatty acids, 
and color characteristics . Palmitic acid (C16:0), stearic acid (C18:0), 
and oleic acid (C18:1) constituted 10 .90%, 1 .49%, and 28 .68% of the 

total fatty acids in corn samples on average, respectively . The average 
linoleic acid (C18:2) and linolenic acid (C18:3) FA in corn samples were 
57.75% and 1.19%, respectively. The highest coefficient of variation (CV 
= 28 .58) were observed for C18:0 among the fatty acids tested in corn 
samples . Results indicated that C16:0 level decreased (P < 0 .05) with 
increasing levels of L*, CP, and crude ash, although correlations were 
weak (−0.27 to −0.39). On the other hand, C16:0 level was positively 
correlated with EE content (r = 0 .29, P < 0 .05) . Negative correlations 
were found between starch content and C18:0 (r = −0.38, P < 0 .01), 
ADF (r = −0.32, P < 0.05), and NDF (r = −0.36, P < 0 .01) content of 
corn samples . A mild correlation was found between L* value and 
C18:1 levels of corn (r = 0 .35, P < 0 .01) . Ether extract and b* value 
had a weak correlation (−0.27 to −0.28) with C18:3 levels. As the DM 
content of the corn samples increased, C18:3 content increased (r = 0 .42, 
P < 0 .01) . In conclusion, although the correlations are mild, they would 
allow producers to predict the C16:0, C18:0, C18:1 and C18:3 levels 
from the proximate analysis and color characteristics of corn, avoiding 
the high cost and loss of time associated with FA analysis .

Key Words: color characteristics, corn, correlations, fatty acids, 
nutrient composition

486P   Impact of dietary supplementation of garlic-derived dial-
lyl disulphide and diallyl trisulphide on broiler chicken growth 
performance, gut morphology, and cecal microflora. Saheed 
Osho*1, Nathan Horn2, and Olayiwola Adeola1, 1Purdue University, 
West Lafayette, IN, 2Biomatrix International, Princeton, MN.

Bioactive components of garlic contain high amounts of sulfur com-
pounds, which can affect gastrointestinal dynamics, immune function, 
and antimicrobial activity . The objectives of this study were to deter-
mine the effect of dietary supplementation of garlic-derived diallyl 
disulfide (DADS) and diallyl trisulfide (DATS) in broiler chickens diet 
on growth performance, gut morphology, and cecal microflora. At one 
(1) d post-hatching, male broiler chickens were allotted into treatment 
groups in a randomized complete block design to one of 6 treatments 
that consisted of 0, 15, 30, 45, 60, or 75 mg of DADS + DATS per kg 
of feed with 8 replicate cages per treatment and 10 birds per cage . The 
experimental diets were administered from 1 to 22 d post-hatching . 
Growth performance was recorded, on 8, 15, and 22 d post-hatching, 
the median weight bird in each cage was euthanized and the mid jeju-
num was excised for histological measurements and cecal content was 
collected on 8 and 22 d post-hatching for microbial analyses . Dietary 
concentrations of garlic-derived DADS + DATS between 0 and 75 mg/kg 
had no effect on growth performance and gut morphological responses 
examined . There was a quadratic effect (P < 0 .05) of DADS + DATS 
on log10 number of copies of cecal Eschericia coli at 7 d post-hatching . 
However, Lactobacillus spp . log10 number of counts were not affected 
by dietary supplementation of garlic derived DADS + DATS . Results 
from the current study indicates that dietary supplementation of garlic 
derived DADS + DATS may decrease Eschericia coli population in cecal 
content of broiler chickens . Further research should also be carried out 
to investigate the efficacy of garlic derived DADS + DATS through a 
challenge model in broiler chickens .

Key Words: broiler chicken, garlic, growth performance, gut mor-
phology, intestinal microflora

487P   Evaluation of carbohydrate, lipid and protein as energy 
sources in diets with low or high energy:protein ratio for Euro-
pean quails housed on moderate or hot environmental tempera-
ture. Gilnara Araújo Dos Santos2, Gabrielle Castro-Pereira2, Thiago 
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Melo2, Silvana Santos*1, Natalí da Cruz2, and José Vilar Da Silva2, 
1Federal University of Paraiba, Bananeiras, Brazil, 2Universidade 
Federal da Paraíba, Solânea, Brazil.

This study aimed to evaluate the replacement of corn starch (CST) 
for soybean oil (SBO) or soybean isolate protein (SIP) respectively as 
energy sources as carbohydrate, lipid and protein in diets of low energy 
(E): protein (P) ratio (108 kcal E: 1% P or 2,950 kcal AMEn: 27 .3% 
CP) or of high E: P ratio (148 kcal E: 1% P or 2,950: 19 .9% CP) in the 
European Quail diet housed of 10 to 34 d of age on moderate (25°C) or 
hot (35°C) temperature of room . A total of 504 quails, half was alloted 
in moderate, and half in hot environment, in completely randomized 
design in factorial scheme 3 × 2 × 2 (3 feeds × 2 E: P ratio × 2 tempera-
ture of room), resulting in 12 treatments with 7 replications of 6 birds . 
The energy of the CST (12 .46% in diet) was replace by energy of the 
SBO (5 .00% in diet) or energy of the SIP (12 .04% in diet) inside of 
each diet of low or high E: P ratio . The datas were analyzed by Tukey 
test (P ≤ 0.05). Addition of CST and SBO in diet improved (P ≤ 0.05) 
both FI (440 .7, 452 .8 and 422 .8 g/bird), WG (155 .9, 160 .4 and 144 .2 
g/bird) and FC (2,826, 2,825 and 2,946 kg/kg) in comparison with SIP 
addition, respectively. The low E: P ratio influenced better WG (159.6 
vs . 147 .9 g/bird) and FCR (2,773 vs . 2,955 kg/kg/bird) compared of 
high E:P ratio (P ≤ 0.05). The quails housed on moderate temperature 
had better FI (470 .6 vs . 405 .2 g/bird) and WG (162 .6 vs . 144 .3 g/bird), 
but worse FCR (2,905 vs . 2,819 kg/kg/bird) in comparison with quails 
housed on high temperature (P ≤ 0.05). There were interactions (P ≤ 
0 .05) between energy source and E: P ratio . The high E: P ratio decreased 
FI and WG when diet had SIP (P ≤ 0.05). The low E: P ratio reduced FI, 
but, also, improved WG and FCR when SBO replace CST in diet (P ≤ 
0 .05) . The CST replacement by PIS increased FI and improved WG and 
FCR (P ≤ 0.05). The CST replacement by SBO or PIS did not worse the 
performance of quails housed on moderate or hot temperature . Quails 
fed diets with low E:P ratio (108:1 – 27 .3% CP and 2,950 AMEn) with 
corn starch or soybean oil has better WG and FCR than quails fed diet 
with protein isolate of soybean as energy source . The protein isolate of 
soybean as source of energy and, the temperature of 35°C have both 
negative impact on performance of quails .

Key Words: energy source, environmental temperature, energy and 
protein balance, performance, European quail

488P   Performance of broiler chickens fed diets supplemented 
with 0 or 60 ppm added iron from inorganic ferrous sulfate or 
organic SQM Fe and Quantum Blue phytase at levels of 0×, 1×, 
or 3×. Michael Sims*1, Jack Garrett2, and Greg Nunnery2, 1VA Diver-
sified Research, Harrisonburg, VA, 2QualiTech Inc., Chaska, MN.

A 42-d broiler floor pen study was conducted to compare live weights 
(LW), non-adjusted (FC) and mortality adjusted (MAFC) feed conver-
sion ratios, foot pad scores (FPS), and % mortality (MRT) of broilers 
fed diets supplemented with inorganic (InFe) or organic sources (OrFe) 
of iron (Fe) with and without the phytase product Quantum Blue (QB) . 
Study design consisted of diets with No Added Fe (CON), InFe and 
OrFe with 0 (0xQB), 0 .2 (1xQB) and 0 .6 (3xQB) lb per ton of QB for 
a total of 9 treatments of 12 pens each . The Fe treatment main effects 
demonstrated that broilers fed OrFe had significantly greater 21-d LW 
than InFe diets and significantly lower 0–42 d FC and MAFC compared 
with CON or InFe diets . The phytase treatment main effects for 1xQB 
showed significantly better 21-d LW than 3xQB, but MRT was signifi-
cantly lower in birds that received 3xQB compared with 1xQB . For 
the 9 treatments, diets of the 0xQB and 1xQB had significantly lower 
21-d LW than all other treatments . Each of the OrFe groups (0X, 1X 
and 3X) had significantly greater 42-d LW than the InFe + 0xQB and 

InFe + 3xQB groups. The OrFe + 3xQB birds had significantly lower 
0–21 d FC than OrFe + 0xQB (1 .399 vs . 1 .482) . The OrFe + 1xQB 
fed birds had significantly lower 0–42 d FC and MAFC than all other 
diets with exceptions of CON + 0xQB and OrFe + 3xQB . The CON + 
0xQB group had significantly lower 42-d FPS (1.25) than all other diets 
(1 .58–1 .89) except CON + 3xQB (1 .46) . Cumulative MRT for 0–21 
d or 0–42 d was significantly lower for InFe + 1xQB P than CON + 
1xQB with results for other diets intermediate . In practical terms, OrFe 
supplemented broilers had the highest 42-d LW and lowest 0–42 d FC 
and MAFC . In addition, the OrFe + 1xQB birds had the lowest 0–42 d 
MRT . The overall conclusion of this study is that when feeding QB in 
the diet, the addition of the OrFe used on this study, SQM Fe, resulted 
in minimal antagonistic effects suggesting the facilitation of normal 
enzyme inclusion levels .

Key Words: broiler, organic Fe, inorganic Fe, Quantum Blue phy-
tase, foot pad scores

489P   Effect of different nutritional strategies on tibial param-
eters in laying hens at the end of the production cycle. Everton 
Krabbe*1, Juliana Forgiarini2, Debora Alves2, Cristiele Contreira2, 
Suelen da Silva2, Valdir Avila1, and Victor F . Roll2, 1Brazilian 
Agricultural Research Corporation-Embrapa Swine and Poultry, 
Concordia, Santa Catarina, Brazil, 2Federal University of Pelotas, 
Pelotas, Brazil.

The present study was carried out aiming to investigate the effects of 
different nutritional strategies for laying hens from 18 to 73 weeks of age 
on tibia characteristics at the end of the production cycle . Six hundred 
laying hens from the Embrapa 051 (E051) strain and 2 hundred from 
the Lohmann Brown (LB) strain were distributed in a randomized block 
design to the following treatments: T1– Control, LB receiving 100% 
of its nutritional requirements (116 g/bird/day), T2-E051 receiving 
93% of the control diet (108 g/bird/day), T3- E051 receiving the same 
amount then control group (116 g/bird/day), T4- E051 receiving 107% 
of the amount delivered to the control group (124 g/bird/day) . Twenty 
floor pens with 40 birds each and 5 replicates per treatment were used. 
The control diet was formulated containing 2,750 kcal ME/kg, 16 .0% 
crude protein, 3 .74% calcium, 0 .33% phosphorus and 0 .72% digest-
ible lysine . Ration was provided in the morning and in the afternoon, 
all birds received 30g/bird of crushed grasses (Pennisetum purpureum 
Schum. cv. Mott). At 73 weeks of age, 15 birds/treatment were sacrificed 
and the length (mm), diameter (mm), weight (g) and breaking strength 
(kgforce) of the tibia were measured . The results were submitted to 
ANOVA, and the means were compared by Tukey’s test. No significant 
differences were found between treatments for tibia diameter . The tibia 
length was shorter (P < 0 .0001) in the LB birds (T1) compared with 
the E051 birds (T2, T3 and T4), which did not differ significantly from 
each other (117 .53 vs . 123 .96, 125 .84 and 123 .2mm, respectively) . The 
same behavior between treatments was observed for tibia weight (11 .41 
vs . 12 .83, 13 .19 and 12 .58g, P < 0 .0001) and tibia strength (16 .73 vs . 
20 .51, 21 .55 and 20 .89 kgf, P = 0 .0011) indicating a superiority of 
E051compared to LB strain and absence of effects of different nutritional 
densities on these variables . In conclusion, the variation of up to ± 7% 
in nutritional density did not affect the main characteristics of the tibia 
in E051 strain . On the other hand, the E051 strain showed better tibia 
characteristics than Lohmann Brown at the end of the production cycle .

Key Words: laying hen, EMBRAPA 051, bone characteristics

490P   Optimum standardized ileal digestible valine to lysine 
ratio for white commercial layers. Gabriel Viana*, Silvana Pastore, 
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Eliane Silva, Warley Alves, Leonardo Barbosa, and Paulo Gomes, 
Federal University of Viçosa, Vicosa, Minas Gerais, Brazil.

Continuous genetic improvements in commercial layer strains has led 
to a higher productivity in commercial flocks, which in turn demands 
continuous update of hen nutritional requirements . Valine is well rec-
ognized as the fourth limiting amino acid in diets for poultry based on 
corn and soybean meal . Layer diets are generally formulated based on 
ideal protein concept, in which amino acids are supplied at optimal 
ratios relative to the dietary lysine concentration . An experiment was 
conducted to estimate the optimum standardized ileal digestible valine to 
lysine (SID Val:Lys) ratio for white commercial layers in the egg-laying 
phase . A total of 288 42-to-58-week-old Hy-Line W-36 hens were ran-
domly assigned to one of 6 treatments, with 8 replicates of 6 hens each . 
A basal diet was formulated based on corn and soybean meal to contain 
2,900 kcal AMEn/kg and 134 .5g CP/kg . Additionally, crystalline amino 
acids, mineral and vitamin sources were added to basal diet to provide 
all nutritional requirements for white commercial layers in the egg-
laying phase described by the Brazilian Tables for Poultry and Swine . 
Experimental treatments consisted of 6 SID Val:Lys ratios (0 .80, 0 .85, 
0 .90, 0 .95, 1 .00, and 1 .05) . Data were analyzed as one-way ANOVA 
and orthogonal polynomial contrasts were used to determine the linear 
and quadratic effects of SID Val:Lys ratios on the assessed variables . 
Optimum SID Val:Lys were estimated using different statistical models, 
which included quadratic regression and linear broken-line regression 
model . Graded SID Val:Lys ratios elicited a quadratic response (P < 
0 .05) in egg production (y = - 91 .20 + 3 .748x – 0 .0192x2, r2 = 0 .98) 
and egg mass (y = −75.65 + 2.6581x – 0.0136x2, r2 = 0 .97), which were 
both optimized at 0 .98 SID Val:Lys ratio . Average daily feed intake, 
egg weight and feed conversion per kilogram of eggs and per dozen 
of eggs were unaffected (P > 0 .05) by SID Val:Lys ratios . According 
to linear broken-line regression model, the breakpoint for body weight 
gain occurred at 0 .94 SID Val:Lys ratio . Graded SID Val:Lys ratios did 
not affect layer egg quality traits . Based on results, the SID Val:Lys 
ratio for optimum white commercial layer performance from 42 to 58 
weeks of age, is 0 .98 .

Key Words: standardized ileal digestible amino acids, branched-
chain amino acids, ideal protein, laying hens

491P   Effect of dietary supplementation of Actigen on per-
formance of broiler chicks injected with dexamethasone. Lizza 
Macalintal*, Anthony Pescatore, Tuoying Ao, Michael Ford, and Karl 
Dawson, Alltech-University of Nutrition Research Alliance, Lexing-
ton, KY.

Dexamethasone is a synthetic glucocorticoid that mimics the negative 
effects of elevated corticosterone and prolonged levels of stress in pro-
duction animals . Yeast cell products such as mannan-oligosaccharide, 
i .e ., Actigen (Alltech Inc .), has been shown to improve broiler per-
formance and modulate immune response . A study was conducted to 
investigate the effect of a single Dexamethasone (DEX) injection on 
productive performance of broiler chicks fed Actigen-supplemented diet . 
For this study, 360, 1-d-old Cobb 500 chicks were randomly divided 
into 4 groups using a 2 × 2 treatment structure using Actigen and DEX 
injection as factors where 10 replicate pens of 8 chicks per pen were 
utilized . Feed and water were provided on an ad libitum basis . Dietary 
Actigen was supplemented at 0 .04% of the diet from 1 to 21D . DEX was 
administered at D7 of age via intra-peritoneal injection at a rate of 2mg/
kg BW . Body weight (BW) and feed intake were recorded on a weekly 
basis through D21. DEX injection (main effect) resulted in a significant 
(P < 0 .01) reduction in BW at D14 of age . At 7 and 14D post-DEX injec-
tion, the cumulative feed consumption was significantly reduced (P < 

0 .05) as was FCR . DEX injected chicks’ BW was depressed throughout 
the duration of the study, however, DEX-injected Actigen-fed chicks 
tended to recover their BW by 21D . Cumulative feed consumption of 
chicks supplemented with Actigen was significantly higher during the 
stress period when DEX was administered compared with those chicks 
that did not receive Actigen (P < 0 .05) . Thus, a single DEX injection 
can be used as a model to induce stress in broiler chicks as evidenced by 
reduction in BW and feed intake that occurred at least 14D post-DEX 
injection . Actigen supplementation in the broiler diet improved feed 
consumption during DEX induced-stress condition .

Key Words: mannan-oligosaccharide, dexamethasone, broiler, stress, 
feed conversion

492P   Cassava chips as an alternative feedstuff for broiler 
chickens: effect on growth performance and ileal morphology. 
Sudhir Yadav* and Rajesh Jha, University of Hawaii at Manoa, 
Honolulu, HI.

Corn has been used as a primary source of energy in poultry diets . 
However, it is imperative to explore and evaluate alternative feedstuffs 
to deal with variable price and supply of corn in current market place . 
Also, potential feedstuff with functional value than just energy source 
will be of additional advantage . Cassava chips (CC) are rich in energy, 
thus can be a potential alternative to corn in poultry diets . Also, CC are 
rich in fiber and resistant starch which are found to provide gut health 
benefits to animals. An experiment was conducted to evaluate the 
effect of different levels of CC inclusion on growth performance and 
ileal morphology of broiler chickens . A total of 180 d-old chicks (Cobb 
500) were randomly and equally allotted to 5 dietary treatments with 6 
replicate pens per treatment . The 5 dietary treatments fed for 42 d were 
a corn-soybean meal based control diet and inclusion of 12 .5, 25, 37 .5 
and 50% of CC as a replacement of almost 100% corn at the highest 
inclusion level . Ileal samples were collected on d 42 for microscopic 
evaluation . Results showed that growth performance parameters such 
as body weight (BW), average daily feed intake (ADFI), average daily 
gain (ADG) and feed conversion ratio (FCR) were not affected up to 
inclusion of 25% of CC (P > 0 .05) in starter phase . With inclusion of 
37 .5 and 50% of CC in the starter phase showed negative effects as BW 
gain (P < 0 .01) and ADG (P < 0 .05) decreased whereas FCR increased 
(P < 0 .05) . There was no difference (P > 0 .05) in ADFI and ADG in 
finisher stage at any inclusion level and significantly lower FCR (P < 
0 .05) in 50% inclusion level than control diet, suggesting that CC can 
be included up to 50% in finisher diets. Ileal morphology parameters 
clearly indicated linear decrease (P < 0 .05) in villus height, width and 
surface area with increasing inclusion level with no significant difference 
(P > 0 .05) up to 25% CC inclusion level . These results indicate that the 
inclusion of CC up to 25% in starter and 50% in finisher broiler diets 
has comparable growth, thus advantageous from economic perspective 
as CC are cheaper than corn . Further inclusion level can be optimized 
after economic analysis and supplementation with exogenous enzymes 
to enhance nutrient utilization .

Key Words: broiler, cassava chips, crypt depth, growth performance, 
villus height

493P   Dynamics in hepatic levels of ALA derived from hemp-
seed and flaxseed oils for egg enrichment with omega-3 PUFA. 
Mohamed Neijat*1, Miyoung Suh2, Peter Eck2, and James House2, 
1University of Guelph, Guelph, ON, Canada, 2University of Mani-
toba, Winnipeg, MB, Canada.
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Omega-3 polyunsaturated fatty acid (PUFA) supplementation in hens’ 
diets is predominantly based on α-linolenic acid (ALA) from plant 
seeds/oils, however, the limited conversion of ALA to long chain PUFA 
(LCPUFA) is a challenge for egg enrichment . Two major feeding trials 
involving dietary sources of ALA from hempseed/hempseed oil and 
flaxseed oil were conducted in separate phases using Lohmann LSL-
Classic hens . In phase 1, 48 hens (n = 8 per treatment) were fed to one 
of 6 diets containing either a control diet (without hempseed/hempseed 
oil), hempseed or hempseed oil in the levels of 10, 20 or 30 of hempseed 
and 4 .5 or 9 .0 hempseed oil (% by wt diet), providing a range of 0 .10 to 
1 .28% ALA (by wt of diet) . In phase 2, 40 hens (n = 10 per treatment) 
consumed diets that contained either a control (0 .03% ALA by wt of 
diet), or the control with supplemental ALA (0 .20, 0 .40 and 0 .60%) from 
flaxseed oil. In both trails, the hens were within the first phase of the 
production cycle (50% egg lay to 45 weeks of age) . Fatty acid methyl 
esters of lipid classes, including phosphatidyl ethanolamine (PE) in yolk 
and liver were determined. As an indicator of efficiency of conversion 
of ALA to EPA and further to DHA, greater (P < 0.0001) efficiency of 
accumulation of DHA in eggs was observed for flaxseed oil compared 
with hempseed products (11 vs . 3 .5%, respectively), incorporating 66 .7 ± 
2 .25 vs . 43 .6 ± 1 .61 mg/yolk of DHA in the egg yolk at the highest level 
of inclusion of flaxseed oil and hempseed/oil in the hen diets (0.60 and 
1 .28% ALA by wt of diet, respectively) . However, as a function of ALA 
intake, the level of ALA in liver-PE for both ALA containing models 
represented a similar regression equation along a line of best fit (within 
95% upper and lower confidence limits): ALAliver-PE (mol%) = 0 .1564 
+ [0 .2587 × ALA intake (g/hen/day)], R2 = 0 .96, P < 0 .0001 . This may 
provide an insight of potential factors regulating endogenous synthesis 
of omega-3 LCPUFA and egg enrichment with these fatty acids .

Key Words: egg yolk, liver, dietary ALA, fatty acids, 
phosphatidylethanolamine

494P   Comparison of energy values estimated by direct, 
and regression methods for broiler chickens. Jinyoung Lee*2 
and Changsu Kong1, 1Kyungpook National University, Sangju, 
Korea, 2Konkuk University, Seoul, Korea.

An experiment was conducted to compare energy values derived from 
the direct, and regression method for wheat and barley . Seven diets 
consisted of a corn-soybean meal-based reference diet, 2 semi-purified 
diets mixed to contain wheat or barley as the sole source of energy, and 
4 test diets prepared by supplementing the reference diet with wheat or 
barley at 150 or 300 g/kg, respectively . Chromic oxide was used as an 
indigestible index to calculate the metabolizability . After a 20-d accli-
mation period, a total of 504 20-d-old male (Ross 308) broiler chickens 
were allocated by body weight into 7 treatments with 6 replicate cages 
and 12 birds per cage using a randomized complete block design . From 
d 20, birds were fed the experimental diets for 5-d and excreta samples 
were collected from d 24 to 25 . The AME of the wheat using the direct 
method (2,940 kcal/kg DM) was not different from the value (3,030 
kcal/kg DM) derived from the regression method . The AME of barley 
obtained from the direct method (2,738 kcal/kg DM) did not differ from 
the value (2,975 kcal/kg DM) measured by the regression method . In 
conclusion, the direct and regression methods do not give different 
estimates of the AME in both wheat and barley fed to broiler chickens .

Key Words: broiler, direct method, metabolizable energy, regression 
method

495P   Fiber utilization in adult broiler breeders fed diets 
containing soy hulls, oat hulls and flax meal. Haley Leung*, Aitor 

Arrazola, Stephanie Torrey, and Elijah Kiarie, University of Guelph, 
Guelph, ON, Canada.

Fibrous feed ingredients are seen as possible solution for managing 
hunger in limit-fed broiler breeders. However, fiber utilization in broiler 
breeders fed practical diets is largely unknown . A total of seventy-two 
65-wk-old broiler breeders (Ross 308, initial BW 4,186 ± 45 g) were 
placed in individual cages to investigate utilization of fiber in soy hulls 
(SH), oat hulls (OH) and flax meal (FM). The birds were adapted to 
individual cages for 10 d on a commercial breeder ration . On d 11, the 
birds were allocated (n = 18) commercial broiler breeder ration (control) 
or control mixed with either of the 3 fiber sources (wt/wt, added to supply 
equal amount of NDF ~21%, equating to 40, 33 and 48% of the diet 
for SH, OH, and FM, respectively) and TiO2 . The daily feed allocation 
was based on 4% of BW . Feed intake (FI) was monitored daily and grab 
excreta samples were taken on d 16 and 17 for fiber retention. Birds were 
weighed before feeding on d 18 and sacrificed 2 h post-feeding for ceca 
digesta for pH and short chain fatty acids (SCFA) . Apparent retention 
(AR) of NDF and ADF in fiber sources was calculated by difference 
method. Relative to the control birds, birds receiving fiber diets lost (P < 
0 .05) BW as a result of decreased (P < 0.05) FI. Among the fiber sources, 
birds fed FM diet had the greatest (P < 0 .05) BW loss and FI depres-
sion. The BW changes were +80, −174, −133 and −585 g, respectively 
for birds fed the control, SH, OH and FM diets and corresponding FI 
was 1,062, 918, 885 and 590 g/bird . Birds fed FM retained higher (P < 
0 .05) NDF than birds fed either SH and OH . The ceca digesta pH was 
lower (P < 0.05) in birds receiving diets with added fiber relative to the 
control fed birds . However, pH of FM fed birds was lower (P < 0 .05) 
than in birds fed either SH or OH which were in turn not different (P 
> 0 .05) . Birds fed FM had higher (P < 0 .05) concentration of butyric 
acid than birds fed the control diets while birds fed SH and OH had 
intermediate butyric acid concentration . Acetic acid and total SCFA 
(summation of citric, lactic, formic, acetic, propionic and butyric acids) 
concentrations were higher (P < 0 .05) in the ceca digesta of birds fed 
OH diet than in the control birds but was not different (P > 0 .05) from 
that in birds fed either SH or FM . In conclusion, short-term feeding 
of fibrous feed ingredients reduced BW in broiler breeders linked to 
reduced feed intake . Fiber sources exhibited differences in utilization 
reflective of chemical characteristics.

Key Words: broiler breeder, fiber utilization, retention and fermenta-
tion, body weight

496P   Enzyme supplementation alters hepatic lipid metabo-
lism-related gene expression and phospholipid fatty acid molecu-
lar species in broilers fed flax. Brian Head, Massimo Bionaz, and 
Gita Cherian*, Oregon State University, Corvallis, OR.

De novo fatty acid synthesis occurs exclusively in the liver in chickens . 
Understanding how diet controls hepatic lipid metabolism is critical to 
formulating diets that can modify fatty acid (FA) profile of chicken meat. 
Flax is a rich source of a-linolenic acid and our previous studies have 
shown that flax in combination with carbohydrase enzyme enhances 
n-3 FA in chicken tissues . The hypothesis tested is that enzyme addi-
tion will alter FA profile, expression of lipid metabolism-related genes 
and phospholipid FA molecular species in the hepatic tissue of flax-fed 
broilers . A total of 24 broiler chicks (n=8/treatment) were fed a corn-soy 
diet containing 0% flax (Control), 10% flax (Flax), and Flax+0.05% 
enzyme (Flax+E) to test the effect of flax and enzyme supplementation 
on hepatic lipid metabolism . Enzyme (Omegazyme) contained cellulase 
(2800 U/g), xylanase (1000 U/g), glucanase (600 U/g), and mannanase 
(400 U/g) . Gene expression was measured by RTqPCR and phospholipid 
FA molecular species by electrospray ionization mass spectrometry . 
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Total lipids in the liver tissue was higher in flax-fed birds than Control 
(P<0 .05) . Stearoyl-CoA desaturase index (16:1+18:1/16:0+18:0) was 
highest in Flax+E compared to Flax and Control (P < 0 .05) . Stearic 
(18:0) and arachidonic acid (20:4n-6) was lowest in Flax+E compared 
to Flax and Control (P < 0 .05) . Over 2-fold increase in total n-3 and long 
chain (>20C) n-3 FA was observed in Flax and Flax+E compared to Con-
trol (P < 0 .05) . Expression of peroxisomal acyl-CoA oxidase 1, acyl-CoA 
synthase long chain family member 1, and carnitine palmitoyltransferase 
1 A was up-regulated in Flax+E birds compared to Control (P < 0 .05) . 
Fatty acid synthase and acetyl-CoA carboxylase a were reduced in Flax 
and Flax+E (P < 0 .05) . Sterol regulatory element-binding transcription 
factor 1 target fatty acid desaturase 2, a key-regulator of long chain FA 
synthesis was down-regulated in flax-fed birds. No effect of diet on the 
expression of FA transport genes was observed . Over 2-fold reduction in 
phosphatidyl choline and ethanolamine arachinoid species (16:0/20:4; 
18:0/20:4) was observed in flax-fed chickens compared to Control. 
Overall, these results demonstrate that dietary flax and carbohydrase 
enzyme affects hepatic FA profile, phospholipid FA molecular species 
distribution, and increased genes related to FA oxidation in broilers .

Key Words: broiler, flax, liver, n-3 fatty acids, gene expression

497P   Performance of broilers fed with mushroom Agaricus 
blazei and Pleurotus ostreatus as an alternative to antibiotics 
growth promoters. Gabrieli de Lima, Bárbara Barbosa, Diego Zied, 
Gustavo Polycarpo, Victor Amaral, Robert Araujo, Gabriela Ven-
tura, Gabriela Aleixo, Jaqueline Vizú, Bianca Cunha, and Valquíria 
Cruz-Polycarpo*, São Paulo State University (Unesp), Dracena, São 
Paulo, Brazil.

The aim of this study was to evaluate in diets of broilers chickens from 
1 to 42d the effects of inclusion of mushrooms Agaricus blazei and 
Pleurotus ostreatus as an alternative to antibiotic growth promoters and 
observed their influence on the performance from 1 to 42-d-old. A total 
of 900 1-d-old male Cobb chicks were housed, allotted in a completely 
randomized design with 5 treatments and 6 replications . Treatments 
consisted of: T1- Negative control - basal diet (RB) without anticoc-
cidial and antibiotic (unchallenged birds); T2- Negative control - RB 
without anticoccidial and antibiotic (challenged birds); T3- Positive 
control - RB with inclusion of anticoccidial and antibiotic (challenged 
birds); T4-RB with inclusion of 0 .2% of the mushroom Agaricus blazei 
(challenged birds), T5-RB with inclusion of 0 .2% of the mushroom 
Pleurotus ostreatus (challenged birds) . The utilized antibiotic was 
avilamycin 20% added with 50g/t and the anticoccidial was sodium 
monensin 40% added with 300g/t, allotting 10 and 120 ppm of active 
principle, respectively . At 11-d-old, broilers were inoculated with 1 mL 
of solution provided orally, containing 2 × 105 sporulated oocysts/mL 
of Eimeria acervulina and 2 × 104 sporulated oocysts/mL of E. maxima 
and E. tenella . In the period of 1 to 42d, the feed:gain ratio (F:G) was 
not influenced by the inclusion of mushrooms. The highest values of 
body weight gain (BWG, P < 0 .001) and average feed intake (AFI, P 
< 0 .001) were observed in broilers fed a negative control diet (unchal-
lenged birds) and in broilers received antibiotics . For the variables 
viability and European Broiler Index (EBI) was observed similarity (P 
> 0 .05) between the treatments with inclusion of mushrooms and the 
treatment with antibiotic, although broilers that received diet negative 
control (unchallenged birds) and broilers that received the diet with 
antibiotic presented higher values for EBI . Therefore, it is concluded 
that Agaricus blazei and Pleurotus ostreatus mushrooms don’t improve 
BWG and F:G ratio of broilers, however, for the viability and EBI the 
inclusion of mushrooms is as positive as the use of antibiotics, suggest-

ing new research that identifies and isolates the beneficial substances of 
mushrooms to seek better results .

Key Words: antibiotic, growth promoter, mushroom, performance

498P   Efficacy of an algo-clay complex on decreasing myco-
toxins liver toxicity on broiler. Maria Rodriguez*, Olmix, Brehan, 
Morbihan, France.

The aim of this study was to measure the efficacy of an algo-clay 
complex on T2-HT2 toxins, fumonisins and aflatoxins individual liver 
toxicity . Three trials were conducted by the Samitec Institute of Analyti-
cal (Brazil) and 1080 broilers chickens (Cobb 500) were used in total 
for the 3 trials . Animals were allocated to 5 treatments with 6 replicates 
within each of the 5 tests treatments or 12 replicates within the control 
treatment . Each group contained 10 animals . The study was run from 
d 1 to d 21 . The 3 trials were set up allowing to test each mycotoxin 
individually at a contamination level of 2.8 mg/kg for aflatoxins, 100 
mg/kg for fumonisins and 2 mg/kg for T-2/HT-2 toxins . Treatments dif-
fered by the presence each individual mycotoxin object of study, alone 
or with an inclusion of the algo-clay complex at 2 .5kg/ton or 5kg/ton . 
Performance and liver parameters were measured: feed intake (FI), body 
weight (BW), individual relative liver weight (RWL), Sphinganine-to-
Sphingosine ratio (Sa/So) for fumonisins, Lamic/Samitec Index (LSI) for 
aflatoxins and total plasma proteins (TPP). Sa/So was measured in the 
blood of 12 chicken per treatment collected on d 21 . LSI consists of the 
relative weight of the liver and increment E*ab variables which means 
Difference between the liver’s color and the reference color (white), 
according to the equation: LSI = % RWL (100 – increment E*ab) . The 
inclusion of 0 .50% of algo-clay complex in the diets containing myco-
toxins significantly improved FI and BW compared with diets containing 
mycotoxins only (P ≤ 0.05) for all mycotoxins including T2/Ht2 toxin. 
In each study, the RWL of the birds receiving 0 .50% of the algo-clay 
complex, was significantly improved when compared with those receiv-
ing mycotoxins only . The inclusion of 0 .50% of algo-clay complex in 
the diets containing 2.8mg/kg of aflatoxins improved significantly the 
LSI compared with those diets containing aflatoxins only (P ≤ 0.05). 
The inclusion of 0 .25% and 0 .50% of algo-clay complex in the diets 
containing 100 mg/kg of fumonisins diminished significantly the Sa/So 
compared with those from the birds fed with fumonisins only (P ≤ 0.05). 
The inclusion of 0 .25% and 0 .50% of algo-clay complex improved TPP 
(P ≤ 0.05). The algo-clay complex decreased significantly (P ≤ 0.05) the 
deleterious hepatic effects and performance losses caused by very high 
level of 3 types of mycotoxins on broiler in each of the 3 different trials .

Key Words: mycotoxins, broiler, liver, toxicity

499P   The effects of feeding a bacterial probiotic and a yeast 
combination (live yeast plus yeast cell wall) probiotic on per-
formance and intestinal immunometabolic phenotype in a 
commercial turkey operation. Mike Kogut*1, Bruce Lindquist3, 
Jimmie Corley4, and Ryan Arsenault2, 1USDA-ARS, College Station, 
TX, 2University of Delaware, Newark, DE, 3Phileo Lesaffre Animal 
Health, Humboldt, IA, 4Phileo Lesafre Animal Health, Iola, TX.

The high production rates of commercial poultry have largely depended 
on the use of subtherapeutic levels of antibiotics in the feed . However, 
public perceptions no longer make it feasible to use antimicrobials to 
enhance production performance . Enhancing immunity of the bird is one 
alternative to antibiotics . We have been investigating strategies tailored 
around the selective stimulation of the host’s immune system as an alter-
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native . One such approach is the use of live yeast and yeast fractions in 
various forms. In this study, a single flock of commercial turkeys was 
followed over the course of 10 weeks to evaluate the effect of feeding 
a combination of live primary strains of yeast, a single strain yeast cell 
wall component, and proprietary bacterial probiotic on performance and 
gut health as determined by immunometabolic phenotype . Performance 
metrics analyzed at the end of grow-out were livability, net pounds, aver-
age gross weight, actual condemnations, and feed efficiency. At various 
times during the grow-out, ileal and cecal tissue were collected from 
each of 5 birds from each treatment group, homogenized, and applied 
to a novel turkey species-specific kinome immunometabolism peptide 
array . There were no statistical differences between control and additive 
fed birds in livability, condemnation and feed efficiency. However, the 
turkeys fed the additives exhibited a significant increase (p < 0.05) in 
average weight . Turkeys fed the additives had a dramatic increase in 
peptide phosphorylation events in both the cecum and ileum at all time 
points although the cecum has more protein:protein interactions than 
the ileum . The predominate signaling pathways that can account for 
the majority of these increased events are immune response in nature, 
specifically the innate immune response demonstrating the immune 
modulatory activity of the additives . Further, key metabolic changes 
accompanied the immune modulation with phosphorylation of a number 
of peptide intermediates in the insulin/glucose and protein metabolic 
pathways . Based on these results, the immunometabolic phenotype of 
the turkey intestine fed the additives is pro-inflammatory when compared 
to the non-additive fed control birds . These results demonstrate that 
immune modulation of gut health had no negative effects on systemic 
bird performance during the first 10 weeks of a 19-week grow-out.

Key Words: turkey, innate immunity, yeast, prebiotics, kinome

500P   Role of selenium enriched yeast on low pathogenic avian 
influenza virus (H9N2) shedding in chickens. Bahram Shojadoost2, 
A . E . Ted Sefton*1, Alexander Bekele-Yitbarek2, Neda Barjesteh2, 
Adrianna Laursen2, Tamiru Alkie2, Wanderly Quinteiro-Filho2, Kayla 
Price1, Trevor Smith3, and Shayan Sharif2, 1Alltech, Guelph, ON, 
Canada, 2Ontario Veterinary College, Guelph, ON, Canada, 3Ontario 
Agricultural College, Guelph, ON, Canada.

Selenium plays a major role in antioxidant activity to protect the cells 
from oxidative stresses which occur during some pathological processes 
including infection . Selenium has been shown to have a role in the 
maintenance of innate, adaptive and regulation of immune responses . 
The objective of this study was to determine the effect of selenium form 
(organic versus inorganic) on virus shedding following a viral challenge . 
Sixty, day-old specific pathogen free chickens were randomly divided 
into 6 treatment groups: 1–4) selenium enriched yeast (SEY) and sodium 
selenite (SS) fed at 2 levels (0 .15 mg/kg low [L] or 0 .30 mg/kg high 
[H]); 5 and 6 received no supplemental selenium . Groups (1–5) were 
challenged at 14 d of age with 1 × 106 50% tissue culture infectious 
dose of a low pathogenic avian influenza virus, AIV, (H9N2) through 
the oculo-nasal route while group 6 was not challenged . At 3, 5 and 7 
d post-challenge (dpc), oropharyngeal and cloacal swab samples were 
collected and a virus titration assay using MDCK cells was performed 
to assess viral shedding . At 3 dpc, the titer of the shed virus for the SEY 
H group was significantly lower than the SS H group (P < 0 .05) with 
no significant difference compared with the other groups (P > 0 .05) . At 
5 dpc, the virus titer in the SEY H group was significantly lower than 
both of the SS groups and group 5 (P < 0 .05) . At 7 dpc, all selenium 
treated groups had significantly lower virus titers than group 5 (P < 
0 .05) . Supplementing the diet with selenium (either with SEY or SS) 
led to a significant reduction in virus shedding. The SEY diet resulted 

in a significant reduction in virus shedding at early time points post-
challenge compared with the SS supplemented diet . Providing a more 
bioavailable selenium source in the form of selenium enriched yeast 
(organic selenium) helped to reduce viral shedding .

Key Words: selenium, avian influenza, immunity, virus shedding

501P   The effect of mannan-rich yeast cell wall based dietary 
supplements on the intestinal digestive enzyme capacity of 
broilers. Conor McCaffrey*1, Aoife Corrigan2, and Paul Moynagh1, 
1Maynooth University, Maynooth, Kildare, Ireland, 2Alltech Ireland, 
Dunboyne, Meath, Ireland.

The effectiveness of 2 mannan-rich, yeast cell wall-based products 
to increase broiler digestive enzyme capacity along the length of the 
gastrointestinal tract was assessed in this study . A broiler trial involving 
360-d-old broiler chicks randomly allocated to each of 9 pens was carried 
out . The trial consisted of 3 dietary groups 1) control unsupplemented, 2) 
Control + Mannan rich fraction 1 (MRF-1) supplemented 3) Control + 
Mannan rich fraction 2 (MRF-2) supplemented . Each dietary group con-
sisted of 3 randomly assigned replicate pens with 40 birds per replicate . 
At 35 d post-hatch, broilers were sacrificed by cervical dislocation and 
intestinal tissue samples were collected from the duodenum, jejunum, 
ileum and cecum . The effect of dietary supplementation on digestive 
enzyme activity of the enzymes maltase, sucrase and alkaline phospha-
tase was then evaluated in homogenized tissue from each intestinal tissue 
section, using either colorimetric or spectrophotometric methods (n = 
10) . Differences in enzyme activity among diets for each tissue section 
were analyzed using one-way ANOVA . Results showed that intestinal 
enzyme activity increased following dietary supplementation with 
MRF-1 and MRF-2. Maltase activity was significantly increased in the 
jejunum, ileum and cecum following supplementation with MRF-1 and 
in the duodenum, jejunum and cecum following supplementation MRF-2 
when compared with the control (P < 0 .05) . Sucrase activity was shown 
to be significantly higher following supplementation with MRF-1 in the 
jejunum and cecum compared with the control and in the duodenum, 
jejunum and cecum when MRF-2 was added to the diet, (P < 0 .05) . The 
activity of intestinal alkaline phosphatase was significantly enhanced in 
the jejunum, ileum and cecum and in the duodenum, jejunum and ileum 
as a result of supplementation with MRF-1 and MRF- 2 respectively, 
when compared with the control . The results of this study suggest that 
dietary inclusion of mannan-rich yeast cell wall-based compounds may 
increase digestive enzyme activity in broilers . Increased enzyme activity 
can lead to increased nutrient uptake and can contribute to improve-
ments in efficiency.

Key Words: broiler, performance, nutrient digestibility, growth, 
enzyme activity

502P   Effect of probiotic, prebiotic, organic acid, antibiotic and 
tragacanth gum on bacterial colonization of Clostridium perfrin-
gens type A. Mohammadreza Soleymani1, Shaban Rahimi*1, and 
Ahmadreza Jabari2, 1Tarbiat Modares University, Tehran, Iran, 2Razi 
Vaccine and Serum Production Research Institute, Karaj, Iran.

Clostridium perfringens type A is a bacterial pathogen causing necrotic 
enteritis (NE) in chickens .It is responsible for high economic losses via 
mortality, morbidity, weight loss, and poor performance . It is estimated 
more than 2 billion dollars financial costs annually from NE to the poul-
try industry . Researchers reported this damage in North America is about 
$370 to $739 per flock (for example, increase in feed conversion rate 
of 10 .9%) . This research carried out to evaluate the effect of probiotic, 
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prebiotic, organic acid, antibiotic and tragacanth gum on prevention 
colonization of Clostridium perfringens type A in gastrointestinal tract 
of broilers . The experiment was conducted in a completely randomized 
design with 7 treatments of 4 replicates (positive and negative control, 
Primalac (probiotic), Selko-pH (organic acid), Bio-MOS (prebiotic), 
bacitracin (antibiotic) and tragacanth gum in Poultry Research Center at 
TarbiatModares University (TMU) with collaboration of Razi Vaccin and 
Serum Production Research Institute, Iran . One mL of culture medium 
having 108 cfu/mL was inoculated into crop of all birds, except negative 
control birds . Negative control birds were received 1 mL saline solution 
and kept in separate room to prevent of cross contamination . Positive 
control group were challenged with 108 cfu/mL Clostridium perfringens 
without receiving any feed additives. The results showed significant 
decrease in colonization of Clostridium perfringens type A in cecal con-
tents and feces (P < 0 .05) due toprobiotic, prebiotic and tragacanth gum 
administration . Interestingly, effect of probiotic, prebiotic and tragacanth 
gum administration were more powerful compared with antibiotic (P < 
0 .05) . According to results of this experiment, tragacanth gum can be 
used as antibiotic alternative in poultry feed to reduce colonization of 
Clostridium perfringens in intestine of broiler chickens .

Key Words: necrotic enteritis, tragacanth gum, bacterial coloniza-
tion, cecum, feces

503P   Performance of broilers fed on the concept of preci-
sion nutrition. Natalia Utimi1, Brunna Garcia de Souza Leite*1, 
Carlos Alexandre Granghelli2, Paulo Henrique Pelissari1, Rafael 
Nacimento1, Ana Santos de Oliveira1, Lucio Araújo1, and Cris-
tiane Araujo1, 1University of Sao Paulo, Pirassununga, Sao Paulo, 
Brazil, 2University of São Paulo, Cardoso, Brazil.

The concept of precision nutrition consists of obtaining knowledge of 
the nutritional requirements of the birds and nutritional value of the feed, 
thus providing the animals with balanced diets to achieve maximum 
performance with minimum cost and to avoid the excess of nutrients 
that are eliminated in the excreta . Thus, the objective of this current 
study was to evaluate the viability of using the concept of precision 
nutrition for broilers from 1 to 33 d . It was used 960 male broilers, Cobb 
500, in a completely randomized design with a 2 × 4 factorial design: 
2 sources of corn and soybean meal (company and university) and 4 
nutritional matrix (AM-annual mean of data collected monthly in the 
company; NMC- nutritional matrix practiced by company, SNM- stan-
dard nutritional matrix recommended by Brazilian Poultry and Swine 
table; NMN-nutritional matrix determined by near infrared reflectance 
spectroscopy [NIRS]) . A total of 8 treatments with 10 replicates of 
12 birds each . For performance was evaluated: feed intake (FI), body 
weight gain (BWG), feed conversion (FC) and viability (V) . Statistical 
analyzes of the performance data were performed using the method of 
ANOVA with the SAS procedure GLM (2002) and in case of statisti-
cal significance, the means were compared by the Tukey test at the 5% 
probability level . There was no interaction between corn and soybean 
meal sources and the different nutritional matrix in the accumulated 
period. However, there was a significant effect for corn and soybean 
meal sources analyzed from the University in which it showed an 
improvement in body weight gain . For nutritional matrix, there was a 
significant effect for the birds that received the AM and NMN treat-
ments, showing an improvement when compared with the others . There 
was a significant effect on FC as a function of the nutritional matrix, 
and the NMC treatment improved FC . In conclusion, the origin of the 
ingredients and the nutritional matrix used by the company or with 
previous analysis of the ingredients influenced the BWG and FC (P < 
0,001) of the birds up to 33 d .

Key Words: corn, near infrared reflectance spectroscopy, nutritional 
matrix, soybean meal

504P   Energy levels for layer hens submitted to different beak 
trimming management. Carlos Alexandre Granghelli*2, Karoline 
Lelis1, Paulo Henrique Pelissari1, Brunna Garcia de Souza Leite1, 
Rafael Nacimento1, Júlio de Carvalho Balieiro1, Lucio Araújo1, and 
Cristiane Araujo1, 1University of São Paulo, Pirassununga, São 
Paulo, Brazil, 2University of São Paulo, Cardoso, Brazil.

The aim of this study was to evaluate the best energy level for layer 
hens submitted or not to the second beak trimming on performance 
and egg quality . Therefore, 640 layers were distributed in a completely 
randomized design, in a factorial 5 × 2 (energy level × number of beak 
trimming) with 8 replicates and 8 birds per experimental unit . Energy 
levels studied were: 2600, 2700, 2800, 2900, 3000 Kcal ME / kg feed . 
Regarding the beak trimming, it was evaluated the effect of the second 
beak trimming performed at 70 d age, or not, and their interactions with 
the proposed energy levels . The trial was conducted from the 20th to 
48th week of age, totaling 7 cycles of 28 d each . Performance data (egg 
production, feed intake, egg mass, feed conversion per dozen and feed 
conversion by egg mass), egg quality (weight, albumen height, yolk 
color, Haugh unit, strength and shell thickness) were evaluated at the 
end of each 28-d cycle . It was observed interactions between the energy 
levels and beak trimming to egg production, albumen height, Haugh unit, 
and shell thickness (P < 0 .05) . It was observed that the beak trimming 
significantly affected the feed consumption (P < 0 .0001), reducing it 
when the second beak trimming was carried out, resulting in better feed 
conversion per mass and per dozen eggs (P < 0 .0001) . Likewise, the 
thickness of the shell increased (P < 0 .0001) . Results showed that the 
lowest energy level can be used and it was found that there is need to 
carry out the second beak trimming .

Key Words: performance, egg quality, egg production, feed 
conversion

505P   Performance and egg quality of laying hens fed with 
Moringa oleifera. Rogerio Silva Junior1, Carlos Rabello*1, Clau-
dia Lopes2, Guilherme Nascimento1, Waleska Medeiros1, Helena 
Manso1, Almir Silva1, Jaqueline Silva1, and Fedner Cadeau1, 1Univer-
sidade Federal Rural de Pernambuco, Recife, Brazil, 2Universidade 
Federal de Sergipe, São Cristóvão, Brazil.

Moringa oleifera is a plant that presents leaves with 17 to 32% of crude 
protein (CP), besides, It has antimicrobial, phytotherapic and natural 
pigment properties . The objective of this study was to evaluate the 
performance and quality of eggs of laying hens fed diets containing 
different levels of MO . A total of 150 laying hens, 62 weeks old, Dekalb 
White lineage and mean weight of 1 .458 kg were housed in cages (0 .45 
× 0 .50 × 1 .00m) in a completely randomized design, with 5 treatments 
and 5 replicates of 6 birds . The treatments were a reference diet based 
on corn and soybean meal 4 diets tests with levels of 1 .5%, 3 .0%, 4 .5% 
and 6 .0% inclusion of moringa leaf meal (MO) . The water was supplied 
ad libitum and the feed supplied of 120g/b/d . The experimental period 
lasted 122 d . Data were submitted to ANOVA and Dunnett’s test (P < 
0 .05) and regression analysis using the SAS Program . The leaves had 
the following chemical composition: dry matter 90.0%, crude fiber 
43.87%, neutral detergent fiber 47.50%, acid detergent fiber 26.23%, ash 
10 .66%, phosphorus 0 .40%, Calcium 1 .81%, ether extract 4 .02%, crude 
protein 18 .08, methionine 0 .306%, cysteine 0 .191%, lysine 0 .894%, 
threonine 0 .797%, arginine Isoleucine 0 .769%, leucine 1 .433%, valine 
0 .922%, histidine 0 .363%, phenylalanine 1 .078%, glycine 0 .940%, 
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serine 0 .793%, proline 0 .794%, alanine 1 .027%, aspartic acid 1 .593% 
and glutamic acid 1 .926% . The MO presented antinutritional factors in 
low concentrations, with positive responses to Hemaglutinate Species 
Activity (HSA) and to trypsin inhibitor (UTI/g) with values of 0 .446 
and 0 .420, respectively . The addition of MO in the diet of the laying 
hens did not influence the performance parameters, horever, provided 
significant increases in weight of the eggs and linear increase in egg 
color. Haugh Unit (UH) values were significantly affected in the diets 
with 4.5% and 6.0%, though, had were within the classification standard 
and were considered of excellent quality (>72UH) . Biochemical param-
eters of the blood serum did not show significant influence according to 
the inclusion levels of MO; however, a numerical reduction in the blood 
cholesterol those hens fed with inclusion of 6% of MO in the diet was 
observed . The MO can be used in laying hens diets without compromis-
ing it performance, and can intensify the egg yolk color .

Key Words: laying hen, egg quality, Moringa oleifera, egg produc-
tion, performance

506P   Determination of metabolizable energy value of corn 
gluten meal in adult leghorn roosters by regression method. Hos-
sein Janmohammadi*, University of Tabriz, Tabriz, East Azarbijan, 
Iran.

The aim of this study was to evaluate energy value of corn gluten meal 
(CGM) in adult leghorn roosters by regression method . CGM sample 
was provided from a corn starch producing company . A corn- soybean 
meal based diet was used as reference diet (RD) and the 4 assay diets 
contained 4 levels of CGM that replaced the energy sources in the RD 
at levels of 50, 100, 150 and 200 g/kg . The 5 experimental diets were 
fed to 25 adult roosters, with average body weight of 2 kg ± 0 .1, in a 
completely randomized design with 5 replicates . After 6 d of adaptation 
period to experimental diets, the birds were fasted for 24 h and then 
groups of 5 birds per diet were fed as ad libitum consumption . Feed 
intake was recorded and total excreta avoided were collected daily during 
the last 3 d, freezed and dried . The samples of experimental diets and 
excreta were subjected to DM, OM, EE, NDF, GE ash and nitrogen 
analysis with standards methods . The digestibility data were analyzed 
by ANOVA using GLM procedures of SAS Institute and comparison of 
means was done with multiple ranges of Duncan’s test . Linear regres-
sion analyses were used to establish the relationships between AMEn 
and substitution levels . DM, CP, EE, NFC, NDF and ash were 920, 530, 
38, 194, 136 and 22 g/kg DM of CGM, respectively . GE content was 
4833 Kcal/kg DM CGM . AMEn were affected linearly (P < 0 .0001) by 
the increasing levels of CGM in RD . The greatest values of AME and 
AMEn were 2545 and 2450 Kcal/kg in diet containing 200 g/kg CGM . 
AME, AMEn values of CGM varied significantly from 3170 – 4332 and 
2830- 4021 Kcal/kg by increasing CGM from 50 to 200 g/kg diet (P < 
0 .05) . The regression analysis between AMEn content in experimental 
diets and CGM inclusion levels showed a linearity relationship which 
let the possibility to calculate AMEn of CGM by using regression 
equation and extrapolation of AMEn content CGM at 100% inclusion 
level . The regression equation was established as: Y = 2030+19 .20X 
(R2 = 0 .77) . Solving of the equation for 100% inclusion level of CGM 
resulted in 3950 Kcal/kg of AMEn . This AMEn value was greater than 
the corresponding values reported by NRC (1994) and Brazilian tables of 
poultry requirements (2011). The findings of the present study revealed 
good potential nutritive value of the studied CGM which has high crude 
protein and available energy content . More studies are recommended for 
determination of total and digestible amino acids of this CGM .

Key Words: adult rooster, AMEn, corn gluten meal, regression 
method, chemical components

507P   The effects of conditioning temperature and particle 
size of grain sorghum on the performance of male broiler chicks 
during the starter phase. Daniel Seitz*, Christopher Delfelder, 
Ashton Yoder, Cassandra Jones, and Richard Beyer, Kansas State 
University, Manhattan, KS.

Grain sorghum is a crop that may be grown in areas that receive less 
rainfall compared with corn . Although selection of sorghum varieties 
with limited tannins has increased nutrient digestibility when fed to 
poultry, sorghum-based diets offer a unique challenge when fed to broiler 
chickens due in part to the presence of kafirin, phenolic compounds, 
and phytate . Selection for increased protein yield has led to increases 
in kafirin which is a major protein component of grain sorghum. When 
sorghum is steam conditioned and pelleted, evidence suggests that kafirin 
proteins may be damaged resulting in decreased nutrient utilization . A 
study was designed to determine feed manufacturing effects on sorghum 
based broiler diets . A sorghum-soy based starter diet was formulated 
to meet breed specifications for broiler chicks for the starter phase. A 
roller mill was used to grind sorghum to 2 geometric mean particle 
sizes (PS): fine (398 µm) and coarse (766 µm) with whole sorghum 
(1760 μm) added as a 3rd treatment. A CL-5 type CPM laboratory-scale 
pellet mill was fitted with a die size of 4 mm and thickness of 12.7 mm. 
Each of the treatments were then conditioned to low (65 .5°C) or high 
(93°C) temperatures for 26s, pelleted, then cooled and crumbled using 
a 2 .5 mm roller gap on a lab scale crumble roll . The feed rations were 
provided to Cobb male broiler chicks with 6 replications per diet and 6 
chicks per cage for 18d in a Petersime battery unit . Performance data 
were analyzed by PROC Mixed of SAS and means were analyzed using 
the LSMEANS procedure of SAS . The results indicate that high (93°C) 
conditioning temperature (CT) improved pellet quality as determined 
by pellet durability testing . Diets with higher durability resulted in 
crumbles with larger geometric mean particle size . The chicks fed diets 
with whole sorghum had reduced growth and feed conversion compared 
with the ground samples . The CT of diets with whole sorghum did not 
affect performance of the chicks . The main effects of CT were not 
affected by geometric mean PS . Both gain and feed conversion were 
decreased by increasing geometric mean particle sizing; however, there 
were no interactions with CT . The results indicate that sorghum PS was 
more important than CT when measuring growth and feed conversion 
of broiler chicks .

Key Words: broiler, sorghum, conditioning temperature, particle 
size, kafirin

508P   Influences on growth performance, energy digestibility, 
and ileal volatile fatty acid profile associated with multiple corn 
sources in male broilers. Mallori Williams*1, Kyle Brown1, Gemma 
González-Ortiz2, and Jason Lee1, 1Texas A&M University, College 
Station, TX, 2AB Vista, Marlborough, United Kingdom.

The objective of the current experiment was to evaluate the impact 
of varying nutrient content of corn on observed growth performance, 
ileal digestible energy (IDE), and volatile fatty acid (VFA) profile in 
male broilers . Three separate corn sources (A, B or C) from distinct 
geographical locations in the US were obtained . Corn A contained 15% 
moisture (M), 8.3% protein (CP), 2.5% fiber (CF), 78% starch (S), and 
3 .7% oil (O); Corn B contained 16% M, 7 .7% CP, 2 .4% CF, 79% S, 
and 3 .9% O; and, Corn C contained 16% M, 8 .5% CP, 2 .6% CF, 77% S, 
and 3 .9% O . The experimental design consisted of 3 treatments with 10 
replicate pens consisting of 18 birds/ pen (540 Cobb 500 male broilers) . 
Ileal contents were collected for the determination of IDE value and 
VFA profile. To ensure corn was the only variable, a premix containing 
all other ingredients was manufactured and then equal amounts of each 
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corn was added . Performance was not affected during the starter phase 
of production . Body weight continued to be similar regardless of corn 
source for d 33 and 42 . Mortality corrected feed conversion ratio (FCR) 
was reduced (P < 0 .05) during the grower phase in broilers fed corn 
C compared with corn A and B . This improvement during the grower 
phase resulted in a reduction (P < 0 .05) in cumulative FCR through 42 
d compared with corn B (1 .65 vs 1 .68) . Energy digestibility measured 
on d 42 did not differ between the 3 corn sources . Similarly, VFA con-
centration and relative intestinal weight was not affected by corn source . 
Crude protein content of the corn seemed to correlate most closely with 
observed growth performance as compared with other nutrient values . In 
previous experiments, starch and moisture percentage tended to be more 
predictive of animal performance; however, this may be related to the 
lack of separation in energy content as evidenced by no difference in IDE 
of the current study . In the current experiment, protein content varied 
at a much higher extent between the samples (10%) as compared with 
moisture (6%) and starch (2%) . Additionally, nutrient content variation 
between the 3 samples investigated was lower than in previous studies 
and is responsible for the lack of performance separation . These data 
show the effect on FCR of corn nutrient content and the importance 
of knowing the ingredients nutrient profile when manufacturing feed.

Key Words: corn, broiler, performance

509P   Macadamia nut cake as an alternative feedstuff for 
broiler chickens: effect on growth performance and gut microbi-
ota profile. Sudhir Yadav*1, Kabi Neupane2, and Rajesh Jha1, 1Uni-
versity of Hawaii at Manoa, Honolulu, HI, 2University of Hawaii, 
Pearl City, HI.

This study evaluated the effects of macadamia nut cake (MNC) inclusion 
on growth performance and gut microbiota profile of broiler chickens. 
A total of 180 d-old chicks were randomly and equally assigned to one 
of the 0% (control), 5, 10, 15, and 20% MNC included corn-soybean 
meal based diets . Body weight and feed intake were recorded to calculate 
average daily feed intake (ADFI), average daily gain (ADG) and feed 
conversion ratio (FCR) . Cecal digesta was collected (12 birds/ treatment) 
on d 42 . PCR-DGGE analysis was done followed by clone sequencing 
to profile the microbiota. Dietary inclusion of different levels of MNC 
did not affect ADG (P > 0 .05) . ADFI and FCR linearly increased with 
increasing level of MNC with difference (P < 0 .05) at 20% in starter, 
15% in finisher and overall study period compared with control. Dendro-
gram constructed from DGGE image shows that the microbiota profile 
was similar in 0 to 15% MNC fed birds . Out of 89 sequence analyzed 
for 3 treatments (0, 10 and 20% MNC), in the phylum level the ratio 
of Firmicutes: Bacteroides was 26:5 in control group whereas 1:1 and 
1 .8:1 in 10 and 20% MNC inclusion, respectively where higher ratio 
is directly linked with ability to harvest energy and nutrient digestion . 
In genus level, 0% MNC has mainly Ruminococcus (29%), Fecali-
bacterium (19%) and Bacteroides (16%); 10% MNC has Bacteroides 
(50%), Clostridium (20%), and Ruminococcus (10%); and 20% MNC 
consists Bacteroides (36%), Ruminococcus (29%), Clostridium (14%) 
and Fecalibacterium (11%) as the predominant bacteria . Although MNC 
is high in fiber content and lower Firmicutes: Bacteroides, there is no 
retardation in growth, the reason could be due to presence of diverse and 
useful gut microbiota, energy provided from their metabolites (VFA), 
increased feed intake and high lipid residue in MNC . Thus, MNC can 
be included up to 15% in broilers diets without any compromise in the 
growth performance and which may promote gut health by supporting 
beneficial microbiota.

Key Words: broiler, coproduct, growth performance, gut microbiota, 
macadamia nut cake

510P   Estimation of true phosphorus digestibility of soybean 
meal is affected by Ca level in broilers. Colwayne Morris*2, 
Roger Davin1, Fenglan Yan1, Megharaja Manangi1, David Ledoux2, 
and Mercedes Vazquez1, 1Novus International Inc., Saint Charles, 
MO, 2University of Missouri, Columbia, MO.

Previous regression analysis estimations of true ileal P digestibility 
(TIPD) in SBM using a fixed Ca:total P ratio predicted values lower than 
apparent ileal digestibility (AIPD) values in broilers . The objective of 
the current study was to estimate TIPD in SBM by regression analyses, 
using 2 fixed Ca levels (0.35 and 0.85%), and to estimate endogenous P 
losses (EPL) by regression analysis and by providing P-free diets . A total 
of 320 Ross 308 male broiler chicks were fed a common corn-SBM based 
diet from d 1 to d 19 . From d 19 to 22, birds were fed 8 experimental 
diets that consisted of 3 graded levels (20, 40 and 60%; low, medium and 
high, respectively) of SBM and 2 gelatin-based P-free diets containing 
either 0 .35% or 0 .85% Ca . Each treatment was fed to 8 replicate cages 
with 5 birds/cage . Digesta from the posterior 2/3rd of the ileum was 
collected on d 22 . Data were analyzed by one-way ANOVA to determine 
statistical differences among treatments . TIPD and endogenous P loss 
estimates were obtained by regressing P output against dietary P content 
in SBM diets . TIPD of SBM with 0 .85% Ca was estimated to be 59 .3%, 
a value 19 points lower than the TIPD estimation of SBM with 0 .35% 
Ca (78 .3%) . TIPD estimate values were greater than the AIPD values 
obtained from the SBM diets supplemented at different Ca inclusion 
levels . Increasing SBM level from low to medium improved AIPD at 
both Ca concentrations . However, increasing SBM from 40 to 60% 
did not further increase AIPD . As previously reported, EPL estimates 
were significantly affected by the methodology employed, being 341 
and 48 .9 mg/kg DMI using the regression approach and P-free diets, 
respectively . Ca level did not affect EPL (P > 0 .4) in both methodologies . 
In summary, TIPD values from SBM were greater than AIPD values 
when a fixed dietary Ca level is employed, however Ca concentration 
has a significant impact on both TIPD and AIPD. EPL estimates vary 
depending on the methodology employed .

Key Words: digestibility, endogenous losses, phosphorus, soybean 
meal

511P   The effect of LED light color and feed type on the perfor-
mance of male broiler chicks to 21 days. Kayla McGurk, Chris-
topher Delfelder*, Daniel Seitz, and Richard Beyer, Kansas State 
University, Manhattan, KS.

Poultry producers are rapidly adapting new lighting technology that 
reduces labor and energy costs . There are numerous choices of color or 
spectrum, brightness, control systems, and lenses available in the mar-
ketplace . These choices will impact energy use, bird performance, and 
animal welfare as well as farm workers . Intensity and color may impact 
how a bird views the water and feed devices, litter, and other birds . Birds 
are able to distinguish subtle differences in feed texture and will choose 
feed pellets, crumbles and fines and will select a preferred form. Feed 
color is influenced by ingredients and additives. Newly placed chicks 
must locate feed and water soon after placement . A study was designed 
to determine broiler prestarter and starter performance when placed 
under 4 colors of lights: red, green, blue, and white and 2 feed types: 
sorghum-soy or corn-soy based in a 4 by 2 factorial arrangement with 
4 reps for each combination of treatments. Pens were fitted with LED 
focal lights 72” over the litter, with the ring of light focused between 
the feed pan and the nipple drinker line. The pens were 5′ by 14’ with 
4” of pine shavings. Twelve male Cobb broiler chicks were placed in 
each pen which was randomly assigned a light color and feed type . Two 
diets, similar in nutrient content but either corn or sorghum-based, were 
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formulated to meet the recommended requirements and fed in a mash 
form with a similar texture . The diet phases were 10d and 21d for the 
prestarter and starter rations respectively . At placement, house incan-
descent lights at 25 lm were provided for 48 h, then reduced to 15 lm 
for 24 h . On d 4, the house lights were extinguished and only the LED 
lamps were used, and were set at 15 lm in the focal area . Pen weights 
and feed were recorded at d 10 and 21 . The results indicate that at 10d, 
sorghum-fed chicks were significantly less feed efficient than corn fed 
chicks, however, no other measurement in the study was affected by 
diet type . At 10d, only the chicks under blue light had increased BWG . 
The chicks under blue lights fed corn were significantly more efficient. 
Throughout the remainder of the study, there were no main effects of 
light color, feed type, or interaction observed for any of the treatments . 
The results indicate that under blue, red, green or white lights, early 
performance of male broiler chicks are remarkably similar .

Key Words: broiler, LED lighting, sorghum, feed forms, colored 
lighting

512P   Effect of allicin on tibia and tendon breaking strength 
of broiler chickens. Jaime León Landeros*3, José Orzuna-Orzuna3, 
Arturo Pro-Martínez1, Raúl Argüello-García2, Eliseo Sosa-Montes3, 
Artemio Vargas-Galicia1, Leodan Rodríguez-Ortega1, María Rangel-
Zepeda3, and Fernando González-Cerón3, 1Colegio de Post-gradua-
dos, Campus Montecillo, Montecillo, Mexico, Mexico, 2Centro de 
Investigación y Estudios Avanzados del Instituto Politécnico Nacio-
nal, México, Mexico, 3Universidad Autónoma Chapingo, Chapingo, 
Mexico, Mexico.

Leg problems (tibial dyschondroplasia, angular bone deformities, 
etc.) in broiler chicken production represent a significant part of the 

total costs (1–3%) . They are caused by factors such as rapid growth, 
genetics, egg quality, incubation process, nutrition and environmental 
conditions . Strategies need to be developed to reduce the incidence 
of these problems and to improve well-being of the birds . It has been 
evidenced that antioxidants improve bone health . The allicin from garlic 
shows antioxidant activity . Thus, allicin could improve tibia (TiBS) 
and tendon breaking strength (TeBS) of chickens . The objective of this 
study was to evaluate the effect of different doses of allicin on TiBS 
and TeBS of broiler chickens . A total of 280 one-d-old male chickens 
(Ross 308) were randomly assigned to 4 treatments (7 pen replicates/
treatment): T1 or Control, 0 mg of allicin/kg of body weight (BW); T2, 
1 mg of allicin/kg of BW from 14 to 28 d of age; T3, 2 .5 mg of allicin/
kg of BW from 14 to 28 d of age, and T4, 2 .5 mg of allicin/kg of BW 
from 21 to 35 d of age . Allicin was administrated by esophageal route 
using a pediatric catheter (5-Fr caliber) . All birds were fed with the same 
starter (1 to 21 d) and grower-finisher (22 to 42 d) diet (pelleted diet). 
Right tibias and calcaneus tendons were collected at 21, 28 and 35 d 
of age (8 birds/treatment in each sampling) and subjected to breaking 
strength tests . At 21 and 28 d of age, there were no differences (P > 
0 .05) among treatments in TiBS (21 d, 189 .9 to 204 .8 ± 10 .8 N; 28 d, 
234 .4 to 269 .6 ± 14 .9 N) and TeBS (21 d, 50 .2 to 53 .8 ± 6 .4 N; 28 d, 
75 .3 to 90 .7 ± 10 .7 N) . Although at 35 d of age there were no differences 
(P > 0 .05) among treatments in TiBS (218 .5 to 283 .1 ± 17 .6 N), it was 
observed that chickens in T4 had higher (P ≤ 0.05) TeBS (94.3 ± 9.8 
N) than those in T2 (54 .9 ± 9 .8 N), and T1 (51 .5 ± 9 .8 N) . However, 
TeBS was not different (P > 0 .05) between T4 and T3 (77 .0 N ± 9 .8) . 
It is concluded that the administration of allicin can improve TeBS in 
chickens at d 35 of age .

Key Words: allicin, calcaneus tendon, tibia, breaking strength, 
broiler
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513P   Evaluation of chromium propionate on broiler growth 
performance and processing yields. Thomas Lester*1, Kyle 
Brown1, Christopher Eagleson1, Vanessa Iseri2, and Jason Lee1, 
1Texas A&M University, College Station, TX, 2Kemin Industries Inc., 
Des Moines, IA.

Chromium propionate (Crprop) is an organic mineral that, when supple-
mented into broiler diets, can potentially mediate the effects of stress 
resulting in improvements in growth performance . The objective of the 
study was to evaluate the effects of dietary Crprop on broiler growth 
performance and processing yields . At day of hatch, Ross 708 chicks 
were randomly assigned to 3 treatments (12 reps/treatment; 20 birds/
treatment): control (no Crprop), 100 ppb Crprop, and 200 ppb Crprop . 
Chicks were spray vaccinated and no coccidiostats were included in 
the basal diet . Feed intake, body weight (BW), BW gain, mortality and 
feed conversion was determined at 48 d . In addition, carcass, breast 
and tender yields were determined . The addition of 200 ppb of Crprop 
significantly improved FCR compared with the control diet during the 
starter (1 .44 vs 1 .38) and grower (1 .51 vs 1 .48) phases, and a trend (P 
= 0.076) was observed during the finisher phase (1.79 vs 1.74). As a 
result, significant improvements in cumulative FCR through d 42 (1.61 
vs 1 .58) and d 48 (1 .72 vs 1 .68) were observed in the 200 ppb Crprop 
fed broilers compared with control . The inclusion of 200 ppb Crprop 
significantly increased carcass weight by 100g (P = 0 .043) and yield 
by 1 .48% (P = 0 .006) compared with the control diet . In addition, the 
inclusion of 200 ppb Crprop significantly increased breast weight by 
41g (P = 0 .029) . These data suggest that dietary inclusion of Crprop can 
be advantageous on broiler growth performance and processing yields .

Key Words: chromium, broiler, performance

514P   Effects of broiler breeder dietary zinc source on the 
tibia characteristics and performance of broiler chick offspring. 
Marquisha Paul*, Anthony Pescatore, Tuoying Ao, Michael Ford, 
and Karl Dawson, Alltech-University of Kentucky Nutrition Research 
Alliance, Lexington, KY.

Zinc (Zn) is a trace element and essential nutrient for growth and skeletal 
development . Bioplex Zn (Alltech, Inc .) is a Zn proteinate that has been 
shown to be more bioavailable to chickens compared with inorganic 
sources of Zn . The purpose of this study was to investigate the effects 
of 2 broiler breeder dietary Zn sources (ZnO vs . Bioplex Zn) on tibia 
characteristics and performance of broiler chick offspring . A randomized 
design was used for this trial . A total of 120 Cobb500 broiler breeder 
hens and 10 Cobb broiler breeder roosters were randomly assigned to 
either a corn-soybean meal basal diet with 40 mg Zn/kg diet as ZnO or 40 
mg Zn/kg diet as Bioplex Zn at hatch . During lay, broiler breeders were 
raised in environmentally controlled floor pens with ad libitum access to 
water and nest boxes, but on a daily restricted feeding regimen . Lighting 
was provided at 15L:9D . Each breeder dietary treatment consisted of 5 
rep floor pens (12 hens + 1 rooster/pen). When breeders were 39–40 wk 
of age, fertile eggs were collected and incubated until hatch . At hatch, 
tibia were obtained from 5 replicate straight-run chicks per breeder diet 
and analyzed for morphology and mineral content . Ninety straight-run 
broiler chicks hatched from each breeder diet were randomly assigned to 
10 cages (9 chicks/cage) and fed a corn-soybean meal starter diet . Chick 
performance, tibia morphology, and tibia ash content were obtained at 
the end of 3 wk . At hatch, no effect of breeder dietary Zn source was 
observed on offspring body wt . Chicks from breeders fed Bioplex Zn had 

greater (P < 0 .05) tibia length (28 .3 vs . 27 .0, mm) and tibia distal condyle 
width (4 .61 vs . 4 .25, mm) than chicks from breeders fed ZnO . Chick tibia 
diaphysis width, proximal condyle width, and mineral content (Ca, P, 
Cu, Fe, Mn, Zn) were unaffected by breeder dietary Zn source . At 3 wk 
of age, chicks from breeders fed Bioplex Zn had greater (P < 0 .05) tibia 
proximal condyle width (16 .9 vs . 16 .0, mm) than chicks from breeders 
fed ZnO . No effect of breeder dietary Zn source was observed on tibia 
length, tibia diaphysis width, tibia distal condyle width, tibia ash %, or 
performance of chicks . These results indicate that tibia morphology in 
offspring was positively affected at hatch and up to 3 wk of age when 
Bioplex Zn was fed to broiler breeders .

Key Words: zinc, broiler breeder, offspring, tibia morphology, 
performance

515P   Selenium sources for broiler breeders. Priscila Zorzetto*1, 
Márcio Ceccantini2, Adriana Toscan2, Guilherme Gonçalves2, Fabri-
cia Roque1, and Cristiane Araujo1, 1University of Sao Paulo, Piras-
sununga, Brazil, 2Adisseo Brazil, Sao Paulo, Brazil.

The nutrition for broiler breeders has the objective of maximizing egg 
production and the quality of subsequent progeny . It is essential to 
improve the egg production and egg quality . The animal organism is 
constantly suffering by oxidative stress . Selenium (Se) is considered 
a good antioxidant and has shown to be essential nutrient for broiler 
breeders . This trial was conducted using broiler breeders fed with 2 dif-
ferent sources of Se (organic - selenomethionine and inorganic - sodium 
selenite) to determinate the egg production, divided in 2 cycles, and Se 
composition inside the egg . This study used 216 AP95 Aviagen broiler 
breeders from 55 to 65 weeks of age, in completely randomized design 
with 2 treatments and 27 replications of 4 birds each . Broiler breeders 
fed with organic Se had improved egg production in comparison to 
inorganic Se in both of cycles (P = 0 .038; P = 0 .044) . The selenium 
composition inside the egg and in egg white were higher for organic 
Se in comparison to inorganic Se (P < 0 .001; P < 0 .001) . No effect 
diet for egg yolk were observed (P = 0 .300) . Thus, selenomethionine 
has improved the egg production and has been transferred to the egg 
mainly in the egg white .

Key Words: antioxidant, egg production, oxidative stress, selenome-
thionine, sodium selenite

516P   High-pressure liquid chromatography analysis of choline 
in organic feedstuffs. Darlene Bloxham*1, Mary Formo1, Rebekah 
Scott1, Ricardo Nunes2, and Gene Pesti1, 1University of Georgia, 
Athens, GA, 2Universidade Estadual do Oeste do Parana, Marechal 
Candido Rondon, PR, Brazil.

Choline is a nutrient of interest in poultry nutrition as a methyl donor 
and to reduce instances of perosis in chickens . In recent years, inter-
est in choline has increased due to its potential to spare methionine in 
organic diets. A complete digestion of choline can be difficult due to 
different forms of choline in various feedstuffs . Feed ingredients contain 
both water, fat soluble, and bound forms of choline . The objective of 
this study was to develop choline analysis using high-pressure liquid 
chromatography (HPLC) that can determine choline content in organic 
feed ingredients. Fifteen certified organic feedstuffs were obtained from 
various sources . The 15 individual feedstuffs were digested in 3 mL of 
1 M NaOH for 30 min at 115°C ± 5 and re-digested in 6 mL of 1 M HCl 



189Poult. Sci. 96(E-Suppl. 1)

for 30 min at 115°C ± 5 . Samples were cooled and neutralized to a pH 
of 7 ± 1. Samples were then frozen at −20°C until analysis. To deter-
mine percent recovery samples were digested using 0 .1g as a baseline, 
0 .2g, 0 .1 g + phosphatidylcholine (PTC) added, and 0 .01g + choline 
bitartrate (Chol-bit) added . The 0 .2g percent on average had a percent 
recovery of 97 .4 ± 5 .4% . PTC had the best percent recovery of 100 .1 ± 
8 .4 . Chol-bit had the highest percent recovery of 112 .0 ± 7 .62 . Corn had 
the lowest amount of choline with 556 mg/kg of choline . Canola meal 
had the highest amount of choline with 3208 mg/kg of choline which 
is much lower that the choline content reported in the 1994 NRC (6700 
mg/kg) . There were 2 samples of alfalfa meal from 2 different sources 
with choline values of 1238 and 1201 mg/kg (NRC 1401 mg/kg) . There 
were 2 samples of soybean meal (SBM) with choline values of 2751 and 
2972 mg/kg (NRC 2794 mg/kg) . Wheat middlings had a choline value 
of 1549 mg/kg (NRC 1439 mg/kg) . Field peas, hominy, and barley had 
a choline values of 1165, 1408, and 1565 mg/kg respectively (NRC 642, 
1180, 923 mg/kg respectively) . Analyzed value of sorghum was 531 .1 
mg/kg while the NRC value of sorghum was 668mg/kg . Analyzed value 
of oats was 1112mg/kg while the NRC value was 946 mg/kg . Analyzed 
value of millet was 1248 mg/kg while the NRC value was 1996 mg/kg . 
Flaxseed was analyzed to be 1074 mg/kg with no comparable value in 
the NRC . In conclusion, choline can be analyzed in feed ingredients PTC 
spiking having the best recovery . Choline content varies depending type 
of organic feedstuffs, regardless, this method can be used on a variety 
of feedstuffs and still consitentally quantify total choline .

Key Words: choline, HPLC, organic, feedstuffs

517P   Effects of in ovo administration of l-ascorbic acid on 
broiler hatchability. Haijun Zhang*, Katie Elaine Collins, Oluwa-
seun Durojaye, Seyed Abolghasem Fatemi, and E . Peebles, Missis-
sippi State University, Mississippi State, MS.

Two incubation trials were conducted to determine the possible effects 
of hand or machine injection of different dosages of l-ascorbic acid 
(AA) on hatchability of broiler hatching eggs. In the first trial, a total 
of 702 Ross 708 broiler hatching eggs were hand-injected at 17 d of 
incubation (DOI) with 100 μL sterile saline (0.85%) alone or containing 
0 .5, 1 .5, 4 .5 or 13 .5 mg AA . In the second trial, a total of 2,220 Ross 
708 broiler hatching egg were injected at 17 DOI with an Inovoject 
M semi-automatic multi-egg injector. Eggs were injected with 100 μL 
sterile saline (0 .85%) alone or containing 3 .0, 6 .0, 12 .0 or 36 mg AA . In 
trial 1, AA injection did not affect embryo BW as percentage of set egg 
weight or yolk sac weight as percentage of embryo weight on 19 DOI . 
The hatching time of embryos that received AA in ovo injection ranged 
from 480 to 495 h of incubation, and markedly fewer embryos hatched 
before 20 DOI in comparison to non-injected controls . In both trials, 
hatchability (above 92% and 82% in trial 1 and trial 2, respectively) was 
not significantly affected by injection treatment. However, fertile eggs 
injected with saline containing 4 .5 mg or 3 .0 mg AA had the highest 
hatchability among injection groups . At 21 DOI, in ovo injection of AA 
at 13 .5 mg/egg in trial 1 or 6 .0 mg/egg in trial 2 resulted in a higher BW 
as a percentage of set egg weight . In trial 2, BW as percentage of set 
egg weight and male broiler BW in 6 .0 mg/egg treatment (71 .7% and 
45 .6 g, respectively) were comparably higher (P value, 0 .080 and 0 .054, 
respectively) than that in the non-injected control (70 .9% and 44 .5 g, 
respectively) . Overall, administration of AA may serve as a potential 
approach to facilitate the late development of broiler embryos, and the 
maximal amount of in ovo injection of AA that may be tolerated by 
broiler embryos warrants further investigation .

Key Words: l-ascorbic acid, body weight, broiler embryo, hatchabil-
ity, yolk sac

518P   Evaluation of egg production and egg quality factors 
when supplementing with Mintrex P on post prime aged egg 
layers. Gregory Archer*1 and Pat Welch2, 1Texas A&M University, 
College Station, TX, 2Novus International, Saint Charles, MO.

Trace minerals play a critical role in enzyme activities responsible for 
maintaining egg shell formation which can decrease as a hen ages . The 
risk of a trace mineral deficiency can lead to poor egg shell quality. 
Broiler breeder hens supplemented with MINTREX have previously 
been shown to have an improvement in shell breaking strength and an 
increase in the total number of eggs laid per hen . The objective of this 
study was to determine how supplementing post prime age laying hens 
with Mintrex would affect egg quality and production . Dietary treatments 
included: control standard layer diet (CON), control diet with Mintrex 
added at recommended level (M1: 20 ppm Mintrex Zn, 10 ppm Mintrex 
Cu, 20 ppm Mintrex Mn), control diet with Mintrex added at twice the 
recommended level (M2: 40 ppm Mintrex Zn, 20 ppm Mintrex Cu, 40 
ppm Mintrex Mn) . Each treatment consisted of 24 cages with 3 hens per 
cage . Hens were fed each diet starting at 50 weeks of age and continuing 
for 180 d . Eggshell breaking strength, Eggshell puncture strength, shell 
thickness, haugh unit score, feed conversion was recorded monthly . 
Egg production and egg weights were recorded daily . No statistical 
differences were observed in haugh unit, shell breaking strength, shell 
puncture strength, or shell thickness (P > 0 .05); however, between 61 
and 71 weeks of age M1 (78 .8%, P = 0 .003) hens had a higher percent-
age of hens in lay than CON hens (75 .0%) . The M2 hens showed trend 
(77 .2%, P = 0 .08) for higher percentage of hens in lay during that time 
period tan CON hens . No difference in egg weights or feed conversion 
was observed (P > 0 .05) . These results indicate that supplementation of 
feed with Mintrex in post prime age laying hens may not improve egg 
quality but does improve egg production in the late lay period .

Key Words: egg quality, egg productoin, mineral, laying hen

519P   Effect of dietary levels of phosphorus on the growth per-
formance of Jinghong laying hens of brood time. Boying Dong*, 
Qiugang Ma, Zhiyu Hu, Lihong Zhao, Cheng Ji, and Jianyun Zhang, 
China Agricultural University, Beijing, China.

This study was conducted to explore the effects of dietary phosphorus 
levels on the growth performance of Jinghong laying hens of brood 
time . A total of 720 Jinghong laying hens were sorted by weight at 1 d 
port-hatch and assigned to 6 replicates per diet and 30 hens per repli-
cate . Four diets (group A, B, C, D) were arranged with 4 levels of total 
phosphorus/available phosphorus (0 .445% / 0 .300%, 0 .545% / 0 .380%, 
0 .703% / 0 .460%, 0 .775% / 0 .540%) . The experiment lasted for 6 weeks . 
Average weight, average daily feed intake and average daily gain weight 
of group B, C and D were significantly higher than that of group A (P 
< 0.05), but there was no significant difference among these 3 groups 
(P > 0.05). Tibia length of B group was significantly higher than that 
of group A (P < 0 .05) . Feed conversion ratio of group B, C and D were 
significantly lower than that in group A (P < 0 .05), but there was no 
significant difference among these 3 groups (P > 0 .05), and group B 
was the lowest among these 3 groups . In addition, to brood time, when 
growth performance is the best, and the uniformity of body weight and 
tibia length is the highest, total phosphorus /available phosphorus is 
0 .545% /0 .380%, Ca: TP = 1 .89:1 (Ca: AP = 2 .71:1) . Based on quadratic 
curve model, total phosphorus requirement of each laying hens during 
brood time is 0 .1358~0 .1419g/d; and available phosphorus requirement 
of each laying hens during brood time is 0 .0953~0 .0995g/d .

Key Words: phosphorus, growth performance, Jinghong laying hens, 
brood time, requirements
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520P   Non-phytate phosphorus requirement of broilers fed a 
practical diet with phytase supplementation. Kaixin Zhang*, Huan 
Liu, Keying Zhang, Xuemei Ding, Shiping Bai, Jianping Wang, and 
Qiufeng Zeng, Animal Nutrition Institute, Chengdu, Sichuan, China.

Considering the widespread use of phytase in the diets of broilers to 
maximize phytate phosphorus utilization, and in practical field, broilers 
do not always feed corn-soybean meal, especially in China . Reevaluat-
ing non-phytate phosphorus (NPP) requirements for broilers based on a 
practical diet and phytase supplementation has become a major issue for 
the poultry industry, with economic, environmental, and animal welfare 
implications in China . Therefore, this study was conducted to evaluate 
the NPP requirements of broilers fed a practical diet with phytase supple-
mentation based on growth performance . A total of 660 d-old Cobb male 
broilers were randomly allocated to one of 5 treatments with 12 replicate 
cages of 11 birds per cage in a completely randomized design, and fed a 
practical diet (containing AME 2900kcal/kg and 3000kcal/kg, CP 21% 
and 19%, calcium (Ca) 0 .8% and 0 .7%, NPP 0 .175% and 0 .179% during 
1–21d and 22–42d, respectively) with 1000U/kg phytase . The dietary 
NPP levels was 0 .27%, 0 .30%, 0 .33%, 0 .36%, and 0 .39% during 1 to 
21d of age, and 0 .22%,0 .25%,0 .28%,0 .31%, and 0 .34% for 22 to 24d 
of age . All experimental diets were supplied in pelleted form . All birds 
had free access to water and feed throughout the experimental period . 
The results showed that dietary NPP levels had no significant effect on 
the growth performance of broilers (P > 0 .05) during 1–21d . However, 
feed to gain ratio (F:G) linear increased (P < 0 .05) with the increase 
of dietary NPP levels, and tend to increase linearly feed intake (P = 
0 .0599) for broilers aged from 22 to 42d . For the whole experimental 
period, broilers fed diet with 0 .27%/0 .22% NPP had the same BW of 42 
d (2 .86kg vs 2 .93kg), but a markedly low F:G (1 .74 vs 1 .80, P < 0 .05), 
and low feed intake (4 .90kg vs 5 .21kg, P < 0 .05) compared with the diet 
with 0 .39%/0 .34%NPP . We will further measure the content of Ca and P 
in tibia, keel and clavicle of broilers to establish the NPP requirements .

Key Words: broiler, growth performance, non-phytate phosphorus, 
phytase, practical diet

521P   Effect of chelated copper on growth performance and 
woody breast in broilers. Juxing Chen*, Fenglan Yan, Vivek Kut-
tappan, and Mercedes Vazquez, Novus International Inc., St. Charles, 
MO.

Copper (Cu) has been widely used at high levels as growth promoter 
in poultry . The role of Cu in woody breast has not been widely studied . 
There are different forms of chelated and inorganic Cu sources available 
for the poultry producers to use at different doses. A floor pen study was 
conducted with 468 d-old male broilers to evaluate the effects of Cu 
methionine hydroxy-analog chelate (Cu-MHAC) (Mintrex Cu, Novus 
International, Inc .) on growth performance and incidence of woody 
breast in broilers in comparison to CuSO4 and TBCC . The study con-
sisted of 4 dietary treatments: 15 ppm Cu-MHAC, 30 ppm Cu-MHAC, 
125 ppm CuSO4 and 125 ppm TBCC, each with 9 replicates pens of 13 
birds . The levels of other minerals from inorganic sources were equal 
among all treatments . Nutritionally complete typical US corn soybean 
meal based broiler diets were formulated for starter (0–14 d), grower 
(15–28 d), and finisher (29–42 d) phases. All diets were pelleted, and 
starter diet was crumbled after pelleting . All birds were orally gavaged 
with a coccidiosis vaccine at 10 × the recommended vaccination dose 
on d 15. Breast fillets in broilers at 42 d of age were scored for woody 
breast using 4 points scoring system: 0 = normal; 1 = mild; 2 = moder-
ate; 3 = severe . Woody breast results were analyzed by Chi-squared . 
Performance results were analyzed by one-way ANOVA, means were 
separated by Fisher’s protected LSD test . A P-value ≤0.05 was consid-

ered statistically different . Both 15 and 30 ppm Cu-MHAC improved 
(P < 0 .05) FCR in comparison to CuSO4, and TBCC had intermediate 
FCR during starter phase . Growth performance was not different among 
treatments during grower and finisher phases. Fifteen ppm Cu-MHAC 
reduced (P < 0 .05) the incidence of moderate and severe woody breast 
compared with TBCC; while 30 ppm Cu-MHAC reduced (P < 0 .05) 
the incidence of moderate and severe woody breast compared with 
both CuSO4 and TBCC . In summary, low doses of Mintrex Cu can 
replace high dose of TBCC and CuSO4 without compromising growth 
performance and with benefits of reducing the incidence of moderate 
and severe woody breast in broilers .

Key Words: chelated copper, CuSO4, TBCC, woody breast, broiler

522P   Plateau models for estimating the optimal zinc level in 
the diet of broiler chickens from 1 to 21 days of age. Maria Màrcia 
Sartori*1, Juliana Cristina Rezende2, Jose Sartori2, and Antonio Pez-
zato2, 1São Paulo State University, College of Agricultural Science, 
Botucatu, São Paulo, Brazil, 2São Paulo State University, College 
of Veterinary Medicine and Animal Sciences, Botucatu, São Paulo, 
Brazil.

To estimate the optimal zinc level in the diet of broiler chickens at 21 d 
of age, an experiment was conducted analyzing body weight gain and 
feed intake . It was carried out in a completely randomized experimental 
design with 5 levels of inorganic zinc, which makes 5 treatments with 
7 replicates . The broilers were housed in boxes, and each box was an 
experimental unit with 33 birds . The diets were formulated based on 
corn and soybean meal, as adapted from Rostagno et al . (2011) for 
average performance male broilers, differing only on inorganic zinc 
inclusion (50%, 75%, 100%, 125%, and 150% based on nutritional 
requirement for each phase) . Water and feed were provided ad libitum 
for the entire breeding period . The performance parameters: body 
weight gain and feed intake were evaluated from 1 to 21 d of age . Two 
methods of determining the optimal point were analyzed for different 
zinc levels: quadratic regression analysis and plateau functions, with 
the aid of the statistical program SAS (2002) . The optimum zinc levels 
were overestimated when the quadratic regression method was used for 
the 2 parameters evaluated. For the fit plateau functions, the optimal 
points for the weight gain and the feed consumption were 90% and 104% 
of the zinc requirement, respectively . As for the quadratic regression, 
they were 110% and 122%, respectively. Thus, the fit plateau functions 
results found are closer to the zinc nutritional requirement and lower 
when compared with those obtained by the quadratic regression model . 
This shows that the fit plateau functions mathematical model can help 
reduce the cost of diets by adjusting the best supplementation level of 
this mineral or any other nutrient under study, in comparison with the 
results of the quadratic regression model .

Key Words: regression, broken-line, optimal level

523P   Sources and granulometries of the limestone in the 
initial and growth diets of broilers. Silvana Santos*1, Aliton 
Silva1, João Pedro Silva1, Lucas de Albuquerque1, Leandro de 
Araújo2, and José Vilar Da Silva3, 1Federal University of Paraiba, 
Areia, Brazil, 2Estadual University of Paraiba, Campina Grande, 
Brazil, 3Federal University of Paraiba, Bananeiras, Brazil.

A study was conducted to evaluate the influence in the different 
sources of calcitic limestone, associated with different granulometry 
sizes in the productive performance and bone parameters in the initial 
and growth broiler stages . A total of 1224 chickens (Cobb 500 Slow 
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Feathing) were used in the 8 to 21 d phase; and 504 in the 33 to 42 d 
phase . They were distributed in a completely randomized design in a 
3 × 3 factorial arrangement (3 limestone sources and 3 granulometry), 
totaling 9 treatments with 4 replicates, from 34 birds (8 to 21 d) and 
14 birds (33 to 42 d) . Differences between means were analyzed by 
“SNK” test. The limestones were identified as A, B and C containing 
34, 42 and 36% calcium, respectively, for both phases . The granulom-
etries studied were: Thin (0 .419 ± 1 .9 mm), Commercial (1 .418 ± 1 .6 
mm) and Large (2,334 ± 1 .3 mm) for 8 to 21 d phase, while in the 33 
to 42 d phase the Thin granulometry was replaced by the Thick (2 .695 
± 1 .4mm) . The geometric mean diameter (GMD), geometric standard 
deviation (GSD), solubility sources, performance, economic indexes 
and tibia bone parameters were determined . The source C and the 
Large and Thick granulometries presented the lowest solubilities (P 
≤ 0.05). No interaction effect was observed between the sources and 
granulometries for the performance of 2 phases (P > 0 .05) . However, 
in the initial phase, the C source and the Large granulometry showed 
lower feed intake (FI) (1 .170 kg and 1 .775 kg) The feed conversion 
(FC) was better with the Large granulometry (1 .13 kg / kg) . The C 
source decreased FI while the Thick granulometry decreased FI (1 .979 
kg) and FC (1 .63 kg / kg) . The economic index was improved when 
the Thin granulometry (8 to 21 d) and Thick granulometry (33 to 42 d) 
were used . The bone parameters did not present interaction effect (P > 
0.05) between source and granulometry. The beneficial effects on the 
performance were caused by the low solubility of C source and Large 
and Thick granulometry, because the feed was retained more time in the 
chicken body, providing a better calcium use . The C limestone source is 
the best for broilers, while Large and Thick granulometry are the best 
in the initial and growth phases, respectively .

Key Words: calcium, performance, solubility

524P   Footpad tissue integrity of broiler chickens fed with 
different trace minerals sources and levels. Jorge Muniz1, Leticia 
Bittencourt*2, Rita Donzele1, Juarez Donzele1, Amanda Silva1, Tarci-
sio Tizziani1, Rodrigo Jacob1, and Mariane Marques1, 1Universidade 
Federal de Viçosa, UFV, Viçosa, Brazil, 2DSM, Nutritional Products 
Brazil, São Paulo, Brazil.

The objective of this study was to evaluate the effect of different trace 
mineral sources and levels on the footpad tissue integrity of broiler 
raised in cages from 1 to 42 d of age . A total of 405 one-day-old male 
Cobb 500 were weighted 44 .0 ± 0 .17 g and distributed in a completely 
randomized design consisting of 5 treatments, 9 replicates, and 9 birds 
each . Treatments were consisted of a supplemented control diet enriched 
with iron, manganese, zinc, copper, and selenium at 40, 100, 100, 15, 
and 0 .3 ppm, respectively as sulfates to meet the nutritional guidelines 
recommended by Cobb . Other treatments were consisted of 4 supple-
mentation levels of premix containing carbo-amino-phospho-chelate 
(CAPC) minerals at 100, 80, 60, and 40% of the strength used for the 
control treatment . To analyze the footpad, the right feet was removed 
of 2 birds from each replicate (18 samples / treatment), and the evalu-
ation was based on 3 scoring types: score 0 – footpad with no apparent 
injuries; score 1 – footpad with mild injuries; score 2 – footpad with 
severe injuries . Data were submitted to ANOVA, and means compared 
by Dunnett test at a 5% probability . Sulfate diet was considered as the 
control treatment . Regardless of the supplementation level, replacing 
the total sulfate source by CAPC decreased (P < 0 .01) severe footpad 
injuries on the birds . This reduction was up to 81% using a diet with a 
trace minerals level of 100% of CAPC when compared with the control . 
These results led into a higher percentage of footpads with no injuries in 
broilers fed diets with CAPC minerals . Replacement of mineral source, 

from inorganic to CAPC and the reduction to up to 40% of mineral 
content, compared with control, lead to a reduction on environmental 
impact and with an additional benefit of reduce footpad injuries up to 
42 d of age, thus representing a valuable benefit to broiler industry.

Key Words: poultry, trace minerals, health, skin integrity, nutrition

525P   Effect of zinc oxide sources and doses on broilers under 
heat stress. Agathe Romeo1, Mojtaba Zaghari2, Hossein Mehrvarz2, 
Mohammad Riahi2, Denise Cardoso*1, and Stephane Durosoy1, 1ANI-
MINE, Sillingy, France, 2University of Tehran, Karaj, Iran.

Heat stress is a main concern for poultry producers in tropical and in dry 
countries: in warm environments, feed intake is reduced and mortality 
increased . Zinc is an essential trace element commonly supplied as zinc 
oxide or as zinc sulfate in poultry diet . It would be able to improve the 
immune response and the nutrient digestibility in heat-stressed broilers . 
The aim of the study was to evaluate the effect of a potentiated ZnO 
source on heat-stressed broilers, compared with a standard ZnO source . 
1200 male broilers (Ross 308) were used for the experiment . They were 
divided into 40 pens (30 birds/pen) . After 21 d of age, from 1 until 5 
p .m ., experimental house’s temperature was kept between 28 and 34°C . 
Basal corn soybean meal diets were formulated and supplemented with 
100 ppm of zinc from ZnO (standard practice, NC), 75 ppm of zinc from 
potentiated ZnO (HiZox, HZ75), 100 ppm of zinc from potentiated ZnO 
(HiZox, HZ100) and 125 ppm of zinc from potentiated ZnO (HiZox, 
HZ125) . Growth performance was measured at 7 d, 14 d, 21 d, 28 d 
and at the end of the experiment (42 d) . The mortality was recorded 
throughout the trial . Skin resistance was evaluated at 42 d: 80 birds 
were slaughtered and an incision about 2 cm of length was made in the 
region between the thigh and the back; after defeathering, the incision 
was again measured and the difference before and after defeathering 
was recorded as skin tearing. There were no significant differences in 
growth performance . Concerning the mortality, the potentiated ZnO 
tended to reduce the number of dead birds: around −3% for HZ75 and 
HZ125 (P < 0.06) and around −2.5% for HZ100, compared with the 
group NC (4 .3%) . The skin resistance was also improved in groups fed 
the potentiated ZnO: 3 .0 cm for HZ125, compared with 6 .7 cm for NC 
(P < 0 .07), 3 .6 for HZ75 and 3 .9 for HZ100 . In conclusion, whatever 
the dosage, the potentiated ZnO was more effective than standard ZnO 
to decrease heat stress mortality and to improve skin resistance .

Key Words: zinc oxide, heat stress, skin tearing

526P   Decreasing water-soluble phosphorus excreted via micro-
encapsulation of iron sulfate and alum added in the diet of broil-
ers. Piterson Floradin, Frédéric Guay, and Marie-Pierre Montminy*, 
Laval University, Quebec, QC, Canada.

Soluble P is highly bioavailable to macrophytes and algae and therefore 
readily affects water quality . Phosphates are commonly removed from 
municipal and industrial wastewater by precipitation with multivalent 
metals . Considering the cost of this practice if apply on manure, diet 
supplementation with these divalent cations could be an alternative . The 
impact of iron sulfate and alum micro encapsulated added in broiler diet 
on water-soluble P (WSP) excretion and phosphorus (P) and calcium 
(Ca) retention was studied . Experimental diets are a positive corn soy-
bean meal based control diet (C+) containing all nutrient requirements, 
a negative control diet (C-) with 30% less dietary non-phytate P (NPP; 
0 .24%) and Ca (0 .48%), and 8 other diets consisting in C- supplemented 
with 4 levels of iron sulfate (16, 26, 36, and 46 ppm Fe) or alum (7, 
12, 17, 22 ppm Al) micro-encapsulated (30% mineral compound and 
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70% lipid matrix) . Six males broiler of 14 d-old, were assigned to 1 of 
10 diets with 6 cages per diet . Birds were weighted at d 14 and 28 and 
total excreta were collected from d 24 to 28 . Data were analyzed as a 
randomized complete block design with PROC MIXED of SAS . Diet 
did not significantly affect growth performance except a reduction of 
ADG (P = 0 .04) in C- compared with C+ due to lower dietary NPP . P 
and Ca ingested, retained, and excreted as well as retention efficiency 
were not modified by the addition of iron sulfate or alum, while C+ 
ingested, retained and excreted more P and Ca then C- (P < 0 .001) 
with similar efficiency. Iron sulfate addition showed a linear (P < 0 .01) 
and quadratic (P < 0 .01) response on the WSP excretion indicating 
that 26 ppm resulted in the maximum WSP reduction (−24% relative 
to C-) followed by 36, 46, and 16 ppm (respectively, −12, −11 and 
−4%). Alum supplemented diets also showed linear (P = 0 .001) and 
quadratic effect (P = 0 .014) with WSP decreases of 15, 15, 19 and 16% 
with the increase of the dose compared with C- . In conclusion, WSP 
excretion is decreased as expected and this without modifying growth 
performances and P retention indicating that P is insolubilized after the 
main absorption sites .

Key Words: water-soluble phosphorus, iron, alum, broiler

527P   Dietary supplementation of water-soluble vitamins 
for white commercial layers from 28 to 44 weeks of age. Sandra 
Salguero Cruz*, Dandara Felix de Oliveira, Gabriel Viana, Valdir 
Ribeiro Junior, Luis Albino, and Horacio Rostagno, Federal Univer-
sity of Viçosa, Vicosa, Minas Gerais, Brazil.

An experiment was conducted to evaluate the effects of dietary supple-
mentation of water-soluble vitamin levels for white commercial layers 
from 28 to 44 weeks of age . A total of 300 28-week-old Hy-Line W-36 
layers were randomly assigned to 6 treatments with 10 replicates of 
5 hens each . A basal diet was formulated based on corn and soybean 
meal to meet white commercial layer nutrient requirements, except for 
water-soluble vitamins . The experimental treatments consisted of 0%; 
33 .3%; 66 .7%; 100 .0%; 133 .3% and 166 .7% of water-soluble vitamin 
supplementation recommended by the Brazilian Tables for Poultry and 
Swine (vitamin B1, 1 .5 mg/kg; vitamin B2, 4 mg/kg; vitamin B6, 1 .7 mg/
kg; vitamin, B12 0 .013 mg/kg; folic acid, 0 .5 mg/kg; pantothenic acid, 
10 mg/kg; niacin, 25 mg/kg; biotin, 0 .05 mg/kg; choline, 220 mg/kg) . 
Data were analyzed as one-way ANOVA using the statistical package 
SAS 9 .4 (SAS Institute, 2012) . Orthogonal polynomial contrasts were 
used to determine linear and quadratic effects of water-soluble vitamin 
levels on layer performance and egg quality . Water-soluble vitamin 
supplementation elicited a quadratic response (P < 0 .05) in feed intake, 
egg production, egg weight, egg mass, feed conversion per kilogram 
of eggs and per dozen of eggs, which were optimized by the level of 
112 .67%, 111 .89%, 115 .59%, 112 .27%, 115% and 105%, respectively . 
Albumen and yolk percentage and Haugh unit, as well as performance 
data, were quadratically influenced (P < 0 .05) by water-soluble vitamin, 

being optimized at 116 .5%, 145 .5% and 117 .5%, respectively . Eggshell 
percentage, thickness and strength, as well as specific gravity and albu-
men height were unaffected (P > 0 .05) by dietary treatments . Based on 
results, the estimated ideal water-soluble vitamin supplementation for 
optimum white commercial layers performance from 28 to 44 weeks 
of age is 115 .59% of Brazilian Tables for Poultry and Swine recom-
mendations .

Key Words: egg quality, performance, nutritional requirements, 
vitamins

528P   The limestone origin alters the availability and the 
calcium requirement for broilers. Lucas de Albuquerque2, Silvana 
Santos*1, Aliton Silva2, Flávio Soares De Lima1, Thiago Melo2, and 
José Vilar Da Silva2, 1Federal University of Paraiba, Bananeiras, 
Brazil, 2Universidade Federal da Paraíba, Solânea, Brazil.

The aim was to estimate the requirements and biological availability 
of calcium of limestones extracted from Brazilian Northeast deposits . 
A total of 975 male broilers (Cobb-500 strain) weighed at 8 d of age, 
193 ± 0 .44 g, and distributed in completely randomized design in 4 × 3 
+ 1 factorial arrangement (4 limestone sources × 3 calcium levels + 1 
basal calcium level), resulting in 13 treatments with 5 replications of 15 
birds . Commercial samples of the following limestones were studied: 
(A) calcium carbonate (metamorphic origin) with 38 .9% Ca2+, theoreti-
cally the standard source with 100% of calcium available; (B) calcitic 
limestone of sedimentary origin (IMAP) with 41 .82% Ca2+; (C) calcitic 
limestone of metamorphic origin (sample 1) with 34 .00% Ca2+, and (D) 
calcitic limestone of metamorphic origin (sample 2) with 35 .90% Ca2+ 
that replaced kaolin from basal diet for provide increased calcium levels 
(0 .40, 0 .62, 0 .84 and 1 .06%) . The in vitro solubilities were determined in 
0 .2 N HCl . The performance and bone resistance of tibia were evaluated . 
Calcium requirements were estimated by polynomial regression and 
availability by slope ratio tecnique . The source means were evaluated 
by Tukey test (P ≤ 0.05). The WG and bone resistance of tibia were 
highest (P ≤ 0.05) in broilers receiving diet with limestone B, however, 
the FCR was not changed (P > 0 .05) The B limestone improved the FC 
in compare with the A and D limestones (P ≤ 0.05). The limestone aver-
age solubilities were 90 .02, 56 .31, 48 .38 and 48 .11%, while the calcium 
average requirements were 0 .88, 0 .75, 0 .82 and 0 .97%, and average 
availabilities were 100, 121, 83 and 74%, respectively for A, B, C and 
D limestones sources . The calcium bioavailability and requirement for 
broilers of 8 to 21 d of age are affected by the limestone origin . The B 
limestone calcium, of sedimentary origin, is more available and their 
inclusion in the initial diet requires less limestone and calcium to attend 
the broilers requirements than the inclusions of limestone A, C and D 
of metamorphic origins .

Key Words: bone parameter, limestone solubility, performance
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Microbiology and Food Safety

529P   The effect of antibiotic, probiotic, and prebiotic (Dia-
mond Original XPC) in reducing colonization of Campylobacter 
jejuni in intestine of broilers. Nazanin Soltani2, Shaban Rahimi*2, 
and Pejvac Khaki1, 1Razi Vaccine and Serum Production Research 
Institute, Karaj, Alborz, Iran, 2Tarbiat Modares University, Tehran, 
Tehran, Iran.

The research was conducted to evaluate the effect of antibiotic, probiotic 
and prebiotic (diamond Original XPC) on growth performance and 
reducing colonization of Campylobacter jejuni in intestine of broiler 
chickens challenged with this bacterium . In this study 560 d-old male and 
female (equally from each sex) broiler chicks (Ross 308) were divided 
into the 10 treatments with 4 replicates of 14 chicks per replicate in a 
completely randomized design . Treatments 1 to 8 received following 
additives: 1: antibiotic (0 .5g/kg); 2: probiotic (1g/kg in starter and grower 
diets, and 0.5 g/kg in finisher diet); 3,4: prebiotic (0.3, 0.15 g/kg). Treat-
ments 5 to 8 were received similar diets as treatments 1–4 but they have 
been challenged (oral gavag) with 1 × 107 (cfu/ mL) of Campylobacter 
jejuni at 21 d of age . Treatments 9 and 10 were negative and positive 
control, respectively. Probiotic group showed significant reduction of 
C. jejuni in intestine of broilers compared with positive control group 
(P ≤ 0.05). The highest FCR was observed in treatment 7 and the lowest 
in treatments 3 and 5 (P ≤ 0.05). The lowest and highest feed intake 
were seen in groups 4 and 6, respectively (P ≤ 0.05). Treatment 6 had 
the highest and treatments 4 and 9 had the lowest body weight gain (P 
≤ 0.05). The results of this study indicated that probiotic and prebiotic 
could be effective in reduction of C. jejuni colonization in intestine of 
broilers and improve growth performance of these birds .

Key Words: Campylobacter jejuni, broiler, probiotic, prebiotic, 
antibiotic

530P   Isolation of Salmonella from carcasses in a commercial 
quail processing plant over a six-month period. Nelson Cox2, 
Douglas Cosby2, Harshavardha Thippareddi1, Casey Ritz1, Mark 
Berrang2, Jeromey Jackson1, Susan Mize2, Sanjay Kumar1, Amanda 
Howard1, Angela Rincon1, Mayuri Ukidwe1, Melissa Landrum*1, 
Johnathan Frye2, Jodie Plumblee2, Lari Hiott2, 1University of Geor-
gia, Crawford, GA, 2The U.S. National Research Center, Athens, GA.

There is very little published information on the presence of Salmonella 
on commercially processed quail (Coturnix coturnix) . The objective of 
this study was to determine the prevalence of naturally occurring Sal-
monella on commercially processed quail . On each of 9 replicate plant 
visits 5 or 10 quail carcasses were obtained just before chilling and the 
application of any chemical interventions . Carcasses were transported 
to the laboratory on ice, individually bagged, and hand rinsed for 60 s 
in 200 mL buffered peptone water (BPW) . A 30 mL aliquot of rinsate 
was transferred to a sterile tube and incubated at 37°C for 24 h . Then 
0 .5 mL was transferred into TT broth (Hajna and Damon) and 0 .1 mL 
into Rappaport-Vassiliadis (R-10) broth and incubated at 42°C for 24 
h . After incubation 10 µL of each broth was streaked for isolation onto 
brilliant green sulfa and XLT-4 plates and incubated for 24 h at 37°C . 
Three typical colonies were selected, and screened biochemically 
and serologically confirmed to be Salmonella . Nine replications were 
conducted over a 6-mo period . Of the 85 quail samples analyzed, 19 
(22 .4%) were positive for Salmonella . There was considerable variation 
from one sampling period to the next . Four replications were negative 
for Salmonella and one replication was positive for all 10 samples . The 
remaining 4 replications had 1 to 4 positives out of 10 carcasses sampled . 

All of the recovered Salmonella isolates were serotyped as Salmonella 
Typhimurium. Future work is planned in the breeder flocks, hatchery 
and grow out facilities . These studies will further the understanding 
of Salmonella ecology and may also be useful to the broiler industry .

Key Words: Salmonella, quail, processing

531P   Effect of supplementation of trans-cinnamaldehyde with 
or without oxytetracycline on multidrug-resistant Salmonella 
Heidelberg in turkey poults. Divek V . T . Nair*, Jijo Vazhakkattu 
Thomas, and Anup Kollanoor Johny, University of Minnesota, Saint 
Paul, MN.

Feeding sub-therapeutic doses of antibiotics to food animals, including 
poultry, could potentially result in the selection of antibiotic-resistant 
bacteria . With the phase-out of antibiotics from production systems, 
potential alternatives to antibiotics alone or in conjunction with low 
dose antibiotics could be beneficial. In the current study, we examined 
the effect of supplementation of low dose of trans-cinnamaldehyde 
(TC; 0 .03%), a GRAS-status plant-derived compound, with or with-
out oxytetracycline (OTC; 16µg/mL), an anti-30S ribosomal subunit 
targeting antibiotic, on the multidrug resistant (MDR) S . Heidelberg 
(SH) colonization in the cecum, and invasion of internal organs . Two 
independent studies were conducted . In each experiment, 72, straight 
run, day-old, commercial Hybrid Converter turkey poults were randomly 
assigned to 6 treatments of 12 birds each: Negative Control [-SH, -TC, 
-OTC, −0.06% Miglyol (MIG, diluent)], Positive Control (+SH, -TC, 
-OTC, -MIG), MIG Control (+SH -TC, -OTC, +MIG), TC Group 
(+SH, +TC, -OTC, +MIG), OTC group (+SH, -TC, +OTC, -MIG), and 
TC+OTC group (+SH, +TC, +OTC, +MIG) . OTC was supplemented 
from d 1 through drinking water throughout the experiment . All birds 
were challenged on d 7 with 6 log10cfu of SH through crop gavage . The 
birds in TC and TC+OTC groups were supplemented with TC from d 
8 to d 14 through drinking water . On d 9, 2 birds from each group were 
sacrificed to ensure SH colonization. On d 14, all remaining birds were 
euthanized to collect cecum, liver, and spleen for pathogen recovery . 
TC at 0 .03% (25 times lower than the feed supplementation dose) was 
highly effective in reducing MDR SH colonization in turkey poults (P 
< 0 .05) compared with the SH control (>4 .5 log10cfu/g reduction) on d 
14 (18 birds) . The OTC supplemented group reduced the pathogen load 
by 2 .5 log10 cfu/g by d 14 (18 birds) . TC enhanced the effect of OTC to 
reduce pathogen load by ~3 .9 log10cfu/g, compared with the SH control 
(d 14). In addition to the cecal counts, TC significantly reduced the inva-
sion of SH into liver and spleen, compared with the SH control on d 14 
(18 birds) . Results of the study indicate that TC at low concentrations 
could be used to control MDR SH in turkeys .

Key Words: Salmonella Heidelberg, trans-cinnamaldehyde, oxytet-
racycline, poult

532P   Antimicrobial wash with trans-cinnamaldehyde nano-
emulsion reduces Campylobacter jejuni on chicken skin. Abhinav 
Upadhyay*1, Basanta Raj Wagle1, Sandip Shrestha1, Indu Upad-
hyaya1, Komala Arsi1, Kanika Bhargava2, Annie Donoghue3, and Dan 
Donoghue1, 1University of Arkansas, Fayetteville, AR, 2University of 
Central Oklahoma, Edmond, OK, 3USDA-ARS, Fayetteville, AR.

Campylobacter jejuni is a major foodborne pathogen that causes severe 
enteritis in humans largely due to consumption of contaminated poultry 
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products . Reducing C. jejuni contamination on chicken carcasses would 
reduce subsequent human infections. This study investigated the effi-
cacy of Trans-cinnamaldehyde (TC; generally recognized as safe status 
antimicrobial from cinnamon bark) as a wash treatment for reducing C. 
jejuni on chicken skin . In addition, the effect of TC treatments on chicken 
skin color was analyzed using Chroma meter (CR 400/410, Konica 
Minolta, NJ) . Chicken skin samples (5 cm × 5 cm) were spot inocu-
lated with a 4-strain cocktail of C. jejuni (~6 log cfu/sample) followed 
by attachment time of 30 min at room temperature . Subsequently, the 
inoculated skin samples were treated with 0 .5, 1% TC treatments (normal 
or nanoemulsion form) either with or without application of shaking for 
1, 3, and 5 min . The treated samples were drip dried for 2 min and the 
number of surviving C. jejuni on chicken skin were enumerated . Each 
treatment had 5 samples and the study was repeated 2 times . The data 
were analyzed using ANOVA with GraphPad Prism ver . 6 . Differences 
between the means were considered significantly different at P < 0 .05 . 
TC 0.5 and 1% dip treatments did not significantly reduce C. jejuni 
counts on chicken skin even after 5 min of dipping time . However, the 
nanoemulsion form of TC at 0.5 and 1% significantly reduced C. jejuni 
counts by ~1 .8 log and 2 log cfu/mL after 1 min of dipping treatment 
(P < 0 .05) . Increasing the contact time of TC nanoemulsions from 1 to 
3 or 5 min did not further reduce the counts of C. jejuni on skin (P > 
0 .05) . Shaking of skin samples in antimicrobial treatments enhanced 
the antimicrobial efficacy of both normal and nanoemulsion form of 
TC . By 5 min of treatment time, both normal and nanoemulsion form 
of TC at 0 .5 and 1% reduced C. jejuni counts by at least 2 .6 and 2 .7 log 
cfu/ml respectively . There was no change in the color of skin treated 
with TC (P > 0 .05) . Results suggest that TC (normal and nanoemulsion 
forms) can be used as antimicrobial wash treatments for reducing C. 
jejuni survival on chicken skin. Follow up analysis testing the efficacy 
of TC on chicken wingettes is currently underway .

Key Words: post-harvest food safety, Campylobacter jejuni, trans-
cinnamaldehyde, nanoemulsion, antimicrobial wash

533P   Poultry serovar Salmonella biofilm formation at the air-
liquid interface in media of differing compositions and environ-
mental incubation conditions. Zhaohao Shi, Peter Rubinelli, and 
Steve Ricke*, University of Arkansas, Fayetteville, AR.

Bacterial pellicles, biofilms formed at the air-liquid interface, are durable 
structures composed of cellulose and proteins arranged in a matrix . 
Bacterial biofilms present a constant problem in the poultry processing 
industry by serving as reservoirs of contamination, resisting attempts 
to remove them and ultimately persisting in the environment . In this 
study, the growth of bacterial pellicles of Salmonella enterica serotypes 
Enteritidis and Typhimurium was examined in Luria-Bertani media of 
different compositions and under aerobic and anaerobic conditions that 
might be encountered in poultry product environments . Isolates of Sal-
monella Enteritidis and Typhimurium from retail poultry samples were 
inoculated into media consisting of LB Miller broth, LB broth without 
salt, LB broth with potassium chloride replacing sodium chloride, LB 
broth with glucose (2%) without salt, and LB broth with sucrose (2%) 
without salt . Cultures were grown in static media at room temperature 
in aerobic and anaerobic environments . Pellicles were removed after 
several days of growth, oven-dried, and weighed to quantitate the dif-
ferences between pellicles grown under these different conditions . Pel-
licle weights were normalized with OD600 nm readings . Under aerobic 
conditions, pellicles of similar weights were formed in LB without salt 
(2 .65 ± 0 .72 mg/O .D . 600) and LB with sucrose (3 .03 ± 0 .81 mg/O .D . 
600) after 96 h of growth . LB with potassium chloride formed less 
substantial pellicles (1 .47 ± 1 .27 mg/O .D . 600) after 120 h of growth . 
No pellicles were observed after 120 h of growth in LB Miller broth 

and LB with glucose or in any medium under anaerobic conditions . 
Salmonella Kentucky cultures were observed to have developed greater 
pellicle weights (3 .35 ± 0 .74 mg/O .D . 600) than Salmonella Enteritidis 
cultures (2 .34 ± 0 .18) indicating that there may be strain differences in 
pellicle formation . Understanding the differences between Salmonella 
strains and their growth environments may be useful in the future 
development of more targeted treatments for controlling biofilms in 
poultry processing .

Key Words: Salmonella, biofilm, pellicle, poultry

534P   Effect of pressure and rotation speed of tumbling on 
shelf-life of chicken breast in vacuum tumbling. Reza Jahani, 
Zohreh Hamidi Esfahani*, Hassan Ahmadi, and Shaban Rahimi, 
Tarbiat Modares University, Tehran, Iran.

Considering the large demand for marinated chicken breast meat, 
marinating is one of the most important processes in poultry industry . 
Moreover, tumbler machine plays an important role, in view of quality 
and economics, in marinating in industrial scale . In this study, 50 kg 
of chicken breast and 10 L of 3% marinating powder (meat base) were 
tumbled in a tumbler machine . Consequently, 9 runs of tumbling were 
performed at different values of vacuum percentage (70%, 80% and 
90%) and rotation speed (14, 16 and 18 rpm), with the rest of parameters 
been fixed. Accordingly, the following properties were investigated: fat 
oxidation, pH, shear force value, expressible moisture value, surface 
color (= redness, = yellowness and = lightness) at 2 times (after marinat-
ing and after aging), and microbial characteristics at 3 times (after mari-
nating, after aging and at the end of the storage) . The results indicated 
maximum reduction in microbial count at the rotation speed and vacuum 
percentage of 18 rpm and 80%, respectively . Moreover, considering pH 
and fat oxidation, the rotation speed and vacuum percentage of 18 rpm 
and 90%, respectively, were recommended to achieve optimum outcome . 
This is while the rotation speed of 16 rpm and vacuum percentage of 
90% showed the best results in terms of expressible moisture and color .

Key Words: vacuum tumbling, marinating, chicken breast, rotation 
speed

535P   Inhibitory effect of two indigenous Bacillus strains on 
growth of some plant pathogenic fungi and mycotoxins reduc-
tion. Fatemeh Siahmoshteh1, Zohreh Hamidi Esfahani*1, Moham-
mad Razzaghi-Abyaneh2, and Shaban Rahimi1, 1Tarbiat Modares 
University, Tehran, Iran, 2Department of Mycology, Pasteur Institute 
of Iran, Tehran, Iran.

Food and agricultural products are always exposed to fungal contamina-
tion in the field or during storage. These fungi could produce hazardous 
toxins such as aflatoxin, the most carcinogenic mycotoxin and ochra-
toxin A as a nephrotoxic and carcinogenic mycotoxins . In the present 
research the biological control of the fungi by 2 pistachio orchard-soil 
bacteria were determind . After proving of being antagonist against 
broad spectrum of pathogenic fungi, aflatoxin (AFB1 and AFG1) and 
ochratoxin A (OTA) reduction in liquid medium was investigated at 
different intervals . According to results, both Bacillus strains were able 
to inhibit the growth of A. parasiticus, A. carbonarius, P. expansum, F. 
graminearum, F. verticilloidesand F. oxysporum . The bacterial strains 
also could reduce the toxins in liquid medium . The toxin reduction 
was time-dependent phenomenon . The order of reduction rate in liquid 
medium was: OTA > AFG1 > AFB1 .

Key Words: inhibitory effect, pathogenic fungi, aflatoxin, ochratoxin 
a, biocontrol
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536P   A combined 16S microbiome and culture-based analysis 
of foodborne pathogens throughout the entire lifecycle of a single 
pastured-raised broiler flock. Michael Rothrock*1, Aude Locatelli1, 
Kelli Hiett1, and Andrew Caudill2, 1USDA-ARS, Athens, GA, 2Univer-
sity of Georgia, Athens, GA.

While conventionally grown poultry continues to dominate the US 
poultry industry, there is an increasing demand for locally grown, “all 
natural” alternatives. Unfortunately, limited research has been done 
on this type of poultry management practice, and thus many of these 
management effects on the environment, poultry products, and human 
health is unknown . The use of next generation sequencing allows for 
not only the gross (e.g., community structure) but also fine-scale (e.g., 
genera abundances) examination of complex microbial communities . 
Utilizing these technologies can provide a better understanding of the 
poultry microbiome and how it changes throughout a flock’s life cycle 
to better elucidate not only the overall microbial ecology of these 
communities, but specifically the ecology of the foodborne pathogens 
inherent within poultry production . Broiler samples were taken during 
the entire flock life cycle, including Hatchery, Brood, Pasture, Process-
ing, and Final Product, as well as samples from other farm animals 
in close contact with the broilers . Genomic DNA was extracted, 16S 
microbiomic profiles were generated (Illumina MiSeq), and microbi-
omes were analyzed and compared using QIIME 1 .91 to determine 
how microbiomes shifted throughout production continuum, as well as 
what environmental or management factors may be influencing these 
shifts . Salmonella, Campylobacter, and Listeria were isolated from 
environmental samples, especially during the Processing and Final 
Product stages. Significant microbiome shifts occurred during the life 
cycle of this broiler flock, with microbiomes clustering based on sample 
type and stage of production continuum. Additionally, while this flock 
was considered “free-range” with access to and contact with other farm 
animals, the poultry fecal microbiomes remained distinct from the non-
poultry animals throughout their lives .

Key Words: microbiome, pasture-raised, broiler, Salmonella, 
Campylobacter

537P   Plant-derived antimicrobial eugenol modulates C. jejuni 
proteome and virulence critical for colonization in chickens. 
Indu Upadhyaya*1, Abhinav Upadhyay1, Komala Arsi1, Rohana 
Liyanage1, Annie Donoghue2, Narayan Rath2, and Dan Donoghue1, 
1University of Arkansas, Fayetteville, AR, 2USDA, Fayetteville, AR.

Campylobacter jejuni is an important foodborne pathogen that causes 
severe diarrhea in humans . Chickens act as the reservoir host for 
Campylobacter, wherein the pathogen colonizes the ceca leading to 
contaminated poultry products during slaughter . The potential of natu-
ral intervention strategies, including plant-derived antimicrobials have 
been investigated to reduce chicken cecal colonization of C. jejuni. 
However, the underlying molecular mechanisms of these strategies 
are still unknown . This study investigated the effect of eugenol (a 
generally recognized as safe status phytochemical obtained from clove 
oil), on the whole cell proteomic profile of C. jejuni . In addition, the 
effect of eugenol on factors critical for cecal colonization (bacterial 
motility, attachment to epithelial cells) in chickens were studied using 
0 .4% agar for a motility assay and cell culture analysis using chicken 
primary enterocytes isolated from broilers . C. jejuni (strain S-8, isolated 
from commercial broilers) was cultured in the presence or absence 
(control) of sub-inhibitory concentrations of eugenol (0 .01%) for 24 h 
followed by SDS-PAGE based protein extraction . The effect of euge-
nol on expression of C. jejuni proteome was quantified using LC-MS/

MS analysis followed by targeted proteomics and data analysis using 
Scaffold Proteomic software . The experiment was conducted 3 times 
and the samples were run in triplicates . Whole cell proteomic analysis 
identified more than 600 proteins in C. jejuni with many virulent proteins 
modulated by eugenol . The major groups of proteins that were identi-
fied contribute to physiological process (sensory systems, biological 
regulators, developmental processes) and virulent attributes (motility 
systems, adhesion, quorum sensing) in C. jejuni. Eugenol reduced the 
expression of major virulence proteins contributing to biological adhe-
sion (PorA, CadF), motility system (MotA, MotB, FliA, FliD, FliF, fliL, 
fliY), energy taxis (IlvH, CetA, CetB), molecular transport (TatA, TatB, 
TolB) and Quorum sensing (LuxS) when compared with controls (P < 
0 .05) . Follow up motility and attachment assays revealed that eugenol 
was effective in reducing the motility (>50% reduction) and attachment 
of C. jejuni to primary chicken enterocytes (P < 0 .05) . Overall, these 
results delineate the prospective mechanism of action of eugenol on C. 
jejuni and the potential of using this phytochemical to control C. jejuni 
colonization in chickens

Key Words: Campylobacter, eugenol, chicken enterocytes, 
proteomics

538P   Eggshell cuticle plug protection against invading patho-
gens in table eggs. Garima Kulshreshtha*1, Alejandro Rodriguez-
Navarro2, Estefania Sanchez-Rodriguez2, and Maxwell Hincke1, 
1University of Ottawa, Ottawa, ON, Canada, 2Universidad de 
Granada, Granada, Spain.

Food safety of table eggs is important since many pathogens can con-
taminate the unfertilized egg leading to the risk of food borne illness 
for consumers. The eggshell cuticle is the first line of defense to restrict 
the entry of egg-associated pathogens such as Salmonella Enteritidis 
through respiratory pores . The thickness and completeness of coverage 
of the cuticle layer are heritable traits that are strongly associated with 
egg resistance to bacterial penetration . The present study characterizes 
the chemical composition, proteome and antimicrobial activity of cuticle 
plugs from table eggs . Eggs collected from both brown and white egg 
laying Lohmann flocks (28–29, 48 or 70 weeks) were either unwashed or 
washed . Cuticle pore plugs were characterized using scanning electron 
microscopy (SEM) and elemental composition was determined using 
energy-dispersive x-ray spectroscopy (EDS). SEM confirmed that the 
plug formed by the cuticle layer within the eggshell pore remains firmly 
lodged throughout the commercial washing process . ImageJ software 
was used to measure the egg shell thickness, plug width, pore length and 
plug length from 3 cuticle pore plugs/egg . Cuticle plugs were longer in 
brown unwashed eggs and wider in brown washed eggs at 48 weeks (P 
≤ 0.05, n = 9). The egg shell thickness and cuticle pore length visual-
ized in brown eggs was significantly higher (P ≤ 0.05, n = 9) than white 
eggs. No significant differences were observed in other parameters of 
the cuticle pore plugs . A sub-set of samples were used for EDS analysis 
and the pore inner surface was verified to be chemically different from 
the surrounding eggshell mineral . The phosphorus content in the pore 
plugs of white eggs was higher than that of brown eggs (P ≤ 0.05, n = 
9) . Detailed assessment of alterations in the chemical composition of 
the cuticle will be performed by Fourier transform infrared spectroscopy 
(FTIR) . The results from our research will assist selective breeding 
programs that target cuticle plug stability to enhance egg resistance to 
pathogen penetration and improve food safety .

Key Words: eggshell, cuticle pore plugs, pathogens, proteomics, 
antimicrobial
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539P   Characterization of mixed bacterial populations in 
chicken ceca recovered from colonies on Campylobacter selective 
commercial media using 16S rRNA next generation sequencing. 
Sunae Kim2, Si Hong Park2, Amanda Wolfenden2, Billy Hargis2, 
Hilary Pavlidis1, Don McIntyre3, and Steve Ricke*2, 1Diamond V, 
Virginia Beach, VA, 2University of Arkansas, Fayetteville, AR, 3Dia-
mond V, Cedar Rapids, IA.

Campylobacter is one of the most prominent foodborne pathogens and a 
major cause of foodborne illness associated with poultry product . Both 
Campy Cefex selective agar and CHROMagar Campylobacter have 
been widely utilized to detect and isolate Campylobacter selectively 
in food and clinical specimens . The aim of the present study was to 
identify all microorganisms which could grow in both media using 16S 
rRNA- based Illumina MiSeq next generation sequencing . Chicken ceca 
collected from 15 birds were plated onto duplicate plates of Cefex and 
CHROMagar . All colonies present on media were collected from a total 
of 60 plates and subjected to sequencing analysis . Bacterial DNA were 
successfully extracted from pooled colonies on 27 Cefex agar plates 
and 18 CHROMagar plates, respectively. There were no significant 
differences in the relative abundances of Campylobacter between Cefex 
(60 .09%) and CHROMagar (59 .74%) . Campylobacter DNA could not 
be recovered from 12 out of 30 CHROMagar plates, while DNA could 
not be recovered from 3 plates of Cefex media . Cefex media appeared to 
be more favorable for isolating Campylobacter DNA than CHROMagar . 
Average abundance of Campylobacter in all media based on sequencing 
(45 plates in total) was 41 .41% along with non-Campylobacter such as 
Enterococcus (38 .64%), Lactobacillus (5 .13%), Oscillospira (4 .50%), 
Bacteroides (1 .97%), Ruminococcus (1 .54%) also occurring consistently 
on these same media . This indicates that Campylobacter selective agar 
can support growth of a mixed taxonomic consortia of bacterial com-
munities . This may impact the quantitative estimation of Campylobacter 
populations from complex matrices such as chicken ceca .

Key Words: Campylobacter, poultry, sequencing, selective media

540P   Bacterial populations relative to ammonia-capture 
systems in poultry research housing. Lorna Graham*1, Fawzy 
Hashem1, Felix Buabeng1, and Patricia Millner2, 1University of 
Maryland Eastern Shore, Princess Anne, MD, 2US Department of 
Agriculture, Beltsville, MD.

Ammonia volatilized during confined poultry production can adversely 
impact birds and workers health, and ambient air quality from poultry 
houses . In this study, effects of a novel ammonia removal technology on 
populations of total aerobic bacteria, fecal coliforms, and Enterococcus, 
Salmonella, and Listeria were examined in poultry litter (PL) during 
4 production cycles . Ammonia removal technology consisted of gas-
permeable membrane modules (GPMM), which supplemented standard 
ventilation of 20’ × 20’ rooms housing 400 birds each; flock/5-weeks 
(chick-to-maturity) . At 7-d intervals, 8 composite PL samples (~100g, 
2- to 4-cm depths) were collected randomly in control (GPMM−) and 
experimental (GPMM+) rooms . Samples (30g PL) suspended in 120mL 
buffered peptone water were plated on selective nutrient agars appro-
priate for each bacterial species . Results showed average, ammonia 
concentration spanned 15 .4 to 38 .8 mg/L in GPMM− and 7 .4 to 21 .8 
mg/L GPMM+ for all flocks. Room temperatures ranged 20–25°C; and 
PL moisture content ranged 25 .9–30 .7% (GPMM+) and 21 .9–26 .5% 
(GPMM−) . Average total aerobic bacteria and fecal coliform populations 
were reduced 5 .0% and 5 .2% in GPMM− and GPMM+, respectively . 
Average Enterococcus populations in GPMM+ increased 11 .6% com-
pared with those in GPMM− . Salmonella were not detected in either 
treatment; Listeria were detected in all rooms for all samplings with more 

frequently presence in GPMM+ than in GPMM− . Results show GPMM− 
ammonia removal technology minimally affected total aerobic bacterial 
and fecal coliform populations, and moderately increased Enterococcus 
and Listeria . Results can aid poultry producers and growers considering 
PL fertilizers and soil conditioners and compost . Future investigations 
using enrichments for Salmonella and enumeration of Staphylococcus 
are needed . Overall, further detailed studies are needed to characterize 
the microbial, nutrients, and associated factors in PL to confirm effects 
of GPMM ammonia removal on quality relative to bacterial content and 
options for subsequent treatment before use as fertilizer/soil amendment 
on fresh produce crops .

Key Words: volatilization, poultry production, health, bacteria, 
ammonia capturing

541P   Assessing tissue colonization and egg contamina-
tion by Salmonella Oranienburg in laying hens. Uma Babu1, 
Monika Proszkowiec-Weglarz2, and Kannan Balan*1, 1FDA, Laurel, 
MD, 2USDA, Beltsville, MD.

Transmission of Salmonella into table eggs could be via trans-ovarian 
(vertical) or trans-shell (horizontal) routes . CDC reported a multistate 
outbreak in the Midwest (2016) from consumption of eggs contaminated 
with Salmonella Oranienburg (SO), a strain closely related genetically 
to a 2015 outbreak linked to the same supplier . To determine if SO 
could colonize egg-forming tissues and contaminate eggs, groups of 
laying hens were challenged with an oral dose of 107 (n = 25) and 109 
(n = 27) colony forming unit (cfu) and evaluated after one (n = 10, 5 
per dose), 2 (n = 24, 12 per dose) and 4 (n = 18, 9 per dose) weeks . 
Standard direct plating microbiological method was used to evaluate 
shedding of SO in the feces and eggshells . For internal contents of 
eggs and colonization in the spleen, ovaries, upper and lower oviduct 
microbiological methods with pre-enrichment and enrichment in selec-
tive media were used . While presence of SO on eggshells was observed 
only when there were traces of fecal material, the bacteria was not 
recovered from internal egg contents (n = 748 eggs); fecal shedding 
was observed over 4 weeks in birds gavaged with 107 (25%) and 109 
(100%) cfu . Maximum colonization (combined dose groups) in spleen 
(83 .3%), ovaries (29 .2%), upper oviduct (20 .8%), and lower oviduct 
(41 .6%) were observed at 2 weeks post challenge, while at 4 weeks, 
there was no recovery of SO from the egg forming tissues. No significant 
(t-test) dose specific colonization were observed in the egg-forming 
tissues at 2 weeks . Since shell contamination and translocation of the 
bacteria into the albumen is a possibility, we assessed the persistence 
of low concentrations of SO within albumen by spiking with 103 cfu/
mL and evaluating for up to 4 weeks under refrigerated conditions . Low 
doses of spiked SO is preferred as higher concentrations could have 
the potential to neutralize antibacterial activity of albumen. Sixty-five 
percent survival was observed . Taken together, these studies suggest that 
Salmonella Oranienburg did not result in egg contamination via vertical 
transmission, and colonization of egg forming tissues was limited to 
2 weeks post infection . Future experimentation with additional strains 
of SO are needed to confirm the route of transmission into table eggs.

Key Words: laying hen, Salmonella Oranienburg, gavage, tissue 
colonization, egg

542P   Does differential growth affect the distribution and 
recovery of Listeria spp. in pasture-raised broiler farm soils? 
Aude Locatelli* and Michael Rothrock, USDA-ARS, Athens, GA.

Listeria spp . represent an important foodborne pathogen, but relatively 
little is known about its environmental prevalence on poultry farms . 
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Considering the environmental exposure inherent with pasture-raised 
production systems, these types of alternative poultry management sys-
tems represent an ideal setting to determine environmental Listeria spp . 
diversity and prevalence . Initial surveys of the isolate data sets revealed 
that across the farms samples L. innocua (59%) was found predominantly 
in feces and soil samples followed by L. monocytogenes (33%) and L. 
welshimeri (2%) . Based on theses observations, we wanted to evaluate 
whether the distribution of Listeria species evidenced in broiler farms 
could results from a differential growth in liquid media . Four Listeria 
strains isolated from soil were selected including one of each L. monocy-
togenes serogroups and one of L. innocua . These strains were inoculated 
either separately or in mixed culture in Tripticase Soy Broth (TSB) and 
University of Vermont (UVM) modified Listeria enrichment broth at 102 
and 105 cells per mL and incubated for 24–48 h at 3 temperatures (20, 
30, 42°C) . Overall, the inoculum concentration and the liquid media 
have a significant effect on Listeria growth at all temperatures . No 
significant differences were observed between the growths of the 3 L. 
monocytogenes strains. In UVM media incubated at 30°C, a significantly 
shorter lag phase was observed for L. innocua (19 .97h) compared with 
L. monocytogenes strains (21 .46h) for low inoculum concentrations . 
This difference in the growth dynamic between may help to explain the 
Listeria species recovered from these broiler farms .

Key Words: Listeria spp ., soil, pasture-raised broiler farm

543P   Survival of Campylobacter in the albumen, yolk and 
membrane of fertile broiler breeder eggs. Ashley Owen*1, Nelson 
Cox2, Douglas Cosby2, Mark Berrang2, Charles Hofacre1, Susan 
Mize2, Jeromey Jackson2, Melissa Landrum1, and Jeanna Wilson1, 
1University of Georgia, Athens, GA, 2The U.S. National Poultry 
Research Center, Athens, GA.

Fertile eggs were collected from 47-week-old broiler breeder hens, 
brought to the laboratory and separated in 3 segments: albumen, yolk 
and membranes . The membranes were peeled away from the shell and 
wiped with 10 .0 mL of buffered peptone . Initial pH of albumen and yolk 
was determined, but no pH was determined for the membranes due to 
settling of the membrane to the bottom of the tube . Then each segment 
was stored under refrigeration (4°C), at room temperature (22°C) and in 
an incubator (37°C) for 2 and 7 d with pH’s taken at each time interval . 
Five replications (individual eggs) were taken . In addition, an inoculum 
of 3 .4 × 102/mL of a gentamicin-resistant Campylobacter coli was added 
to each segment of the egg and incubated at 22°C for 3 h; then C. coli 
was enumerated . Three full replications were conducted . Initial pH 
was 8 .7 and 6 .1 for the albumen and yolk . After 48 h at 4°C, 22°C and 
37°C, the pH of the albumen, yolk and membrane were 9 .0, 9 .2, 9 .4; 
6 .3, 7 .1, 7 .2; 8 .2, 8 .6, 8 .4, respectively . When 2 .53 log10 of C. coli was 
inoculated into albumen, yolk and membrane, the numbers increased 
in all 3 and were log10 3 .0, 2 .94, and 2 .82, respectively . This demon-
strates that Campylobacter not only survives in the different portions 
of the fertile egg but actually multiplies slightly, thereby strengthening 
the argument that Campylobacter may pass from one generation to the 
next via the fertile egg .

Key Words: Campylobacter, egg, albumen, broiler breeder, yolk

544P   Development of in vitro models of competitive exclu-
sion of pathogens by probiotic Lactobacillus in poultry. Maryanne 
Nash* and Tri Duong, Texas A&M, College Station, TX.

Lactobacillus species are widely used as probiotics because of their 
health promoting properties and are a potentially important alterna-

tive to the sub-therapeutic use of antibiotics in poultry production . 
Administration of probiotic Lactobacillus cultures to poultry has been 
demonstrated to improve pre-harvest microbial food safety by reducing 
gastrointestinal colonization of poultry by human foodborne pathogens . 
Although competition for adhesion sites on gastrointestinal tissues is 
thought to contribute to the competitive exclusion of pathogens by 
Lactobacillus, the mechanisms responsible for this functionality are 
not well understood . The goal of this study was to develop a series of 
assays to investigate competitive exclusion of Salmonella by Lactoba-
cillus cultures in vitro using the LMH chicken epithelial cell line . We 
evaluated the effect of several factors including survival of bacteria in 
cell culture medium, sequence of bacterial addition to the LMH cell 
line, co-incubation times, and the number of post-incubation washes . 
Our results were used to develop a set of standardized experimental 
conditions to evaluate the ability of Lactobacillus cultures to inhibit 
binding of Salmonella from the chicken LMH cell line . Additionally, 
by varying the sequence in which probiotic and pathogenic bacteria 
were added to the chicken LMH cell line, we have developed assays to 
characterize the exclusion (Lactobacillus first), competition (simulta-
neous addition), and displacement (pathogen first) of pathogens from 
epithelial cells by Lactobacillus cultures . Characterization of poultry 
isolates of Lactobacillus revealed several strains to effectively reduce 
binding of Salmonella from the chicken LMH cell line as compared 
with Salmonella-only controls (P < 0 .05) . Future studies will extend 
our model to include candidate probiotic cultures from other genera 
(e .g ., Bacillus, Bifidobacterium) and other human foodborne (e .g ., 
Campylobacter) and poultry pathogens (e .g ., avian pathogenic E. coli, 
Clostridium perfringens) . Further development and validation of this 
model in live poultry will contribute to a mechanistic understanding of 
the probiotic functionality in poultry and support the development of 
novel and improved probiotic cultures for use in poultry production .

Key Words: Lactobacillus, probiotics, competitive exclusion, 
Salmonella

545P   Validation of commercial antimicrobials against 
unstressed and cold-stressed Campylobacter jejuni cells on broiler 
carcasses and wings processed at a small USDA-inspected slaugh-
ter facility. Lacey Lemonakis*, KaWang Li, and Cangliang Shen, 
West Virginia University, Morgantown, WV.

The desire of locally grown poultry products continues with high demand 
and continues to rise in the state of West Virginia . Due to this rise in 
demand, local officials have major concern of food safety issues. Being 
that local poultry products are exempted from the USDA-FSIS Poultry 
Products Inspection Act . In this study, 36 broiler carcasses and 70 wings 
were processed from a West Virginia small USDA-inspected slaughter 
facility . Carcasses were inoculated with unstressed Campylobacter 
jejuni cells, and wings were inoculated with unstressed and cold-stressed 
adapted cells . C. jejuni cells were grown under microaerophilic condi-
tions . Cold-stress cells were grown in Bolton’s broth and then placed 
into 4°C for a 7-day period . This included 3 strains of Campylobacter 
jejuni (RM 1188, RM 1449, RM 1464) with initial inoculation levels of 
5 .5-6 .0 log10cfu/ml . Broiler and wings samples were then undipped or 
dipped into peroxyacetic acid (PAA; 1,000 ppm), lactic acid (LA; 5%), 
lactic and citric acid blend (LCA; 2 .5%), sodium hypochlorite (SH; 70 
ppm), Sanidate 5 .0 (SD; 0 .25%, a mixture of PAA and H2O2), for 30 
seconds . Surviving bacteria were recovered in BPW and spread plated 
onto Brucella agar to analyze C. jejuni population under microaerophilic 
conditions . Data (2 repeats/3-4 samples each repeat) were analyzed 
using the one-way ANOVA and Mixed Model of JMP software . All 
antimicrobials reduced C. jejuni by 1 .2-2 .0 log10cfu/ml on carcasses 
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compared with controls and the best (P < 0 .05) reduction was shown 
in PAA treated samples . For the wings, antimicrobial reductions of the 
unstressed and cold-stressed cells were 1 .6-2 .5 and 1 .0-3 .1 log10cfu/
ml, respectively . In terms of reduction, the cold-stressed cells in LA, 
LCA, and SD treatments were resistant (P < 0 .05) to antimicrobials 
than unstressed cells, whereas they were more (P < 0 .05) sensitive to 
PAA than the unstressed cells . SH did not cause any difference among 
unstressed and cold-stressed cells . In poultry facilities, applying post-
chilling antimicrobial treatments, especially PAA, could be a potential 
approach to help control and reduce Campylobacter spp . on locally 
processed broilers . Antimicrobial challenge studies should include 
stress-adapted cells .

Key Words: broiler carcasses, wings, cold-stress, antimicrobials, 
Campylobacter

546P   Proteomic analysis of Campylobacter interaction with 
amoeba host. Deepti Samarth*1, Young Min Kwon1, Rohana 
Liyanage2,3, and Jackson Lay2,3, 1Department of Poultry Science, 
University of Arkansas, Fayetteville, AR, 2Department of Chemistry, 
University of Arkansas, Fayetteville, AR, 3Statewide Spectrometry 
Facility, Fayetteville, AR.

Campylobacter jejuni is a zoonotic pathogen and also the major cause 
of foodborne diarrheal illness in humans . Most of the human Campy-
lobacter infections are associated with consumption of undercooked 
poultry products contaminated with Campylobacter . Previous studies 
indicate that free-living amoeba can serve as an environmental reservoir 
of bacterial pathogens, and the possibility of horizontal transmission of 
Campylobacter in poultry house through its interaction with free-living 
amoeba ubiquitously present in water supply . However, there is limited 
information about the complexity of these interactions and underlying 
molecular mechanisms . In order to gain better understanding of this 
interactions, we performed a proteomic analysis to identify the proteins 
in Campylobacter jejuni 81-176 differentially expressed upon its con-
tact with Acanthamoeba castellani strain (ATCC 50374) . C. jejuni was 
cultured in MH broth for 16 hrs at 42°C in microaerophilic conditions 
and also further incubated with A. castellani for 3 hrs . Both cultures 
were used for SDS-PAGE-based protein extraction, and the extracted 
proteins were subject to proteomic analysis using liquid chromatogra-
phy–tandem mass spectrometry (LC–MS/MS) . Comparative analysis 
of the resulting proteomic data identified 45 and 30 proteins that were 
significantly (P < 0 .05) upregulated and downregulated, respectively, 
upon contact with A. castellani among more than 350 C. jejuni proteins 
detected . Upregulated proteins include those involved in chemotactic 
proteins, methyl-accepting signal transduction protein and membrane 
proteins, whereas proteins related to oxidative stress was downregulated 
are also known to be associated with interaction with mammalian hosts . 

In conclusion, our study will provide insights on how Campylobacter 
jejuni interact with amoeba host, and effective strategies to control 
transmission of Campylobacter in poultry house using amoeba as a 
protective reservoir .

Key Words: Campylobacter jejuni, transmission, poultry, proteomics

547P   Effect of multi-strain Bacillus probiotic on the ileal 
and cecal microbiota of broiler chickens. Bradley Schrader*, Elle 
Chadwick, Laci MacKay, James Krehling, and Ken Macklin, Auburn 
University, Auburn, AL.

Bacillus amyloliquefaciens (BA) is a gram-positive, spore-forming 
bacterium capable of producing enzymes and antimicrobial compounds 
which can aide in nutrient absorption and metabolism, immunological 
functions, and help prevent pathogenic colonization within the gastro-
intestinal tract (GIT) of animals . The purpose of this preliminary study 
was to examine the effect of a BA probiotic mixture on the composition 
of the GIT microbiota in broilers . One-day-old broiler chicks (120) 
were randomly assigned to one of 3 treatments: an industry comparable, 
broiler basal diet (CON); a basal diet supplemented with 60g/ton feed 
salinomycin (SAL); and basal diet supplemented with a mixture of 4 
BA strains at 1x107 cfu/g feed (PRO) . Each treatment had 5 replicates 
with 8 birds per replicate . Chicks were reared in Petersime cages for 21 
d with access to feed and water ad libitum . At d 21, mucosal samples 
originating from the ileum were collected along with cecal contents from 
one ceca, and pooled (5 birds/cage) for 16S rRNA next-gen sequencing . 
Genomic DNA was extracted and amplified based on the V3-V4 hyper-
variable region of the 16S gene . Bioinformatics was performed using 
the QIIME v1 .8 pipeline, taxonomic annotations were assigned to each 
operational taxonomic unit (OTU) using UCLUST and the Greengenes 
reference database, and statistical analysis was conducted using SAS . 
Significant differences were observed in the composition of the ileal 
and cecal microbiotas (P < 0 .05) . Members of the Ruminococcaceae 
family dominated the majority of all cecal microbiotas, while the ileal 
microbiotas was dominated by members of the Clostridiaceae family . 
In addition, there was a significantly larger population of Halomonada-
ceae in the ceca of Salinomycin treated birds (P = 0 .0407), and a larger 
population of Cytophagaceae in the ceca of the control birds (P = 
0 .0326) . While Bacilliceae populations were not significantly higher in 
the probiotic-treated group, large variations in microbiota composition 
were observed among the 5 PRO cages, suggesting more replications 
are needed to precisely estimate the effects of BA supplementation . 
Additional trials evaluating the supplementation of this BA probiotic 
on the intestinal microbiota of broilers, in industry standard conditions 
with a higher number of replicates per treatment, should be carried out 
to validate the results of this study .

Key Words: probiotic, microbiota, broiler, Bacillus
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548P   Short-term fasting alters Dicer 1 expression in chicken 
hypothalamus and neuroblastoma cells. Phuong Nguyen*1, Eliza-
beth Greene1, Gurueswar Nagarajan1, Peter Ishola1, F . Dustan Clark1, 
Annie Donoghue2, and Sami Dridi1, 1University of Arkansas, Fayette-
ville, AR, 2USDA, Agricultural Research Service, Poultry Production 
and Product Safety Research Unit, Fayetteville, AR.

The poultry industry has applied several feed restriction regimens due 
to chickens’ tendency for hyperphagy, risk of fat deposition, and repro-
ductive decline . Feed restriction causes both behavioral and nutritional 
stresses to birds . Dicer is an essential enzyme in miRNA biogenesis 
which plays key roles in many cellular processes including metabolism . 
Dicer dysregulation-induced miRNA biogenesis alteration has been 
causally linked to several human diseases . In non-mammalian species, 
the role of Dicer is unknown . Therefore, we aimed to examine the regula-
tion of Dicer in metabolism of chicken hypothalamus and neuroblastoma 
cells under short-term fasting . In vivo and in vitro experiments were 
conducted on chicken and human neuroblastoma (SH-SY5Y) cells . In 
the in vivo experiment, 4-week-old chickens were caged in groups of 3 
or 4 and assigned to one of 5 treatments: control, fasting for 24 or 48h 
and refeeding for 3h after each fasting period . The in vitro experiment 
had 2 treatments: control SH-SY5Y cells treated with growth media, and 
fasted SH-SY5Y cells treated with serum-free media for 24 h . Chicken 
hypothalamus and SH-SY5Y cells were collected for analysis of Dicer 
and other related genes and proteins by qPCR and Western blot . The 
data were analyzed by ANOVA, and Tukey test. There is a significant 
difference of Dicer 1 gene expression in chicken hypothalamus among 
treated groups (P < 0 .05) . Dicer 1 mRNA levels in 24h fasted chicken 
hypothalamus were higher than those of 24h and 48h fasting and refeed-
ing groups (P = 0 .068, and P = 0 .051, respectively) . Serum fasting alters 
the protein expression of Dicer 1, and other proteins involved in energy 
homeostasis such as AMP-activated protein kinase (AMPK), mechanis-
tic target of rapamycin (mTOR), protein kinase C (PKC), extracellular 
signal-regulated kinase (ERK) in SH-SY5Y cells . Our data indicate 
that DICER1 expression is responsive to the nutritional state (fasting) 
in chicken hypothalamus and it may be involved in the regulation of 
energy homeostasis via AMPK pathway in neuroblastoma cells .

Key Words: Dicer, chicken, hypothalamus, fasting, SH-SY5Y

549P   Changes of serotonin and dopamine neurotransmission 
in the raphe nuclei and hypothalamus during chicken embryonic 
development. Xiaohong Huang*2 and Heng-Wei Cheng1, 1USDA-
ARS, West Lafayette, IN, 2Purdue University, West Lafayette, IN.

The interaction of serotonin (5-HT) transported from the raphe nuclei 
and dopamine (DA) synthesized in the hypothalamus is critical for 
the development of the hypothalamic-pituitary-adrenal (HPA) axis 
in humans and rodents . In this study, we examined the development 
of the serotonergic and dopaminergic systems in the raphe nuclei and 
hypothalamus in Dekalb chicken embryos . Brain samples were collected 
at embryonic day (E) 12, E14, E16, E19 and E20 (n = 12/time point) . 
Neurotransmitters {5-HT, DA, and their metabolites (5-HIAA, DOPAC, 
HVA)} concentrations, protein levels and mRNA expressions of TPH2 
and 5-HTT were detected using HPLC (n = 9/time point), Western blot 
(n = 3/time point), and real-time PCR (n = 9/time point), receptively . In 
the raphe nuclei, the concentrations of 5-HT were increased gradually 
from E12 to E20 with a remarkable increase from E16 to E19 (P5-HT 

< 0 .0001) . The concentrations of 5-HIAA were gradually increased 
from E12 to E20 (P5-HIAA < 0 .0001) . The mRNA expression and pro-
tein levels of both TPH2 and 5-HTT were peaked at E14 before the 
significantly increase of 5-HT concentrations (PTPH2 = 0 .197, P5-HTT = 
0 .0012) . In the hypothalamus, the concentrations of 5-HT and 5-HIAA 
were elevated significantly from E14 to E20 (P5-HT < 0 .0001, P5-HIAA < 
0 .0001), which corresponded to the changes of both TPH2 and 5-HTT 
mRNA expressions (PTPH2 = 0 .0001, P5-HTT < 0 .0001) . Similar patterns 
of DA secretion were detected in both the raphe nuclei (PDA < 0 .0001) 
and hypothalamus (PDA < 0 .0001), gradually increased from E12 to 
E16, reached a maximum at E19, and was diminished but remained 
elevated above E12 values before hatching . The levels of HVA in both 
the raphe nuclei (PHVA < 0 .0001) and hypothalamus (PHVA < 0 .0001) 
were gradually increased from E12 up to E20 . In chickens, there are 
unique developmental changes in the key components of the serotonergic 
and dopaminergic systems in the raphe nuclei and hypothalamus over 
embryonic development . These data indicate that 5-HT and DA have 
functions in modifying the programming of the HPA axis in chickens . 
The results provide a foundation for further investigations to reduce 
chicken stress response by modifications of the serotonergic and or 
dopaminergic systems during embryonic development .

Key Words: chicken, embryo, serotonin, dopamine, HPA axis

550P   Identification and localization of stem cells express-
ing Olfm4 and Lgr5 mRNA in the yolk sac and small intestine. 
Haihan Zhang* and Eric Wong, Virginia Tech, Blacksburg, VA.

The chicken yolk sac and small intestine play an essential role in nutrient 
absorption from the yolk and intestinal lumen, respectively . Nutrient 
uptake is mediated by epithelial cells that line these tissues and express 
nutrient transporters . In the intestine, these absorptive cells originate 
from a population of stem cells, which in mammals express the stem 
cell markers Lgr5 (Leucine rich repeat G-protein coupled receptor 5) 
and Olfm4 (Olfactomedin 4) mRNA . Little is known about stem cells 
in the yolk sac. The objective of this study was to identify and profile 
the distribution of stem cells that express Lgr5 and Olfm4 mRNA in the 
chicken yolk sac from e11 to day of hatch (doh) and the small intestine 
from e19 to d7 post-hatch using in situ hybridization . Yolk sac and 
intestinal (duodenum, jejunum, ileum) samples were collected from 
3 different embryos, fixed in buffered formalin, embedded in paraffin 
and sectioned with a microtome . Cells expressing Olfm4 and Lgr5 
mRNA were identified using custom RNAscope probes and detection 
kits and visualized qualitatively . In the yolk sac, cells expressing Lgr5 
mRNA were mainly distributed in the vascular endothelial cells lining 
the blood vessels; however, cells that expressed Olfm4 mRNA were not 
detected . In the small intestine, cells expressing Olfm4 or Lgr5 mRNA 
were specifically localized to the intestinal crypts. Staining for Olfm4 
mRNA in cells was always more intense than staining for Lgr5 mRNA in 
all intestinal segments at each sampling day . These results demonstrate 
that only Lgr5 and not Olfm4 can be used to mark stem cells in the yolk 
sac . Furthermore, co-expression of Olfm4 and Lgr5 mRNA in the crypt 
cells of the small intestine indicate that the development of stem cells 
in chickens may be similar to mammals .

Key Words: in situ hybridization, Olfm4, Lgr5, yolk sac, small 
intestine
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551P   Differential abundance of mitochondrial genome 
produced small RNAs (mitosRNA) in breast muscles of modern 
broiler compared to unselected chicken breed. Byung-Whi 
Kong*1, Bhuwan Khatri1, Dongwon Seo1, Stephanie Shouse1, 
Nicholas Hudson2, Casey Owens1, Nicholas Anthony1, and Walter 
Bottje1, 1University of Arkansas, Fayetteville, AR, 2The University of 
Queensland, Brisbane, Queensland, Australia.

Small noncoding RNAs identified are mostly encoded by the nuclear 
genome . Thousands of small noncoding RNAs encoded by mitochon-
drial genomes, termed as mitosRNAs, in human, mouse and trout fish 
were recently reported. Chicken mitosRNAs were identified by small 
RNA sequencing method in this study and differential abundance of 
mitosRNAs was analyzed between modern pedigree male (PeM) broilers 
(rapid growth and large muscle mass) compared with the foundational 
Barred Plymouth Rock (BPR) chickens (slow growth and small muscle 
mass) . Small RNA sequencing was performed with breast muscles of 
PeM and BPR (n = 6 per group) using 1x50 bp single end read method 
of Illumina sequencing . After quality assessment and adapter trimming 
of raw reads, the clean reads were aligned to chicken mitochondrial 
genome (GenBank Accession: X52392 .1) using the NGen program 
in Lasergene software package and read counts were normalized by 
reads per millions (RPM) . The mitosRNAs showing > 100 average 
read counts, p-value < 0 .05 by t-test and fold change >1 .2 were con-
sidered as differently expressed (DE) between PeM and BPR . A total 
of 183,416 unique small RNA sequences were identified as potential 
chicken mitosRNAs. After stringent filtering process, 117 mitosRNAs 
showing greater than 100 raw read counts were abundantly produced 
from all 36 mitochondrial genes (except D-loop region) and the length 
of mitosRNAs range from 22 to 46 nucleotides . Of those, 55 mitosRNAs 
were differentially expressed in breast muscles of PeM compared with 
BPR . All mitosRNAs were upregulated in PeM breast, except those 
produced from 16S-rRNA gene . The most abundant, DE mitosRNAs 
were validated using quantitative PCR (qPCR) . Our data demonstrate 
that in addition to 36 known mitochondrial genes, the mitochondrial 
genome also encodes abundant mitosRNAs, that may play an important 
regulatory role in the control of mitochondrial gene expression in muscle 
growth . Research funded by USDA-NIFA-AFRI (#2013–01953) and 
Arkansas Bioscience Institute .

Key Words: mitosRNA, pedigree male broiler, Barred Plymouth 
Rock, differential expression, muscle growth

552P   MicroRNA profiling associated with muscle growth in 
modern broiler compared to unselected chicken breed. Bhuwan 
Khatri*1, Dongwon Seo1, Stephanie Shouse1, Nicholas Hudson2, 
Walter Bottje1, and Byung-Whi Kong1, 1University of Arkansas, Fay-
etteville, AR, 2The University of Queensland, Brisbane, Queensland, 
Australia.

Genetically selected modern broiler chickens have acquired outstanding 
production efficiency through rapid growth and improved feed efficiency 
compared with unselected chicken breeds . Recently, mRNA sequencing 
analysis was published on breast muscle tissue obtained from modern 
pedigree male (PeM) broilers (rapid growth and improved efficiency) 
compared with the foundational Barred Plymouth Rock (BPR) chickens 
(slow growth and poorer efficiency). In addition to mRNA expression, 
profiling of microRNA, analysis of regulatory microRNA was conducted 
in the same tissues in this study that can be integrated with results of 

differentially expressed mRNA in breast muscles of PeM compared 
with BPR . To investigate the expression level of microRNA, small 
RNA sequencing was performed with breast muscles of PeM and BPR 
(n = 6 per group) using 1x 50 bp single end read method of Illumina 
sequencing . After quality assessment and adapter trimming of raw reads, 
the clean reads were aligned to chicken reference mature microRNA 
sequences obtained from miRBase (http://www .mirbase .org/) using 
Arraystar program in Lasergene software package and the read counts 
were normalized by reads per millions . The microRNA showing aver-
age read counts > 5 in each group, P-value < 0 .05 by t-test, and fold 
change >1 .2 were considered as differently expressed (DE) between 
PeM and BPR . Differentially expressed microRNA were validated 
using quantitative PCR and were subjected to target-predictions with 
TargetScan online software. Totals of 994 microRNA were identified 
in PeM and BPR chicken lines. After filtering and statistical analyses, 
miR-2131–5p, miR-221–5p, miR-126–3p, miR-146b-5p, miR-10a-5p, 
let-7b, miR-125b-5p, and miR-146c-5p were upregulated in PeM breast 
muscle whereas miR-206 was downregulated in PeM compared with 
BPR breast muscle . Differentially expressed microRNA in PeM breast 
muscles may contribute to rapid growth of muscle and improved produc-
tion efficiency. This finding can serve as foundation for demonstrating 
molecular mechanisms that regulate muscle growth in chickens .

Key Words: microRNA, pedigree male broiler, Barred Plymouth 
Rock, production efficiency, differential expression

553P   Enzymatic profile of broilers affected with white striping 
and wooden breast myopathies. Fernanda Prado, Tamara Ferreira, 
Silvana Caldas, Vladimir Nascimento, Stella Valle, NIlson Junior, 
Sergio Vieira, and Liris Kindlein*, UFRGS, Porto Alegre, Rio 
Grande do Sul, Brazil.

The intense genetic selection for broilers for fast-growing is contribut-
ing to the occurrence of muscular myopathies, such as white striping 
(WS), characterized by white striations parallel to muscle fibers and 
wooden breast (WB) described by a hardness, out bulging and pale 
areas . Several studies suggested that this increased growth rate induced 
biochemical alterations in muscle tissue, causing higher serum levels 
of enzymes such as aspartate aminotransferase (AST), creatine kinase 
(CK) and lactate dehydrogenase (LDH) . These cytoplasmic enzymes do 
not have the ability to cross the sarcoplasmic membrane barrier, being 
an indicative of membrane damage and other structures of an affected 
muscle tissue . Thus, the aim of this study was to evaluate the enzymatic 
profile of broilers affected with different degrees of WS and WB. At 
42d, 75 male broilers Cobb 500 (3 .2kg ± 0 .2) were randomly selected, 
slaughtered and the fillets were macroscopically classified according to 
the degree for breast myopathies in 0: without myopathy (n:15); 1: mod-
erate WS (n:18); 2: moderate WS+WB (n:15); 3: severe WS (n:17) and 
4: severe WS+WB (n:10) . Subsequently, blood samples were collected 
in tubes without anticoagulant to analyze the enzymes ALT, AST, CK 
and LDH, which were processed through commercial specific kits in a 
spectrophotometer. Data were analyzed ANOVA with significance by 
Tukey test at 5%, using the breast weight as a co-variable . In relation to 
CK, there was no significant difference between birds affected with WS 
(degrees 1 and 3) compared with those classified as without myopathy. 
However, the fillets affected with both WS and WB presented an increase 
on the enzyme levels (34753; 36130 for degrees 2 and 4, respectively) 
in relation to the normal breast (P < 0 .05) . The LDH results showed 
that scores 0 and 1 showed lower values when compared with WS + 
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WB birds . The association of WS and WB myopathies causes increased 
serum levels of CK and LDH enzymes . On the other hand, when the 
bird presents only WS, regardless of the score lesion, the serum levels 
of these enzymes do not differentiate from the normal musculature .

Key Words: breast myopathies, serum profile, serum enzymes, 
broiler, creatine kinase

554P   Cloning and transfection of human follicle-stimulating 
hormone gene via rooster sperm. Shaban Rahimi*1, Sahar Bazgir1, 
Abdolhossein Shahverdi2, and Mohsen Sharafi1, 1Tarbiat Modares 
University, Tehran, Iran, 2Royan Institute for Stem Cell Biology and 
Technology, ACECR, Tehran, Iran.

Current study was done for cloning of β chain of human FSH gene and 
transfection of this gene to the rooster sperm, to consider the effects of 
incubation time on the rate of DNA uptake by sperm cells and quality 
of sperm after transfection. FSH β chain gene cloning was performed in 
expression vector of PcDNA3 .1 + using genetic engineering methods . 
Incubation times were examined with 4 main groups consist of (1) zero 
minutes of incubation of sperm with DNA (control group); (2) 30 min of 
incubation of sperm with DNA; (3)45 min of incubation of sperm with 
DNA; (4) 60 min of incubation of sperm with DNA . Sperm samples 
were collected from 6 Leghorn rooster in 4 replicated and then washed 
twice to prevent DNase activity and then were transfected with the 
exogenous DNA according to experimental groups (incubation time) .
After transfection, DNA uptake and quality indices of sperm (viability, 
motion characteristics and membrane integrity) were evaluated to deter-
mine the best time of incubation . PCR analysis detected the presence of 
exogenous DNA in the leghorn chicken sperm cells in all experimental 
group except control group.Treatments were significant effect on the 
sperm quality indices such as viability, motility, progressive motility 
and membrane integrity (P < 0 .05) . Increasing in the incubation time 
from zero to 60 min significantly decreased the rate of viability, motility, 
progressive motility, membrane integrity (P < 0.05). Our findings have 
shown that exogenous FSH β chain gene could be absorbed by rooster 
sperm. More investigation need to be applied for increase the efficiency 
of DNA uptake by sperm cells .

Key Words: cloning, human FSH hormone, transgenic chicken, 
membrane integrity

555P   Cryopreservation of dispersed avian gonadal cells from 
adults and embryos chickens: A model for exotic avian species 
germplasm rescue. Sara Jabalameli*2, Patricia Byrne1, and Thomas 
Jensen1, 1San Diego Zoo Insitute for Conservation Research, Escon-
dido, CA, 2California State University San Marcos, Escondido, CA.

Recovery and xenotransfer of germline stem cells from gonads of 
deceased endangered birds to host chicken embryos may be a practical 
method for preserving genetic diversity . Development of cryopreserva-
tion protocols is essential for maintaining gonadal stem cells following 
isolation, enabling xenotransfer when the genes of specific individuals 
are needed in the population . Both DMSO and glycerol, 2 widely used 
cryoprotectants, have been used to preserve semen, while DMSO is pre-
ferred for the preservation of avian semen, testicular tissue, primordial 
germ cells, and blastoderm cells . In this experiment, male and female 
embryonic and adult gonadal cells were cryopreserved using 6%, 8%, 
10%, and 12% glycerol or DMSO . Gonads were isolated from adult quail 
and mechanically dispersed with a tissue dissociator . Embryonic (stage 
36) chicken gonads were enzymatically dissociated with collagenase and 
DNase . Gonadal cells were resuspended in MEM medium, incubated 

at 4°C for 30 min in a Biocision CoolCell, then transferred to a −80°C 
freezer for 4–18 h before storage in liquid nitrogen . Cells were thawed 
in a 41°C water bath while adding warmed MEM medium, centrifuged 
to remove cryoprotectant and transferred to fresh MEM medium . The 
percentage of viable cells was determined by propidium iodide staining . 
The percent of live cells post-thaw from embryo testes was 56 ± 11% 
(mean ± SEM), 56 ± 9%, 52 ± 11%, 43 ± 10% and 74 ± 9%, 69 ± 8%, 
70 ± 5%, 66 ± 6% and for ovaries 49 ± 8%, 50 ± 7%, 45 ± 8%, 43 ± 8% 
and 56 ± 10%, 67 ± 9%, 66 ± 7%, 71 ± 4% for 6, 8, 10, and 12% DMSO 
and glycerol, respectively . The percent of live cells post-thaw from adult 
testes was 76 ± 8% (mean ± SEM), 81 ± 5%, 75 ± 8%, 79 ± 9% and 89 
± 3%, 81 ± 6%, 74 ± 9%, 74 ± 7% and for ovaries 81 ± 4%, 83 ± 4%, 
70 ± 5%, 72 ± 5% and 91 ± 4%, 94 ± 2%, 92 ± 4%, 87 ± 4% for 6, 8, 
10, and 12% DMSO and glycerol, respectively . There was no statisti-
cally significant effect of percent cryoprotectant on survival of testes 
or ovarian cells isolated from neither embryos nor adults (all P > 0 .17) .

Key Words: xenotransfer, cryoprotectant, endangered species, ger-
mine rescue, cryostorage

556P   Sterilization of host chicken embryos by partial exsan-
guination in preparation for xeno-transfer. Patricia Byrne*1, 
Sara Jabalameli2, and Thomas Jensen1, 1San Diego Zoo Insitute for 
Conservation Research, Escondido, CA, 2California State University 
San Marcos, San Marcos, CA.

The use of chickens with chimeric gonads has the potential to make a 
great impact on the conservation of avian endangered species, through 
xenotransplants of exotic species’ germline stem cells (GSCs) . The 
resulting chimeras produce donor-derived gametes, which can be 
reintroduced into the endangered population to maintain biodiversity . 
Partial or total removal of endogenous GSCs before xenotransfer can 
greatly increase the efficiency of this technique. Previous studies have 
successfully produced sterile hosts using busulfan; however, due to 
the high toxicity of this chemotherapy agent, this study’s aim was to 
optimize partial sterilization through the physical removal of circulat-
ing endogenous GSCs by partial exsanguination of early embryonic 
stages . To partially sterilize stage 14–16 chicken embryos, blood was 
removed as described by Naito et al., 1994. Briefly, fertilized eggs were 
windowed and blood was drawn from the descending aorta using 30–40 
μm diameter beveled glass needles mounted on a micromanipulator. The 
eggs were sealed using parafilm and incubated to stage 35. The gonads 
were extracted and enzymatically dissociated using collagenase-DNase . 
Finally, the percentage of GSCs was determined using the stage-specific 
embryonic antigen 1 (SSEA-1) antibody . An embryo was considered 
sterilized if the number of GSCs was lower than the mean of the controls 
minus 2SD of the mean . Stage 14, 15, 16, and 17 embryos exhibited 
survival rates of 33, 64, 75, and 75%, respectively . The percent of live 
embryos sterilized when phlebotomized at stages 15, 16, and 17 were 
59, 50, and 50%, respectively. The percent of GSCs significantly (t = 
14 .8, df = 41, P < 0 .0001) decreased in partially sterilized embryos 
to 27 .5 ± 17% (range 0–61%) of control embryos . In this study, we 
showed that the stage at which the embryo was partially exsanguinated 
influenced sterilization success. At stage 14, the embryos were easily 
damaged, leading to low survivability . Embryos manipulated at stage 
15/16 exhibited the highest survivability and sterility rates . By stage 17, 
the majority of primordial germ cells have migrated to and colonized 
the gonadal ridge . Furthermore, exsanguination via the large descend-
ing aorta rather than the smaller vitelline vessels of the yolk facilitated 
cannulation and phlebotomy . Higher survival and sterilization rates are 
expected as the technique is refined.
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Key Words: germline stem cell, germline recovery, biodiversity, 
chimeric gonad, micromanipulation

557P   Basophilia, basophiliosis, and toroids—Observations on 
atypia in duck blood. Paul Cotter*, Cotter Laboratory, Arlington, 
MA.

The purpose is to extend observations on circulating atypical basophils . 
These cells were detected by microscopic examination of Wright’s 
stained blood films obtained from mature (~50 wk) commercial ducks 
of both sexes. Atypical basophils occurred in flocks with high total white 
counts (TWBC) ranging from 40 - 90 K/μL and frequencies of basophils 
ranging from 2 −7.8% of the TWBC; basophilia (>5% basophils) and 
basophiliosis (~25% atypical basophils) respectively . Among 10 distinct 
forms of atypical basophils sorted by a basophil differential count, 
those with a capacity to extend cytoplasmic substance far from the cell 
body, referred to as “net-types,” were the most common, occurring at 
a frequency of 7 to 78% . Dysgranulosis, dysplastic, and dwarf forms 
were less frequent . Atypical basophils occurred singly or in formations 
with other leukocytes as “reactive clusters.” In addition, basophils, 
heterophils, and thrombocytes formed a series of 3 cell clusters with 
erythrocytes called “toroids.” Both simple and complex toroids occurred. 
In the latter, the 2 non-erythroid cells were of the same type . Throm-
bocyte/erythrocyte/thrombocyte is an example of a “simple toroid.” A 
form of the type basophil/erythrocyte/lymphocyte is an example of a 
“complex toroid.” Because of size, toroids can be detected at low mag-
nification. Toroids, like other atypical cells, are indications of complex 
hemograms . Their presence may be useful as an alternate blood based 
stress indicator . Their size may result in blood vessel occlusion so they 
may contribute to multiple pathologies .

Key Words: basophilia, basophiliosis, duck, sterss, toroid

558P   Changes in intestinal length and jejunal integrity 
between broiler and layer chickens. Sara Orlowski, Nicholas 
Anthony, Samuel Rochell, and Dawn Koltes*, University of Arkan-
sas, Fayetteville, AR.

Intensive selection for production traits has significantly improved 
feed conversion rates, meat and egg production of commercial poultry . 
Recently, concern has increased over “leaky gut” in broilers, which may 
contribute to septicemia and bacterial infections . Therefore, we wanted 
to determine if genetic selection for meat production has altered intestinal 
development and integrity . For this study, 2 modern broilers lines with 
genetics representative of lines from 1995 and 2015, and a leghorn line 
were used. All birds were raised in floor pens and fed a 2-phase broiler 
diet . Eight birds per line were sampled weekly to determine body weight 
(BW) and intestinal length . On d 14 and 42, a section of the jejunum 
was collected, flushed, and transported to the laboratory to measure the 
transepithelial electrical resistance of jejunal tissue as an indicator of 
intestinal integrity . Data were analyzed using PROC Glimmix of SAS 
with sex, age, line, and the interaction of line by age fit as fixed effects. 
Pen was fit as a random effect, and BW was fit as a covariate for all 
intestinal measurements . Jejunual integrity data were analyzed within 
day using PROC Glimmix of SAS with line and sex fit as fixed effects 
and sampling time fit as a random effect. Body weight had a significant 
line, age, and line by age interaction (P < 0 .01) suggestive of different 
growth rates across lines . Intestinal length adjusted for BW for the duo-
denum, jejunum, ileum, and ceca were significantly different by line (P 
< 0 .01) and age (P < 0 .01) with only ceca length tended (P = 0 .07) to 
have a line by age interaction . Duodenum, jejunum, and ileum lengths 

adjusted for BW were greater in the 1995 broiler line compared with the 
layer line (P < 0 .05) with the 2015 broiler line being an intermediate . 
Ceca length was greater in the 1995 and 2015 broiler lines compared 
with the layer line (P < 0 .05) . Jejunual integrity was different across 
line within each time point (P < 0 .05) with layers having less integrity 
at each time point . While this study did not determine if intestinal per-
meability or “leaky gut” was different across line, it does demonstrate 
that there are changes in intestinal parameters and additional research is 
warranted to determine if genetic selection has altered intestinal health .

Key Words: intestinal health, leghorn, broiler, jejunum, transepithe-
lial electrical resistance

559P   Effect of chromium oxide on egg quality parameters in 
White Leghorns. Prafulla Regmi*2, Joseph Leszcz1, Cara Robison1, 
Deana Jones3, and Darrin Karcher2, 1Michigan State University, East 
Lansing, MI, 2Purdue University, West Lafayette, IN, 3USDA ARS, 
Athens, GA.

The use of index marker in feed has greatly simplified nutrients and 
energy digestibility measurements of feed ingredients . Ideally, index 
markers should be completely inert with no toxic, physiological, or 
pharmacological effects on the subject . Chromium sesquioxide (Cr2O3), 
also known as chromium oxide, is commonly used in poultry digestibility 
trials . Chromium oxide, however, has been suggested to impact physi-
ological processes in the body of some fish species. Chromium oxide is 
used commonly in meat birds but its effect on egg production and egg 
quality parameters in laying hens has not been extensively investigated . 
The objective of the study was to evaluate the impact of chromium 
oxide inclusion in diets of laying hens on egg quality parameters . One 
hundred twenty White Leghorn hens (72 wk) were individually housed 
in conventional cages and served as their own controls . The birds had 
ad libitum access to feed and water . Eggs were collected 1 wk before 
feeding of the diet containing 0 .3% chromium oxide (control eggs, 
C) . Eggs were further collected 1 (W1), 2 (W2), and 3 (W3) wk after 
the hens were on the chromium containing diet . For each period, eggs 
were collected over a period of 5 d . Egg weight, shell weight, and shell 
thicknesses were measured . Egg breaking strength was measured using 
Texture Analyzer . Fixed effect of treatments (C, W1, W2, and W3) 
and random effects of eggs nested within the bird were included in the 
model. Significant main effect was observed for egg breaking force (P 
= 0 .03) and shell thickness (P = 0 .04) . However, the difference between 
the groups were not significant for any parameters after the means were 
separated using Tukey’s adjustment at P < 0 .05 [Mean breaking force 
(gm) - C = 3873 .23, W1 = 3721 .41, W2 = 3745 .29, W3 = 3723 .41; Shell 
thickness (mm) – C = 0 .41, W1 = 0 .39, W2 = 0 .40, W3 = 0 .40] . Natural 
variation in egg quality parameters during the trial period could have 
confounded the results. The results indicate that there are significant, 
yet, very small changes in egg quality parameters when chromium was 
included in the diet .

Key Words: Leghorn, chromium oxide, egg quality, shell strength, 
shell thickness

560P   Impact of in vitro inoculation and dietary supplemen-
tation with Bacillus subtilis on sperm quality of aged White 
Leghorn roosters. Midian Nascimento dos Santos*, Reshma Ram-
achandran, Kelley Wamsley, Aaron Kiess, and Christopher McDaniel, 
Mississippi State University, Starkville, MS.

Bacillus subtilis in the diet increases animal performance, in part, by 
modulation of intestinal microbiota . Some bacterial species are det-
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rimental to sperm motility . However, effects of B. subtilis on poultry 
semen quality are unknown; therefore, 2 experiments (EXP) were 
conducted. The objective of the first study was to evaluate if sperm 
motility is altered when rooster semen is directly exposed in vitro to B. 
subtilis or its metabolites . The second objective was to determine the 
impact of dietary supplementation with B. subtilis on sperm quality and 
the concentration of this bacterium in semen . In EXP 1, B. subtilis was 
cultured for 48 h to a concentration of 108 cfu/mL . Semen from 70 wk 
old White Leghorn roosters was pooled and diluted 10-fold with the 
following treatments: (1) saline control, (2) sterile broth, (3) culture 
of B. subtilis, (4) supernatant from the culture, and (5) bacterial pellet 
from the culture . Semen pH and the sperm quality index (SQI) were 
obtained at 0 and 10 min post dilution to analyze the effect of exposure 
length . The entire experiment was replicated 3 times . Semen pH and 
SQI were not affected by the B. subtilis pellet as compared with saline . 
However, pH (P = 0 .001) and SQI (P < 0 .0001) for every treatment 
containing broth was lower than the saline or pellet treatments . Over 
time, pH of the saline control and culture of B. subtilis declined and 
increased, respectively (P = 0 .015) . The SQI increased 10 min post 
dilution with the saline control or the pellet but decreased for all the 
other treatments (P = 0 .0007) . For EXP 2, 42 individually caged White 
Leghorn roosters, 72 wk old, were fed either 0 or 4 .5 × 104 cfu of B. 
subtilis/g of feed . For each of 4 wk, individual semen samples were 
analyzed for pH, semen volume, sperm concentration, sperm viability 
and the SQI . Additionally, semen concentrations of Na+, Ca2+, K+, Cl−, 
CO2, and O2 were measured . In the last week, ejaculates were serially 
diluted and plated to determine Bacillus spp . counts . The dietary addition 
of B. subtilis did not alter any sperm quality characteristics, seminal ion 
concentrations, or Bacillus spp . counts (P > 0 .10) . In conclusion, neither 
direct exposure of sperm nor dietary exposure of roosters to B. subtilis 
alters sperm quality possibly because this bacterium is indigenous to 
the rooster’s reproductive tract .

Key Words: semen, sperm quality, pH, Bacillus subtilis, roosters

561P   Relationships among sperm-egg penetration, fertility and 
egg components of Chinese painted quail hens (Coturnix chinen-
sis). Reshma Ramachandran*, Midian Nascimento dos Santos, and 
Christopher McDaniel, Mississippi State University, Starkville, MS.

Sperm-egg penetration (SEP) of the avian ovum is an objective method 
to determine true fertility . Recently, it has been discovered that quail 
parthenogens, from unfertilized eggs without SEP, alter albumen char-
acteristics . However, in mated Chinese painted quail, it is unknown if 
components of freshly laid or incubated eggs are altered due to the inten-
sity of SEP and subsequent embryonic development . Thus, the objective 
of this study was to determine the relationship of egg components with 
SEP and fertility of Chinese painted quail . From 60 breeding pairs, 
eggs were collected daily, labeled and weighed . Weights of albumen, 
yolk and shell were obtained, in addition to albumen pH, height and 
percentage solids as well as shell thickness . On alternate days, eggs were 
analyzed for SEP and candling fertility . For SEP analysis and fresh egg 
fertility, the perivitelline layer was examined microscopically for sperm 
holes in a 1 .35 mm2 germinal disc area . Eggs were candled at 10 d of 
incubation for candling fertility . To obtain duration of fertility, males 
were separated from the hens after obtaining at least 3 eggs for SEP per 
breeding pair, and analysis continued until SEP was 0 for 3 consecu-
tive eggs . Correlation and regression analyses were used to examine 
the relationships of egg components with SEP, fertility, and duration of 
fertility . Positive correlations were observed for albumen height, egg 
weight, and yolk weight with SEP (P < 0 .10) . A quadratic decline was 

obtained for percentage albumen solids with SEP (P = 0 .03) . Fresh egg 
and candling fertility were positively correlated with SEP and shell 
thickness as well as egg, yolk, and shell weights (P < 0 .05) . Fresh egg 
fertility was also positively correlated with albumen pH (P = 0 .002) . 
Additionally, candling fertility was positively correlated with albumen 
weight (P = 0 .04) . Duration of fertility showed a quadratic increase 
with SEP and shell weight (P < 0 .10) . In conclusion, greater distention 
of the infundibulum caused by a larger ovum size may lead to a greater 
number of sperm penetrating the egg at the infundibulum and ultimately 
a larger egg weight . Following SEP, oviductal embryonic development 
may begin utilization of albumen solids (proteins) and influence albumen 
characteristics even at lay . It is also possible that embryonic development 
affects egg component weights and characteristics by altering transit 
time of the egg through the oviduct .

Key Words: sperm-egg penetration, fertility, egg components, 
embryo, quail

562P   Chicken enterocyte culture to screen chemicals affecting 
poultry intestinal integrity. Anamika Gupta*1 and Narayan Rath2, 
1University of Arkansas, Fayetteville, AR, 2Poultry Production and 
Product Safety Research Unit, Fayetteville, AR.

Enterocytes not only absorb nutrients but also form defensive barrier 
against microbial pathogens in the intestine . Since most microbial infec-
tions in poultry stem from their gastrointestinal exposure, the poultry 
enterocyte cultures can be useful as a screening platform for factors 
that affect intestinal integrity and to understand its physiology . Our 
study therefore, was undertaken to develop chicken enterocyte culture 
to explore these concepts . Intestinal villi were harvested from day-
old broiler chicks, digested with trypsin along with Cell Dissociation 
reagent, and the live cells along with enterocyte organoids were isolated 
by a density gradient centrifugation . Following subsequent washings, 
the cell clusters were plated in Dulbecco’s modified Eagle’s medium 
containing antibiotic/ antimycotic, fetal bovine serum, epithelial cell 
growth factor, and insulin transferrin selenium (ITS) supplements, which 
allowed the epithelial-like cells to grow out . Once the cells reached 
semi-confluency they were dissociated with Accumax and plated in 96 
well plates at the concentration of 5000 cells/well and grown overnight . 
To determine the effect of different chemicals, we used toxins (aflatoxin 
B1, epsilon, enterotoxin, 4-deoxy nivalenol and lipopolysaccharide), 
vitamins (trans-retinoic acid and 1,25-dihydroxy vitamin D3), and 
some metabolic modulators such as phorbol myristate acetate (PMA) 
and cyclic adenosine monophosphate (cAMP), all, tested at concentra-
tions of 0 .5 µg/ml . The effects were evaluated microscopically at 24 
and 48 h post treatment using morphological changes and Alamar blue 
at 48 h to measure their viability index. On treatment with aflatoxin B1 
and 4-deoxy nivalenol, the cells tended to become round and clumped 
together and exhibited decreased viability, whereas the trans-retinoic 
treated cells showed increased in cell sizes without much change in 
viability indices, and the PMA treated cells were emaciated without any 
loss of viability . These results suggest that chicken enterocyte culture 
can be used to screen the potential effects of different chemical in intes-
tine and evaluate factors that cannot only harm but also protect them, 
understand the biochemical pathways that regulate their physiology, and 
their interactions with microbes, and xenobiotics . Future experiments 
will be designed to study how these changes are related to intestinal 
dysfunction in poultry .

Key Words: chicken enterocytes, culture, chemical effects
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563P   Evaluation of storage quality parameters of eggs 
produced by Hy-line Brown hens fed soybean and soybean-free 
diets using a caged or cage-free rearing systems. Hector Leyva-
Jimenez*1, Morouj Al-Ajeeli1, Raghad Abdaljaleel1, Yasser Jameel2, 
Mohammed Hashim1, and Christopher Bailey1, 1Texas A&M Univer-
sity System, College Station, TX, 2University of Kerbala, Karbala, 
Iraq.

Table eggs are one of the most important sectors in the food industry . 
They provide good quality protein, vitamins and other nutrients to 
consumers around the world . The objective of this study was to evalu-
ate storage egg quality parameters produced by Hy-line Brown hens 
fed soybean (SB) and soybean-free diets (SBF) allocated in cage or 
cage-free rearing systems . All methods were approved by the TAMU 
Animal Care and Use Committee . Experimental diets were formulated 
based on the nutrient requirements suggested by the Hy-line Brown 
management guide . Cottonseed meal was supplemented at 14 .5% to 
replace the soybean meal in the SBF diet . Feed and water was offered ad 
libitum . A total of 24 eggs (12 eggs/diet) were collected from either cage 
or cage-free rearing systems over 3 trials, stored at 4°C to be analyzed 
after 3 and 5 wk of storage . Egg quality data were performed based on 
Haugh unit, and shell thickness (mm) . Data were analyzed as an inde-
pendent 2-sample t-test using the compare means procedure of SPSS . 
Significance was accepted at P ≤ 0.05. For cage eggs, no significant 
(P > 0 .05) differences were observed in Haugh unit or shell thickness 
after 3 wk of storage. After 5 wk, Haugh unit was significantly (P ≤ 
0 .05) higher in the SBF (87 units) versus the SB (83 units) treatment . 
Haugh unit for cage-free eggs was significantly (P ≤ 0.05) higher in the 
SBF versus the SB group from 89 to 84 units respectively, after 5 wk 
storage. Cage-free eggs initial shell thickness at 0 wk was significantly 
(P ≤ 0.05) higher in the SB group when compared with the SBF group 
(0 .403 vs 0 .390) . In conclusion, no negative effects were observed for 
interior egg quality in eggs produced by hens allocated in either the 
cage or cage-free rearing systems fed the SBF diet .

Key Words: soybean meal, cottonseed meal, egg quality, cage, 
cage-free

564P   Campylobacter prevalence on commercially processed 
quail carcasses as determined by rinse sampling and whole 
carcass enrichment. Douglas Cosby*1, Nelson Cox1, Harshavardha 
Thippareddi3, Casey Ritz3, Mark Berrang1, Jeromey Jackson3, Susan 
Mize1, Sanjay Kumar3, Amanda Howard3, Angela Rincon3, Mayuri 
Ukidwe3, Melissa Landrum2, Johnathan Frye1, Jodie Plumblee1, Lari 
Hiott1, 1US Dept of Agriculture, Athens, GA, 2University of Georgia, 
Crawford, GA, 3University of Georgia, Athens, GA.

Recovery of Campylobacter from quail (Coturnix coutrnix) carcasses 
has not been well researched and therefore the best method for sampling 
is unclear . In this experiment, 2 methods [i) carcass rinse (CR) and ii) 
whole carcass enrichment (WCE)] used for detecting Campylobacter 
on broiler carcasses were evaluated using quail carcasses obtained from 
a commercial processing plant . Carcasses (n = 50, n = 10/replication) 
were obtained immediately before the chill tank, placed on ice and trans-
ported back to the laboratory . Each carcass was transferred to a plastic 
bag with 200 mL of Bolton’s enrichment broth (BEB) with supplements 
was added and carcasses were hand-rinsed for 60 s, after which a 30 
mL aliquot of rinsate was transferred to sterile centrifuge tubes and the 
carcass was allowed to remain in the 170 mL of BEB . Both the carcass 
and the aliquot were incubated microaerobically at 42°C for 48 h . After 

incubation, 10 µL of the aliquot and the WCE was plated onto Campy-
Cefex agar plates which were incubated microaerobically at 42°C for 
48 h . After incubation, typical Campylobacter colonies were confirmed 
by microscopic examination and latex agglutination . Campylobacter 
species was determined by PCR using the Q7 BAX method . Campy-
lobacter was recovered in replications 1 and 5; no Campylobacter was 
recovered in replications 2, 3 or 4 . All isolates recovered from replication 
1 were identified as Campylobacter coli and all isolates recovered from 
replication 5 were identified as Campylobacter jejuni . In replication 1, 
100% of the aliquot samples were positive compared with only 70% 
of the WCE samples . A similar trend was noted in replication 5 where 
70% of the aliquot samples were positive compared with only 30% of 
the WCE . Unlike WCE used in recovering Salmonella from broiler 
carcasses, recovery of Campylobacter is not improved by WCE and use 
of this method actually proves to be counterproductive . Further research 
is planned to improve recovery methodology .

Key Words: Campylobacter, carcasses, recovery, detection, 
methodology

565P   Storage of feed enriched with ω-3 fatty acids and grape 
pomace and the change in its fatty acid profile. Sylwia Sobo-
lewska2, Janusz Orda2, Bogdan Jarosz2, Jacek Majda3, Malgorzata 
Serowik2, Stephen Rose1, and Vasil Pirgozliev*1, 1Harper Adams 
University, Newport, United Kingdom, 2Wroclaw University of 
Environmental and Life Sciences, Wroclaw, Poland, 34th Military 
Hospital, Wroclaw, Poland.

The study investigated the effect of storage of feed enriched with ω-3 
fatty acids, with and without grape pomace, used as natural antioxidants . 
A wheat-maize-soybean based control diet for poultry was formulated to 
contain 210 g/kg CP and 11 .80 MJ/kg ME . Four diets were then produced 
including control (1), control + 20 g/kg of grape pomace (2), control 
+ 20 g/kg of linseed oil (3), control + 20 g/kg of grape pomace + 20 g/
kg of linseed oil (4). Dietary samples were tested for fatty acid profile 
immediately after mixing and after 28 d of storage at room temperature, 
using gas chromatography GC/MS (Agilent Technologies) . Data were 
statically analyzed by ANOVA . The fatty acids composition of the diets 
differed depending on the addition of linseed oil and grape pomace . 
Grape pomace increased (P < 0.001) level of ω-3 fatty acids in the feed 
by almost 30% and decreased (P < 0.001) the level of ω-6 fatty acids. 
Addition of grape pomace to the feed decreased the saturated fatty acids 
(SFA): polyunsaturated fatty acids (PUFA) ratio and increased SFA: ω-3 
ratio and ω-6: ω-3 ratio. In the diets with linseed oil addition there was 
a 12-fold lower ω-6: ω-3 ratio, 11-fold lower SFA: ω-3 ratio and the 
SFA: PUFA ratio was decreased by 25% . The addition of both, linseed 
oil and grape pomace to the feed, significantly (P < 0 .01) reduced the 
level of ω-6 fatty acids, SFA and monounsaturated fatty acids (MUFA) 
and increased (P < 0.01) the amount of ω-3 fatty acids, unsaturated fatty 
acids (UFA) and PUFA . There was an interaction between storage time 
and grape pomace addition resulting in a lower level of ω-6 fatty acids 
and higher amount of MUFA . It can be concluded, that the addition of 
grape pomace to the feed enriched with ω-3 fatty acids reduced the loss 
of health-related factors in the feed during storage .

Key Words: grape pomace, ω-3 fatty acids, linseed oil, feed

566P   Effect of fillet region on meat quality of raw and cooked 
broiler meat with woody breast characteristics. Xiao Sun1, 
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Barbara Mallmann2, Dawn Koltes2, Karen Christensen2, and Casey 
Owens*2, 1Nanjing Agricultural University, Nanjing, Jiangsu, 
China, 2University of Arkansas, Fayetteville, AR.

Woody breast has been considered as a major quality issue in the poultry 
industry recently which is characterized by a distinct hardness of the 
breast with different severity categories . This study was conducted to 
determine the difference of raw and/or cooked fillet meat quality of 
different region (cranial vs middle) on breast fillet in big birds. Whole 
butterfly breast fillets scored in 3 woody categories (NORM, MILD, 
SEV, n = 30/category) were collected from 63 d broilers deboned at 3h 
postmortem. The left fillets were subjected to compression force (CF) 
and shear analysis (Meullenet-Owens razor shear, MORS) using the 
TA .XTPlus Texture Analyzer on cranial and middle region, respectively . 
The CF, energy (MORSE), peak counts from shear curve of MORS 
(PC-MORS) of RAW fillets were recorded. Additionally, the right 
part fillets were cooked to an internal temperature to 76C at 24h post-
mortem, cook loss (CL) was determined . Then shear analysis (MORS 
and Blunt-MORS, BMORS) was conducted on both regions . The CL, 
energy (MORSE, BMORSE), peak counts (PC-MORS, PC-BMORS) 
of COOKED fillets were recorded. In raw fillets, CF, MORSE, and 
PC-MORS increased as severity of WB increased in either cranial or 
middle region (P < 0 .05) . CF was higher in cranial region than middle 
region at all woody category (P < 0 .05) . MORSE and PC-MORS of 
cranial region were higher than middle region in MILD and SEV (P < 
0 .05), while no difference (P > 0 .05) due to location was observed in 
NORM. In cooked fillets, CL increased (P < 0 .05) as WB increased . 
Similar to the raw fillets, MORSE, BMORSE, PC-MORS, and PC-
BMORS of cooked fillets were higher (P < 0 .05) in SEV than MILD 
which was higher (P < 0 .05) than NORM . For MORSE, SEV was 
higher (P < 0 .05) than NORM and MILD was intermediate . All shear 
properties were higher (P < 0 .05) in cranial region than middle region 
in MILD and SEV while no difference (P > 0 .05) due to location was 
observed in NORM . The results indicate textural properties are more 
severe with woody breast than normal breast fillet and that there is also 
greater severity of the condition in the cranial region . This may have 
impact on sensorial texture properties as well .

Key Words: compression, shear, texture, location, wooden breast

567P   Impacts of phytogenic plant supplementations on meat 
quality in broilers chickens. Joshua Flees*1, Sara Orlowski1, 
Elizabeth Greene1, Alissa Piekarski1, Walter Bottje1, Shivi Maini2, 
Casey Owens1, Michael Kidd1, Nicholas Anthony1, and Sami Dridi1, 
1University of Arkansas, Fayetteville, AR, 2Ayurvet Ltd, Baddi, India.

Due to recent concerns regarding the usage of antibiotics and inorganic 
additives in poultry, research efforts were shifted toward alternative 
options in the form of organic additives from plant-based compounds 
and extracts . The goal of the present study is to determine the effects of 
the newly developed herbal supplements AV/SSL/12 (AV) and Superliv 
Gold (SG) on meat qualities in broilers . Total of 288 healthy day old 
broilers (Cobb500) were randomly assigned into 24 pens (12 chicks/
pen) and had ad libitum access to a standard corn-soy based diet . Chicks 
were subjected to 2 treatments: AV/SSL/12 (AV, starter: 2 .5 mL, grower: 
5 mL, and finisher: 10 mL per 100 birds/day) or Superliv Gold (SG, 
starter: 2mL, grower: 4mL, and finisher: 7 mL per 100 birds/day) for 
42 d . Untreated group was used as a control . Body weight was recorded 
weekly . Feed intake was measured daily and core body temperature was 
continuously (every 5 min) recoded at d35 for 24h using iButton data log-
gers . At 42 d, birds were processed and chilled for 2 h and weights were 
recorded for carcass, chilled carcass, and Pectoralis major and minor . 
Meat color and pH were measured at 24 h post-mortem and sections 

of muscles were randomly selected for sensory analysis . Meat quality 
data were analyzed using one-way ANOVA and means were compared 
using a SNK multiple comparison test and considered significant at 
P < 0.05. When compared with the control, the L* value was signifi-
cantly low in both treatments . In addition, SG-treated group exhibited 
a significantly higher b* value compared with the control. There were 
no differences in pH between all groups . A trained descriptive sensory 
panel did not detect a difference in the basic tastes (salt, sweet, sour, 
and bitter) between all groups . Although there was no difference in most 
flavors (brothy, organy, etc.), a green herb flavor was detected in both 
treatments compared with the control . The texture analysis reveals that 
both treatments have lower moisture release compared with the control . 
Together, these data indicate that supplementation of phytogenic plants 
influence broiler meat color, flavor, and juiciness.

Key Words: phytogenic plants, meat quality, flavor, color, pH

568P   Economic impact related to the condemnation of post-
mortem poultry in southern Brazil. Carolina Franceschi*, Morgana 
Zortea, Andrea Pinto, and Luana Freitas, Federal University of Rio 
Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil.

The Brazilian chicken meat production in 2015 was 13 .14 million tons 
which demonstrated a growth of 7 .4% compared with the year of 2014, 
and the southern region of the country was responsible for 62 .83% of 
all this production . Total condemnations of carcasses occur frequently 
due to the improper management of the birds from the catching until 
the transport of these animals and that results in economic losses . The 
main factors that lead to condemnations are: contusion and traumatic 
injuries that causes fractures of limbs . The aim of this study was to verify 
the economic impact related to the condemnation of broiler carcasses 
resulting from contusion and traumatic injuries in southern Brazil 
in 2014 and 2015 . The data were collected through the management 
information system of the federal inspection service (SIGSIF), coming 
from slaughterhouses registered in the federal inspection service from 
southern Brazil (States of Paraná, Santa Catarina and Rio Grande do 
Sul) . The information was computed and tabulated in a spreadsheet 
of data for future analysis . To ascertain the economic impact of the 
condemnation of carcasses, the average price of kilogram of chicken in 
2014 to 2015 it was verified in the regions studied. In this same period, 
the southern region of Brazil slaughtered a total of 6 .757 .088 .752 birds, 
and of these, 25 .180 .317 (0 .37%) chicken carcasses were condemned 
by several pre-identified factors. When data were analyzed, the diag-
nosis by contusion condemned about of 305 .174 (1 .21%) carcasses, 
for the diagnosis of traumatic injury the condemnation occurred in 
64 .939 (0 .25%) carcasses . Economic impact analysis indicates that the 
3 states of southern Brazil incur a loss of $6,111,531 due to contusion 
and injury . The lack of skilled labor is a determining factor in this kind 
of condemnation and these losses can be minimizes easily with more 
efficient management techniques. The application of these techniques 
assumes the need for qualification of the operator and will result in the 
improvement of animal welfare criteria . However, the economic impact 
of the carcasses condemnation in only 3 States of Brazil is significant, 
because it affects directly the poultry market .

Key Words: animal welfare, contusion, economic loss, management, 
poultry slaughter

569P   Physicochemical and functional properties of egg white 
powder prepared from shell eggs irradiated at low doses. Mahalet 
Nega*1, Byungrok Min1, Sun Hee Moon2, and Dong Ahn3, 1Univer-
sity of Maryland Eastern Shore, Princess Anne, MD, 2University of 
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Arkansas for Medical Science, Little Rock, AR, 3Iowa State Univer-
sity, Ames, IA.

Irradiation has been approved by FDA to control Salmonella in shell 
eggs. Irradiation even at low doses significantly reduces the viscosity 
of egg white to a watery state . The viscosity reduction can improve 
the efficiency of egg white processing, including the facilitation of 
egg white separation and transportation and removal of a homogeniza-
tion process . However, irradiation could cause oxidative changes in 
proteins, leading to changes in functional properties of processed egg 
white products such as egg white powder (EWP) . The objective of 
this study was to evaluate changes in physicochemical and functional 
properties of EWP prepared from the shell eggs irradiated at low doses 
(1 and 2 kGy) . Hen eggs were purchased from a local grocery store . 
Egg white collected from the irradiated (IR) shell eggs at 1 and 2 kGy 
were spray-dried without homogenization to produce IR-EWP, while 
non-irradiated egg white was spray-dried after homogenization . The 
physicochemical and functional properties of IR-EWP were evaluated 
in comparison with EWP from the non-irradiated (Control) . Data were 
analyzed using ANOVA and sample means were compared using a SNK 
multiple range test . IR-EWP at both doses showed higher pH but lower 
lightness (L*), blueness (a*) and yellowness (b*) compared with Control 
(P < 0 .05) . Protein solubility of EWP was not affected by irradiation, 
but the surface hydrophobicity of IR-EWP at 2 kGy was higher than at 
1 kGy and Control (P < 0 .05) . Protein oxidation and surface sulfhydryl 
content were higher and lower, respectively, in IR-EWP at both doses 
than in Control (P < 0 .05) . These changes indicated that irradiation may 
cause partial denaturation and oxidation of proteins in EWP . However, 
they appeared to positively affect the functional properties of IR-EWP . 
Foaming capacity and stability of IR-EWP at both doses were greater 
compared with Control (P < 0 .05) . IR-EWP at both doses produced 
stronger thermal gels with better water holding capacity compared 
with Control (P < 0 .05) . Emulsion activity and stability were greater 
in IR-EWP at 1 kGy than at 2 kGy and Control (P < 0 .05) . The results 
suggest that irradiation of shell eggs at low doses, especially at 1 kGy, 
can improve the functional properties of EWP in addition to the viscosity 
lowering effect and, consequently, enhance the efficiency of egg white 
processing and functional quality of EWP .

Key Words: irradiation, egg white powder, physicochemical proper-
ties, functional properties, viscosity

570P   Whole carcass rinse versus whole carcass enrichment 
for determining Salmonella presence on commercially processed 
quail. Douglas Cosby*1, Nelson Cox1, Harshavardhan Thippareddi2, 
Casey Ritz2, Mark Berrang1, Jeromey Jackson2, Susan Mize1, Sanjay 
Kumar2, Amanda Howard2, Angela Rincon2, Mayuri Ukidwe2, 
Melissa Landrum2, Johnathan Frye1, Jodie Plumblee1, Lari Hiott1, 
1US Department of Agriculture, USNPRC, Athens, GA, 2University of 
Georgia, Athens, GA.

Limited research has been conducted on Salmonella contamination of 
quail (Coturnix coutrnix) carcasses and the most sensitive method for 
sampling has not been determined . In this study, 2 methods [i) whole 
carcass rinse (WCR) and ii) whole carcass enrichment (WCE)] were 
evaluated for detecting Salmonella on quail carcasses from a commer-
cial quail processing plant . Carcasses (n = 50, n = 10/replication) were 
obtained immediately before the chill tank, placed on ice and transported 
back to the laboratory . Within 60 min, each carcass was transferred to 
a plastic bag, 200 mL of buffered peptone water (BPW) was added and 
carcasses were hand-rinsed for 60 s . After rinsing, 30 mL of rinsate was 
transferred to sterile 100 mL specimen cups and incubated overnight at 

37°C . The carcass in the remaining BPW was also incubated overnight 
at 37°C . Aliquots of incubated BPW from each sample type were trans-
ferred to tetrathionate broth, Hajna (TTH) and Rappaport-Vassiliadis 
broth (RV), incubated overnight at 42°C and streaked for isolation onto 
brilliant green sulfa (BGS) and xylose-lysine-tergitol 4 (XLT-4) agar 
plates which were incubated overnight at 37°C . Typical colonies were 
selected, confirmed by biochemical and serological testing and serotype 
determined by a PCR method . One carcass (2%) was positive using 
the rinse method and 5 (10%) were positive using the WCE method, 
no significant difference between the 2 methods was detected using 
the chi-squared test for independence (P = 0 .09) . The positive rinse 
sample was also positive by WCE . In a 2014 study, WCE produced a 
20% increase in recovery Salmonella from pre-chill broiler carcasses 
when compared with the rinse method . As with broiler carcasses, the 
WCE method is able to recover more Salmonella from carcasses than 
a rinse . In conclusion, WCE with quail carcasses is easier due the size 
difference than with broiler carcasses due to the size difference and 
provides additional detection of Salmonella not detected by the rinse 
method . This may allow researchers to develop more effective interven-
tion strategies for Salmonella in both the quail and broiler industries .

Key Words: Salmonella, detection, quail, carcasses, methodology

571P   Effects of supplemental dietary glutamine and arginine 
on broiler live performance, blood chemistry, and incidence of 
white striping and wooden breast. Carol Wu*, Grayson Walker, 
Matthew Livingston, Matthew Warren, Joaquin Cabanas, and Kim-
berly Livingston, North Carolina State University, Raleigh, NC.

The broiler industry has been recently plagued with muscle myopathies, 
namely wooden breast (WB) and white striping (WS) . These myopathies 
negatively affect the most valuable cut of a broiler, the pectorals major, 
whereby there is reduced protein content and increased fat and collagen 
content, resulting in reduced meat quality and consumer preference . The 
current cause of WB and WS in broilers is yet to be fully elucidated . One 
theory is that increased corn prices, availability of distiller’s dry grains 
with solubles, and other food industry co-products have led to least-cost 
feed changes . Thus, less soybean meal and more synthetic amino acids in 
broiler diets can result in marginal dietary levels of glutamine (Gln) and 
amino acids such as arginine (Arg) . It was hypothesized that increasing 
intracellular Gln and Arg may relate to an increased rate of protein syn-
thesis, decreased inflammatory immune responses, a reduction of muscle 
proteolysis, and consequently a reduced incidence of WB and WS . A 
total of 288 male broiler chicks were allocated to 1 of 4 diets that had 0 
or 1% supplemental Gln or 0 or 0 .25% supplemental Arg to complete 
a 2x2 factorial design . Chicks were housed in Alternative Design cages 
with 8 chicks/cage and 9 replicates/treatment . Individual body weights 
(BW) were recorded weekly, blood chemistry was analyzed at 28 and 41 
d using iStat, and 2 birds/pen were scored for WB and WS after being 
sacrificed at 42 d of age. Shear force, drip loss, cook loss, and meat pH 
were then evaluated . Data were analyzed using PROC GLM and PROC 
MIXED on SAS  . There were no differences among feed conversion 
ratio, BW, or WS . Total carbon dioxide, partial pressure of oxygen, 
and pH of the blood at 28 d were reduced by supplementing Gln at 1% 
(P < 0.05). Similarly, the base excess extracellular fluid and potassium 
of the blood at 28 d were reduced by supplementing Gln at 1% (P < 
0 .01) . Broilers fed diets with Arg or Gln alone did not appear to reduce 
the incidence of WB compared with the control . (0% Gln and 0% Arg) 
or combined interaction levels of 1% Gln and 0 .25% Arg (P < 0 .05) . 
These data demonstrated that the combination of Gln and Arg were able 
to reduce the incidence of WB when supplemented simultaneously as 
opposed to individually in broiler diets .
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Key Words: meat quality, wooden breast, amino acids, blood, 
broilers

572P   Novel deboning method of chilled broiler carcasses 
(prior to evisceration) and its effect on meat quality. Harshavard-
han Thippareddi*3, Angela Rincon3, Brian Bowker2, Hong Zhuang1, 
and R . Jeff Buhr2, 1U.S. National Poultry Research Center, Athens, 
GA, 2USDA-ARS, Athens, GA, 3University of Georgia, Athens, GA.

During traditional poultry processing, the 2 main sources of contamina-
tion of the broiler carcasses are (i) microorganisms on the exterior of the 
carcasses, that results in skin surface contamination and (ii) microorgan-
isms from the gastrointestinal contents of the carcass and subsequent 
cross contamination resulting from contaminated equipment surfaces 
that are not sanitized between each carcass . Since the majority of the 
muscles that are harvested as meat are on the exterior of the skeletal 
structure, the carcasses could be chilled without evisceration before the 
muscles being harvested . The objective of this research project was to 
evaluate the impact of slaughter process rearrangement on the instru-
mental quality of the breast fillets, the main economic driver for the US 
broiler industry . Broilers (20) were obtained from a local commercial 
processor and processed using either the conventional method (eviscera-
tion before chilling) or the novel method (chilling without evisceration) 
and deboned after either 2 or 4 h of postmortem . Three independent 
replications were performed on 3 separate days . Meat quality charac-
teristics, pH, purge loss, drip loss, salt induced moisture uptake, MORS 
peak and total shear force, and instrumental color (L*, a*, and b*, fresh 
and cooked) were determined. The ultimate pH of the breast fillets was 
similar (P > 0 .05) for the 4 treatments; eviscerated carcasses deboned 
after 2 or 4 h, and non-eviscerated carcasses deboned after 2 or 4 h (6 .06, 
5 .98, 5 .93, and 5 .91, respectively) . Similarly, instrumental color, purge 
loss (after 24 h) and cook loss were similar (P > 0 .05) for both fresh and 
cooked breast fillets. Chilling the non-eviscerated carcasses, followed 
by deboning (without prior removal of the gastrointestinal tract and 
contents) did not affect the meat quality and may be a potential method to 
eliminate the risk of microbial cross-contamination during evisceration 
process . Future research will quantify the potential microbial foodborne 
pathogen reduction (Salmonella spp . and Campylobacter) by utilizing 
this novel process . Potential issues related to regulatory ante- and post-
mortem carcass inspection are being evaluated .

Key Words: broiler, evisceration, quality, color

573P   Effect of natural pigments on color and sensory evalu-
ation of chicken patties. Olubunmi Olusola*, Doyin Adeleye, 
Ayobami Oyesanwen, and Olusegun Oshibanjo, University of Ibadan, 
Ibadan, Oyo, Nigeria.

The color of poultry meat resultsfrom carotenoid pigments present in the 
diet that are deposited in the skin and subcutaneous fat which cannot be 
synthesized by poultry but can be transformed and metabolized via the 
diet  . This study evaluated the effect of natural pigments fed to broilers 
on carcass color and sensory evaluation of chicken patties . Day old 
chicks (160) were used in a feeding trial of 8 weeks in a completely 
randomized design (CRD) . Birds were allotted to 5 dietary groups . Each 
group comprised 4 replicates of 8 birds . The test ingredients were added 
at 4% inclusion of Moringa oleifera, Roselle (Hibiscus sabdariffa), 
Baobab (Adansonia digitata), sweet orange (Citrus sinensis) rind and 
control (wheat bran) which were air-dried, milled and mixed with other 
feed ingredients to produce the experimental diets . Fresh chicken breast 
meats were harvested, brined and minced in a solution of salt and sugar 
(16 .89g each) in 1 L of distilled water .The patties consist of boneless 

chicken (80%), wheat flour (10%) and water (10%), which were molded 
into round shapes and oven baked at 80°C until a core temperature of 
72°C was reached . A total of 30 trained panelists aged 25 – 40 were 
used to assess the chicken patties for color, flavor, texture, tenderness, 
juiciness and overall acceptability at d 0, 3 and 6 . A color fan was used 
to assess the color (whiteness to yellowness) of the skin, vent, muscle 
and shank. Data obtained were subjected to ANOVA. Significant dif-
ferences (P < 0 .05) were observed in all parameters measured . Shank 
color (yellowness) was higher in broilers fed Moringa-based diet(104 .13)
and baobab-based diet (102.00).Color of patties at d 0 was significantly 
higher in broiler chicken fed Roselle- based diet(7.00). Its flavor was 
observed to decrease as storage days increased in the control . Patties 
from Moringa based diet had the highest texture value (5 .60) with least 
texture value from the control based diet at d 0 . Generally, texture rating 
increased as storage days progressed . Moringa based diet imparted color 
on the breast, skin, vent and shank, due to the high level of carotene in 
Moringa leaves, while the least shank color was observed in Baobab, 
Roselle and orange rind .

Key Words: natural pigments, color, Moringa, sensory evaluation

574P   Evaluation of the quality in conventional eggs stored in 
different temperatures. Carolina Franceschi*1, Morgana Zortea1, 
Aline Santos de Mello1, Tainá Dalpiaz1, Gustavo Perdoncini2, and 
Andrea Pinto1, 1Federal University of Rio Grande do Sul, Porto 
Alegre, Rio Grande do Sul, Brazil, 2Naturovos, Porto Alegre, Rio 
Grande do Sul, Brazil.

The shelf life of eggs is directly related to its conservation in view of to 
its fast degradation right after laying . The aim of this study was to evalu-
ate the quality of eggs stored at different temperatures . 60 unwashed, 
feces-free, brown shell eggs from Hy-line Brown hens with 26 weeks 
old were obtained and later stored in 2 different temperatures: 7°C e 
21°C . The eggs remained stored for 28 d and were evaluated weekly 
by the analyses of Haugh Unit (HU), weight loss (‰), yolk index, 
pH, yolk color and foam stability . A factorial scheme was used with 2 
treatments, 6 repetition and 5 periods of storage (d 0, 7, 14, 21 and 28) . 
Data were analyzed using ANOVA, followed by the Tukey’s test (α = 
0 .05) using the SPSS (Statistical Package for Social Sciences) . Haugh 
Unit was higher in the eggs that have been submitted to temperatures 
of 7°C than the eggs in 21°C of storage during all analyzed days . The 
percentage of weight loss along the weeks showed difference between 
temperatures . In 7, 14, 21 and 28 d eggs conditioned in 7°C showed 
weight loss percentage of 0 .83, 1 .51, 2 .39, 3 .24 and 2 .01, 2 .97, 4 .24, 
5 .29 respectively in 21°C . Yolk index was statistically different in the 
21st day in the temperatures of 7°C 21°C (0 .54 and 0 .39) respectively . 
The parameters of quality such as pH, yolk color and foam stability 
showed no significant differences between the temperatures over the 
weeks . The higher the storage temperature of the egg, more its internal 
quality deteriorates, caused by the bigger movement of carbon dioxide 
through the egg shell, and it intensifies throughout the storage period. 
In 7°C the speed of degradation of quality parameters is smaller, so the 
maintenance of eggs for consumption under low temperatures ensures 
the usability for the product longer .

Key Words: comsumption, Haugh unit, laying hen, poultry, shelf life

575P   Detection of Campylobacter on quail carcasses sampled 
on nine separate visits to a commercial processing plant. Nelson 
Cox1, Douglas Cosby*1, Harshavardha Thippareddi3, Casey Ritz3, 
Mark Berrang1, Jeromey Jackson3, Susan Mize1, Sanjay Kumar3, 
Amanda Howard3, Angela Rincon3, Mayuri Ukidwe3, Melissa 
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Landrum2, Johnathan Frye1, Jodie Plumblee1, Lari Hiott1, 1US 
Department of Agriculture, Athens, GA, 2University of Georgia, 
Crawford, GA, 3University of Georgia, Athens, GA.

Most of the published information on the prevalence of Campylo-
bacter on processed poultry is from studies with chickens and turkeys; 
therefore there is a paucity of published material about the presence of 
Campylobacter on commercially processed quail (Coturnix courtnix) . 
The objective of this study was to determine the natural occurrence 
of Campylobacter on quail carcasses sampled on 9 separate visits to 
a commercial quail processing plant . Quail carcasses were aseptically 
collected just before chilling and before the application of any antimi-
crobials, transported to the laboratory, and individually bagged . Each 
carcass was hand rinsed in 200 mL buffered peptone water in plastic 
bags for 60 s and a 30 mL aliquot was transferred to a sterile specimen 
cup containing 30 mL of 2× Bolton’s broth (BEB) for the first 4 sample 
days and rinsed in 200 mL of BEB for the next 5 sample days with 30 
mL transferred to a sterile specimen cup for incubation . Following 
microaerobic incubation at 42°C for 48 h, Campy Cefex plates were 
streaked and incubated microaerobically at 42°C for 48 h . Three typical 
colonies were selected and confirmed to be Campylobacter and tested 
against a panel of antimicrobials . The entire experiment was repeated 
9 times. On the first sample date, n = 5, and on the remaining 8 sample 
days, n = 10 with 28 (33%) samples positive for Campylobacter, with a 
great deal of variation among sample days . On 4 sample dates, no Cam-
pylobacter was found; on 2 visits, all samples were positive and on the 
remaining 3 visits 1, 1, and 6 samples were positive, respectively . Of the 
54 Campylobacter isolates 34 (63%) were C. jejuni and 20 (37%) were 
C. coli . Most (n = 48) of the isolates were resistant to only tetracycline . 
Two C. coli were resistant to ciprofloxacin, nalidixic acid and tetracy-
cline while 4 C. coli were susceptible to all antibiotics tested . Future 
work will involve sampling of breeder flocks, hatchery, and grow-out 
houses in an attempt to further the understanding of Campylobacter 
ecology in quail production and processing which could also be useful 
to the broiler industry .

Key Words: Campylobacter, quail, carcasses, processing

576P   Effects of probiotic feeding level on meat quality of 
breast muscle from broilers exposed to cyclic heat stress. Hyun-
Wook Kim1, Traci Cramer1, Osamudiamen Ogbeifun1, Feifei Yan1, 
Heng-Wei Cheng2, and Yuan Kim*1, 1Purdue University, West Lafay-
ette, IN, 2USDA, West Lafayette, IN.

Heat stress is one of environmental stressors causing quality defects of 
broiler meat . The supplementation of dietary probiotic could alleviate 
detrimental impacts of heat stress on chicken meat quality . Moreover, 
some previous studies reported that the efficacy of probiotic feeding on 
improving meat quality attributes could be a dose dependent . Therefore, 
the objective of this study was to determine the impacts of probiotic 
feeding level on meat quality of breast muscle from broiler exposed 
under cyclic heat stress . One hundred and 80 1-d-old male chicks (Ross 
708 broiler) were randomly allocated in 36 floor pens in a single room, 
in which the temperature decreased from 35°C (d 1) to 21°C (d 14), and 
increased from d 15 to 32°C for 10 h daily . Three dietary treatments 
were prepared with a commercial probiotic product (PoultryStar, the 
mixture of 4 lactic acid bacteria, 5 .0 × 109 cfu/g); regular diet without 
probiotic (control), regular diet with 0 .5 g/kg feed of probiotic (probiotic 
0 .5) and regular diet with 1 .0 g/kg feed of probiotic (probiotic 1) . On d 
46, 2 birds were randomly selected from each pen (12 birds per treat-
ment) and harvested . One side of breast muscles (M. pectoralis major) 
was collected at 24 h postmortem and horizontally cut into 2 portions 

for 2 different storage days (d 1 and 5) . The experimental design was a 
completely randomized block design, and the PROC Mixed procedure 
of SAS was used for data analysis by using least significant differences 
(P < 0 .05) . Initial pH and temperature declines of breast muscle were 
unaffected by probiotic feeding level until 6 h postmortem (P > 0 .05) . At 
24 h postmortem, probiotic 1 treatment exhibited a significantly higher 
ultimate pH (5 .92) than control (5 .78) and probiotic 0 .5 (5 .82) . How-
ever, probiotic feeding level had no impacts on chemical composition 
(proximate composition and phospholipid content) and water-holding 
capacity (cooking loss and display weight loss), shear force and lipid 
oxidation (2-thiobarbituric acid reactive substances) of breast muscles 
from broiler exposed to cyclic heat stress (P > 0 .05) . This current study 
indicates that probiotic feeding level had little to no impacts on meat 
quality attributes of breast muscle of cyclic heat-stressed broiler .

Key Words: broiler, heat stress, lactic acid bacteria, meat quality, 
probiotics

577P   Sensory evaluation and cooking yields of chicken meat 
from Heritage breeds or broilers reared on pasture or in floor 
pens. Anthony Pescatore*, McKenzie Bear, Gregg Rentfrow, Jac-
queline Jacob, Tatijana Fisher, Marquisha Paul, and Michael Ford, 
University of Kentucky, Lexington, KY.

Three heritage breeds and a commercial broilers were reared either 
in indoor floor pens or finished on alfalfa pastures. Rhode Island Red 
(RIR), Barred Plymouth Rock (BPR) and Black Australorp (BA) were 
started in floor pens and half placed on pasture at 4 wks of age. Com-
mercial broilers (BR) were started 7 weeks later due to faster growth 
rate, with half of BR placed on pasture at 3 wks of age . There were 3 
replications of 24 chicks per treatment . At the end of the trial, birds 
were sexed, processed at a USDA-inspected plant, and the WOGS were 
air-chilled then frozen . Boneless breast and thighs were cooked, with 
skin on, in a convection oven at 375°F to an internal temperature of 
167°F . The cooking loss and sensory data were analyzed as a 4 × 2 × 2 
factorial. There was a significant interaction of breed, sex and location 
for cooking loss of breast meat . Cooking loss was higher in males for 
all breeds and locations, except for the BA finished on pasture and the 
BPR raised in floor pens. There were breed by location and location 
by sex interactions for cooking loss of thighs, with males finished on 
pasture having the lowest cooking loss, while females on pasture having 
the highest. Males and females raised on the floor had similar cooking 
loss for thighs however, RIR raised in floor pens had the lowest cooking 
loss, while BR raised with or without pasture had the largest cooking 
loss . An untrained panel evaluated skinless breast meat samples . There 
was no significant effect of the parameters on tenderness. There was 
a significant interaction of breed, sex and location on juiciness of the 
breast meat with the broilers raised with or without pasture having a 
lower score than the heritage breeds . There was no consistent effect of 
sex across breeds or location. In regards to off flavor, BA had a more 
detectible off favor than the other birds. Birds finished on pasture had a 
more detectable off flavor compared with floor-raised birds. Females had 
more of an off flavor than males. This sex difference was also evident 
with chicken flavor with females having a stronger chicken flavor. For 
overall acceptability, there was a significant effect of location with birds 
raised inside having a higher score than those finished on pasture. The 
breed, method of rearing as well as sex of the bird can influence the 
cooking loss and sensory evaluation of chicken meat . Unfortunately, 
there is no clear indication of any trait that would be perceived as a 
superior product .

Key Words: heritage breeds, pasture raised
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Informal Nutrition Symposium: Critical content in a feed additive portfolio 
that is needed and will be meaningful to poultry decision makers

578S   Critical data for poultry nutritionists to use feed addi-
tives. Roselina Angel*2 and Mamduh Sifri1, 1Sifri Solutions LLC, 
Quincy, IL, 2University of Maryland, College Park, MD.

Critical data should be obtained from sound and credible research . The 
research can be based on basic, applied and field work. A sound portfolio 
for any product should have a clear description of the problem, the mag-
nitude of the opportunities, well developed hypothesis and statistically 
sound testing . The portfolio should include clear proof connecting cause 
and effect, potential economic implications based on field applications.

Key Words: critical data, basic research, applied research, field study

579S   Identifying the problem and the opportunities: Defining 
a hypothesis. Kirk Klasing*, University of California, Davis, Davis, 
CA.

The process can start by observing a problem . Initially, attempts will 
be made to diagnose the problem and have a variety of solutions . When 
the cause and effect are not clearly understood, it is incumbent on the 
researcher to develop an effective hypothesis that has all the proper 
components to be researched. Clear objectives have to be defined to 
test the hypothesis . Within in this scheme – The problem needs to be 
identified clearly, the magnitude of the problem (biologically and to the 
industry) needs to be defined and a working hypothesis constructed.

Key Words: hypothesis, cause, problem

580S   Product portfolio: Needed experimental support—Basic 
and applied (products that increase gut health). Todd Applegate*, 
University of Georgia, Athens, GA.

Whether it is real or imaginary, conducting experiments to prove or 
disprove a hypothesis is necessary for a long-term use of a feed addi-
tive and not for a temporary perceived solution . Selecting the proper 
design and using the relevant techniques will provide the insuance that 
the product is the best fit to solve the respective problem.

Key Words: feed additive, study design, techniques, gut health

581S   Product portfolio: Proper statistics on individual experi-
ments, interpretation and time-tested ways to provide results 
that include confidence intervals for application. Rex Newkirk*, 
University of Saskatchewan, Saskatoon, SK, Canada.

Proper statistics are requred to be developed with experimental protocols 
such that possible false positives are avoided . Also, several studies need 
to be done that corroborate the answers and that allow for establishing 
confidence intervals.

Key Words: statistical design, statistical interpretation, study design

582S   Meta-analysis: Uses, misuses, and common misinterpre-
tations. Mike Bedford*1 and Aaron Cowieson2, 1ABVista Feed Ingre-
dients, Marlborough, United Kingdom, 2DSM, Kirkwall, Orkney, 
United Kingdom.

The use and abuse of meta-analysis is rampant . Like conducting research, 
it is important to set the parameters correctly and assure that there are 
enough experiments and pertinent data to allow a meta-analysis that is 
devoid of bias . Meta-analysis results must have biological sense and in 
most cases the matematics of the system override biology .

Key Words: meta-analysis, design, parameter, bias

583S   Field trials: Commercial experience—Mini pens in com-
mercial houses. Nelson Ward*, DSM Nutritional Products, Ringoes, 
NJ.

Conducting field trials is a great challenge to the scientist and to the 
people who are conducting them . The circumstances might dictate 
having them as the only option to decide . There are statstical options 
that can be used if the design of the field trial is appropriate. Design-
ing trials utilizing small pens in commercial houses will be presented, 
including basic basic designs, lessons learned, and common pitfalls .

Key Words: small pen, commercial house, study design

584S   Commercial industry nutritionist perspective on what 
are the essential pieces needed for commercial consideration of 
feed additives. Sergio Vieira*, USFRGS, Porto Alegre, Brazil.

The conflicts get magnified when the basic research data are not in 
agreement with the field observation. That issue gets much easier when 
the actual field results translate into consistent relative profit.

Key Words: industry, nutrition
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: National Extension Workshop: Handling Change

585S   Introduction and state updates. Gregory Martin*, Pennsyl-
vania State University, Lancaster, PA.

State extension programs are ever changing to events within the state 
and region .Reporting out on personnel and programming changes with 
each state program helps bring the group up to date on the progress of 
poultry extension .

Key Words: poultry extension, program changes, state extension

586S   Consumer preferences and behaviors regarding poultry 
meat and eggs. Wes Jamison*, Palm Beach Atlantic University, West 
Palm Beach, FL.

Consumers in recent years have experienced a preponderance of changes 
in the way food is produced and marketed . Some sections of the consum-
ing public no longer look to scientists as a primary resource on food 
and food production information . Scientists will need to understand 
this and consider this when developing extension educational programs 
with the public .

Key Words: consumer preference, consumer education, consumer 
behavior

587S   Odors and particulates: Monitoring, assessments and 
control measures. Paul Patterson*, Penn State University, University 
Park, PA.

The US EPA is asking agriculture to take their turn improving air quality, 
and for its sustainability it behooves the poultry industry to mend and 
maintain relations at the urbanrural interface . Just like a water-shed, 
air pollutants in an air-shed flow downhill to the nearest neighbor in 
highest concentration . Therein the need to monitor, assess and control 
these emissions . For odor there are 5 basic properties including: intensity, 
offensiveness, character, frequency and duration . A nuisance means ones 
tolerance for any of these properties has been exceeded . The measure-
ment of odor can be sophisticated and technical and require expensive 
equipment . Fortunately it can also be measured in simple, meaningful 
ways using dilution to threshold methods with trained panels to rank 
odor . Particulates can be measured by gravimetric and spectroscopic 

methods, and broken into sizes of meaningful respiratory health impact . 
New and evolving assessment tools are available to take measure of a 
practice, farm or processing facility in terms of their odors and par-
ticulates . One is the National Air Quality Assessment Tool (NAQSAT) 
developed for NRCS by university researchers, extension specialists 
and producer associations as a free, voluntary and qualitative tool for 
confinement poultry and livestock. NRCS has conservation practices 
and cost share programs to assist producers implement positive changes . 
Pennsylvania utilizes an Odor Site Index to rank farms for their potential 
impact in the community based on the odor source, land use and sur-
rounding number and distance of potential receptors . Best management 
practices may be required based on a farms final odor score. Strategies 
to reduce odor and PM fall into 3 main categories, including: reduce 
generation, enhance dispersion and reduce emissions . Management 
strategies aimed at reducing generation can have significant impacts 
when applied to bird housing, manure and dead bird storage and 
treatment facilities . These include dietary strategies and good manure 
management. Mechanical strategies include filters, traps, berms, buf-
fers and other more sophisticated equipment, are equally impactful but 
may require more capital outlay to implement . Farm and facility design, 
maintenance and management are effective tools to overcome poultry 
odors and particulates for a sustainable future .

Key Words: air quality, odor, management strategies

588S   Extension farm safety and emergency preparedness pro-
grams. Jonathan Moyle*, University of Maryland, Salisbury, MD.

Farming is one of the most dangerous occupations in the United States . 
While there are many different programs that work with farmers to 
improve farm safety, little has been done to work directly with poultry 
growers . In addition to mechanical hazards that all farmers face, poultry 
farms also contain numerous electrical hazards that farmers must be 
aware of . Additionally, growers need to be prepared to handle emergency 
situations that can result from natural disasters . Extension programs can 
assist growers in maintaining a safer working environment and prepare 
them to be able to address emergency situations when they arise .

Key Words: work environment, farm safety, emergency preparedness
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Symposium: Pathogens and cancer manipulate immune defenses—
Opportunities to innovate host targeted strategies to prevent and 

treat disease without antimicrobial and chemical therapies

589S   Eimeria control of immune function. Hyun Lillehoj*, 
USDA/ARS/NEA/ABBL, Beltsville, MD.

Avian coccidiosis is one of the most widespread infectious diseases of 
chickens . The etiologic agent of avian coccidiosis is Eimeria, a genus 
of eukaryotic obligate intracellular parasites belonging to the phylum 
Apicomplexa . Clinical manifestations of infection include damage to 
the intestinal epithelium, decreased nutrient absorption, inefficient feed 
utilization, and impaired growth rate, which, in severe cases, may lead 
to mortality . Infection with Eimeria elicits wide spectrum of innate and 
adaptive, as well as humoral and cell-mediated, arms of immunity . Our 
previous studies showed that intestinal CD8+ cells are involved in spo-
rozoite transport and host protection . Furthermore, selective depletion 
CD8+ cells led to reduced disease resistance following infection with 
E . tenella or E . acervulina and CD8+ cells produced chicken NK-lysin 
(cNK lysin), the chicken homolog of human granulysin . We recently 
designed a cNK-2, a synthetic peptide incorporating core α-helical region 
of cNK-lysin and demonstrated its anti-parasitic activity against Eimeria 
spp . through its membrane disruptive property . Besides its anti-parasitic 
activity of cNK-2, we report in this presentation that chicken cationic 
peptide cNK-2 has ability to modulate innate immune response in mac-
rophages and monocytes through several MAPK signaling pathways . 
Based on these findings, cNK-2 is a good candidate as an antibiotic 
alternative to prevent or treat avian coccidiosis and other infections .

Key Words: coccidiosis, NK-lysin

590S   Cancer immune regulation and immune/vaccine thera-
pies. Douglas McNeel*, University of Wisconsin-Madison, Madison, 
WI.

We have been evaluating DNA vaccines as T-cell activating therapies 
in murine models and early human clinical trials as treatments for 
prostate cancer . In recent studies in murine models, we have found that 
efforts to increase the immunogenicity of DNA vaccines by encoding 
epitopes with greater MHC class I affinity, or by increasing the duration 
of antigen expression, led to inferior anti-tumor responses . These were 
mediated by increased expression of T-cell checkpoint molecules, PD-1 
or LAG3 . Blockade of these molecules at the time of vaccination led 
to superior anti-tumor responses . A clinical trial was then designed to 
evaluate the immunological and clinical efficacy of a DNA vaccine as 
a T-cell activating therapy, given in combination or in sequence with 
PD-1 blockade using pembrolizumab . Early results from this trial sug-
gest that combining PD-1 blockade with tumor-targeted T-cell activation 
by means of vaccination is safe, can augment tumor-specific T cells, 
and can result in similar objective anti-tumor changes .

Key Words: PSA

591S   Anti-IL-10 therapy in reducing antibiotics and chemical 
in animal agriculture. Mark Cook*, University of Wisconsin-Madi-
son, Madison, WI.

Interleukin-10 (IL-10) is the host’s mechanism for powering down 
immune function and it is often referred to as the “stand down” 
cytokine . Decreased function of immune defenses is advantageous to 
pathogens, and many have learned methods to increase IL-10 levels in 
microenvironments to aid pathogenesis . Our research group studies oral 
immunotherapeutics that modify the host response to its environment . 
We discovered that oral neutralizing antibodies to IL-10 made several 
animal species resistant to the sequelae of select pathogens . In Eimeria 
infected chickens, oral anti-IL-10 fed to chickens with no supplemental 
coccidiostats or vaccines resulted in growth responses equal to non-
infected chickens . Oral anti-IL-10 was as effective as an anthelminthic 
in deworming cattle and sheep . Calves and feedlot cattle fed anti-IL-10, 
in double-blinded studies, required less administration of antibiotics for 
disease treatment, and resulted in improved subsequent growth rates . 
These results would suggest that there are strategies for controlling 
infectious disease that do not require direct targeting of the pathogen .

Key Words: PSA

592S   Viral piracy concepts. W . L . William Chang*, University of 
California, Davis, Davis, CA.

Interleukin-10 (IL-10) serves as a key immune regulator with broad anti-
inflammatory properties by eliciting cell-type-specific responses within 
cells expressing IL-10 receptors (IL-10R) . Many pathogens, particularly 
those that establish lifelong persistence, manipulate IL-10R-mediated 
signaling pathways by inducing IL-10 production of the host or encoding 
their own IL-10 . The results of our previous in vitro and in vivo studies 
support the notion that cytomegalovirus (CMV) attenuates the antiviral 
immune responses by manipulating host innate immunity using the viral 
IL-10 homolog (cmvIL-10) . To further characterize how cmvIL-10 
orchestrates host immunity, we generated a cmvIL-10-deficient rhesus 
CMV (RhCMV) expressing SIV Gag protein (RhCMV IL-10gag) and 
compared parameters of infection to rhesus macaques infected with 
the parental virus expressing cmvIL-10 (RhCMVgag) . We discovered 
that animals infected with RhCMVgag showed markedly higher IgG 
titers for both RhCMV and SIV Gag antigens than those infected with 
RhCMV IL-10gag, suggesting that expression of cmvIL-10 during 
primary infection polarizes antiviral immunity toward Th2 responses . 
A follow-up challenge study was designed to determine the protective 
efficacy of mucosal immunity, induced by wild-type or IL-10 RhCMV, 
against reinfection . Antiviral immunity induced in the absence of 
cmvIL-10 did not prevent reinfection of RhCMV through oral-mucosal 
challenge . In contrast, 50% of wild-type RhCMV-infected animals that 
developed anti-cmvIL-10 immunity were protected. These findings 
suggest that strategies focusing on pathogen-mediated manipulation of 
IL-10 signaling pathway may be beneficial to clinics.

Key Words: PSA
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Symposium: Phosphorus utilization evaluation in feed 
ingredients for poultry: Opportunities and challenges

593S   Expressing feed phosphorus and requirement on a 
digestible basis. Olayiwola Adeola*, Purdue University, West Lafay-
ette, IN.

Quantifying the portion of dietary phosphorus that can be used in the 
body of the animal is important for formulating nutritionally adequate 
diet and for efficient production of animal products. Available phospho-
rus in feedstuffs has been historically determined using the slope-ratio 
bioassay, which involves expression of response criterion to increasing 
concentrations of phosphorus from a test feedstuff relative to that from a 
reference source . The slope-ratio bioassay commonly engages a common 
intercept multiple linear regression procedure . The relative available 
phosphorus obtained from the assay is highly dependent on, among 
others, the available phosphorus in the reference source and the response 
criterion; and the measure is not usually additive in mixed feeds . The 
most common response criteria are bone ash, phosphorus concentration, 
or breaking strength, which tend to be labor-intensive and expensive, 
and very importantly do not provide estimates of the quantity of phos-
phorus voided by animals . The use of digestible phosphorus in place 
of relative available phosphorus overcomes some of the issues listed . 
For the formulation of diets that more accurately match phosphorus 
requirement poultry with dietary supply as well as proper quantification 
of excretion of phosphorus for environmental considerations, the use of 
relative available phosphorus as a currency is nebulous . Because there is 
no difference between ileal and total-tract digestibility of phosphorus in 
swine, standardized total tract digestibility of phosphorus was adopted 
In the 11th revised edition of the nutrient requirements of swine as the 
currency for expressing the requirements of pigs for phosphorus as 
well as the utilized phosphorus in feeds . In poultry however, because 
of the contribution of urine phosphorus to the excreta in total tract, ileal 
digestible phosphorus is more appropriate than total tract phosphorus as 
a response criterion . The research community is encouraged to generate 
more data on ileal digestibility of feed ingredients for poultry and that 
the feed industry and formulating nutritionists move away from relative 
available to ileal digestible phosphorus in diet formulation for poultry .

Key Words: phosphorus, requirement, digestible

594S   Challenges for standardized phosphorus digestibility 
assays. Markus Rodehutscord*, University of Hohenheim, Stuttgart, 
Germany.

Determination of prececal digestibility of phosphorus (pcdP) has been 
suggested as the approach of choice to characterize the availability of P 
from feed raw materials and mixed diets in poultry . Mixed diets usually 
contain P sources of plant and mineral or animal origin . In plant feed 
raw materials, pcdP is closely related to gastro-intestinal degradation 
of phytate (any salt of phytic acid (myo-inositol 1,2,3,4,5,6-hexakis 
dihydrogen phosphate; InsP6)) . The broiler has the potential to hydro-
lyze about two thirds of dietary InsP6 in low-CaP diets devoid of any 
phytase . However, supplements of Ca or P or both strongly reduce 
gastro-intestinal InsP6 hydrolysis and thus digestibility of InsP6-P . 
These effects can be compensated by concurrent supplementation of 
phytase, with compensatory effects being higher at dosages exceeding 
the industry standard level of supplementation . The standard protocol 
for the determination of pcdP of the World’s Poultry Science Association 

defined restrictions in regard to dietary P and Ca levels, but it does not 
consider interactions with InsP6 hydrolysis . Thus, pcdP values of non-
plant P sources are underestimated if determined in diets that contain 
InsP6 and not corrected for InsP6 disappearance . Likewise, pcdP values 
of plant P sources are overestimated when used in diets that contain non-
plant P sources . It is suggested that chemical analysis in pcdP studies is 
extended by InsP6 determination . This suggestion is supported by results 
of a P digestibility ring test where 17 stations from Europe and North 
America collaborated in . Although the same experimental diets were 
used in this study in all stations, the determined pcdP of soybean meal 
varied from 19% to 51% between stations . Prececal InsP6 hydrolysis 
correlated well with pcdP of the diets . It was concluded from the ring 
test that factors influencing InsP6 hydrolysis were main contributors 
to the variation in pcdP between stations . These factors were probably 
related to the feeding and housing conditions of the birds in the pre-
experimental phase . Comparisons of P digestibility data from different 
studies must be made with great caution until the P digestibility protocol 
is more refined.

Key Words: phosphorus, digestibility, assays

595S   Evaluation of phosphorus digestibility response to 
exogenous phytases. Mike Bedford*, ABVista, Marlborough, United 
Kingdom.

Phytases are routinely used to replace inorganic phosphates in com-
mercial poultry rations . Inorganic phosphates are of value as most 
of the phosphate present is in the form of digestible phosphorus, ie a 
form that can be absorbed and subsequently used for growth and meta-
bolic purposes . Phytases hydrolyse phytate (IP6) and its lower esters 
(IP5,4,3,2), from plant sources, making a previously poorly digest-
ible form of phosphate more digestible, thus enabling replacement of 
inorganic phosphates . Thus the goal is to determine from a controlled, 
simple, in vivo assay, how much phytase needs to be used to produce 
a specific amount of digestible phosphorus, thus enabling a specific 
amount of inorganic P to be removed from the diet . Many factors can 
influence the digestibility value generated in any particular assay. Some 
of these are well known, particularly the level of calcium employed, age 
of the animal, vitamin D level of the diet . Nevertheless, the estimation 
of phosphate digestibility from inorganic sources is subject to variation 
even when such parameters are controlled . More strikingly, it is clear 
from Dr Rodehutscord’s paper that the estimation of the digestibility 
of phosphate from plant sources is much more complex and variable 
and may be subject to factors associated with the conditions the test 
animals are subjected to prior to the assay . Added to this is the further 
dimension that the efficacy of a phytase, ie the efficiency with which it 
can release phosphate from IP6 and lower esters, is moderated by the 
same factors that influence phosphate digestibility. As a result, a simple 
conversion factor between the phosphate provided from an inorganic 
source and the phytate phosphorus released by a given dose of phytase 
is not fixed, but depends upon the conditions under which the assay is 
conducted . The challenge for academia and the industry alike is to make 
sure these conditions are as close to those under which the phytase will 
be deployed so that its value is neither under or over-estimated .

Key Words: phosphorus, digestibility, phytases
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596S   Dietary calcium concentrations affect the determination 
of true phosphorus utilization. Kurt Perryman*, Micronutrients, 
McDonough, GA.

The effects of dietary calcium (Ca) concentrations on phosphorus (P) 
utilization are well documented . Increasing dietary Ca results in higher 
Ca:total P (tP) and Ca:non-phytate P (NPP) ratios, which have been 
demonstrated to attenuate the P utilization of feedstuffs . The World 
Poultry Science Association recommends maintaining a Ca:tP between 
1 .3:1 and 1 .4:1 when determining true P utilization (TPU) . This ratio 
was suggested based on previous research, as well as the use of a similar 
ratio in production poultry diets . However, due to inherent differences in 
feedstuff phytate P and NPP, it is impossible to simultaneously maintain 
the Ca:tP and Ca:NPP ratios when formulating titration diets required 
for the determination of TPU . The addition of Ca to maintain a constant 
Ca:tP ratio causes the Ca:NPP to become progressively higher with 
each sequential inclusion of the test feedstuff . Increasing the Ca:NPP 
results in lower P availability . Further complicating the situation, recent 
attempts to determine the TPU of several feed ingredients resulted in 
the prediction of negative endogenous P losses (EPL), which are physi-

cally impossible and occur as a consequence of regression analysis . It is 
likely that negative EPL result in the underestimation of TPU . Negative 
EPL may be attributed to increasing Ca:NPP in titration diets that main-
tained a fixed Ca:tP. In most cases where negative EPL were reported, 
researchers fed titration diets with a fixed Ca:tP. Conversely, positive 
EPL have been reported when Ca:NPP of titration diets were fixed or 
maintained below 2 .2:1 . Furthermore, formulating titration diets with 
a fixed Ca concentration produced positive estimates of EPL. Before 
a database of feedstuff TPU values can be generated, a consistent Ca 
feeding strategy must be established. Although using a fixed Ca:tP was 
initially suggested, the reported predictions of negative EPL may indicate 
a limitation to this approach . Researchers predicted positive EPL when 
titration diets had a fixed Ca or Ca:NPP ratio. However, maintaining a 
constant Ca:NPP may also have limitations, as certain feedstuffs have 
very low concentrations of NPP . Therefore, formulating titration diets 
with a fixed Ca concentration may be the most versatile method for the 
accurate determination of TPU .

Key Words: phosphorus, calcium, dietary
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Publishing Workshop: Successful publishing in poultry science journals

597S   Key components to successful publishing in Poultry Sci-
ence Association journals. John Carey1 and Robert Taylor*2, 1Texas 
A&M University, College Station, TX, 2West Virginia University, 
Morgantown, WV.

The Poultry Science Association publishes 2 journals: Journal of 
Applied Poultry Research and Poultry Science . Each journal has certain 
unique characteristics but common features as well . This presentation 
highlights key elements to successful publishing of scientific works in 
the journals. The process begins with a specific scientific question or a 
specific problem. The next step is designing studies to answer the ques-
tion or to address the problem . The tests should have adequate, replicated 
experimental units. Repeating studies to confirm outcomes enhances 
the validity of results . When appropriate data analyses are complete, 
manuscript preparation may begin . Each journal has its own author 
instructions that detail the manuscript format . If needed, an English 

editing service may assist authors with language and syntax . Neither 
editors nor reviewers will provide extensive language corrections . The 
titles of tables and legends of figures should present a complete explana-
tion of the data such that the reader understands the procedures used . In 
other words, the titles should stand-alone . Supplementary material may 
be included for online publication . References and the in-text citation 
formats follow the specific journal. Manuscripts must avoid significant 
overlap with published works including those of the authors . Manuscript 
reviews should assist authors in producing a better document . A key ele-
ment of the peer-review process is the commitment from the academy 
to conduct reviews of other’s manuscripts . The entire process falters if 
reviewers overlook or neglect this critical element .

Key Words: publishing, success, Poultry Science, Journal of Applied 
Poultry Research
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Industry Forum—Unresolved issues facing the poultry industry

598S   Alternatives to skip-a-day feeding of pullets. Carla 
Aranibar, Ashley Owen, and Jeanna Wilson*, University of Georgia, 
Athens, GA.

It is necessary to feed restrict broiler breeders to keep them a reason-
able body weight that allows for a good number of fertile eggs . Feeding 
programs were developed more than 30 years ago that offer a large 
volume of feed one day and no feed on the next day (skip-a-day) . 
There are many variations of this program, but the premise is that the 
large volume of feed fills the aggressive birds and the remaining feed is 
consumed by the less aggressive birds . Thus this program spreads the 
feed more uniformly than feeding a small volume daily . With increased 
feed efficiency of these meat birds in recent years the feed volumes are 
decreasing and the performance is more variable under commercial 
conditions . These birds are also more cannibalistic . Feeding a small 
amount of feed on a daily basis is not the solution unless the feed is 
pelleted and broadcast or spun onto the litter . This method improved 
performance and resulted in hens with more robust immune systems; 
however, there is concern that floor eating will lead to more cocci and 
black head challenges, along with increased cost of pelleting . Feeding 
more dilute diets appears to have promise but increases the cost of the 
diets due to added ingredient expense, inconsistent availability of the 
diluents, potential manure moisture issues and increased expense of 
storing and transporting a more dilute diet . Another solution maybe 
offering a diluent like soy hulls on the off feed day in a typical skip-
a-day feeding program that will occupy the birds and give some oral 
satiation . This method improved performance through 40 weeks of age . 
Again, expenses were increased with having to store and transport the 
soy hulls . In general, when pullets are fed daily they perform better and 
well-being is improved . We need to determine a cost effective method 
of delivering nutrients on a daily basis .

Key Words: skip-a-day feeding, alternatives, pullets

599S   Keel deformities in laying hens. Darrin Karcher*, Purdue 
University, West Lafayette, IN.

The laying hen industry is moving toward new housing systems because 
of perceived better animal welfare . A housing system that provides 
the opportunity for more behaviors to be performed is beneficial, but 
both positive and negative implications on laying hen well-being are 
observed . Laying hens have increased levels of activity and this cor-
relates to a positive influence on the skeletal system. However, the keel 
bone has been observed and reported to be negatively impacted . Most 
published literature has been generated in European housing systems 
where the laying hen genetics, system designs, and flock size are differ-
ent from the US Some investigations into keel bone concerns in North 
American commercial flocks have been explored finding similar con-
cerns that have been reported out of Europe . An international workgroup 
was created to share information on keel bone issues and have defined 
a method to more clearly delineate the breakage and deformation that 

occur in the keel bone . This would allow for a more robust approach 
to identifying the factors that may be important in mitigating keel bone 
deformations around the world . However, a disconnect exists between 
research trials and commercial trials where published data reported 
a decrease in egg production and change in hen behavior, but those 
observations are not the same in the commercial setting . Additionally, 
understanding the welfare implications, impact on commercial pro-
duction, and changes to the laying hens’ behavior needs to be further 
investigated . The presentation will provide a summation of current keel 
bone knowledge and identification of research gaps.

Key Words: keel deformities, laying hen, welfare

600S   The challenge with skeletal soundness in commercial 
turkeys. Michael Lilburn*, The Ohio State University, Wooster, OH.

Production norms for heavy toms have changed significantly over the 
last 30 years . Between 1963 and 1992, body weight (BW) of commer-
cial toms at 18 wk doubled (8 to 16 kg) and today, similar age toms 
can weigh 21 kg with correlated increases in breast yield. “Leg issues” 
continue to be a management challenge but what has changed somewhat 
is the form of leg problems . Turkey breeders continue to emphasize BW 
and breast yield but biologically, skeletal development has remained 
somewhat constant . The age-associated changes in the pattern of tibia 
and femur growth (length, width) have remained relatively constant 
with linear skeletal growth largely finished at approximately 12–14 wk. 
However, the ratio of BW to linear skeletal dimensions has changed, 
i .e ., when skeletal growth is 90–100% complete, 20 kg toms have only 
attained 40–50% of their final BW and this ratio becomes even greater 
at heavier BW. Production for “antibiotic free” markets emphasizes the 
importance of “gut health” and early skeletal development. Many com-
panies have moved to large brooder hubs and poults are often shipped a 
considerable distance before placement . Anticoccidial vaccination has 
become a regular component of shuttle programs along with selective 
chemical coccidiostats and in some instances ionophores (retail customer 
dependent) and the extent to which coccidiosis challenges contribute 
to secondary nutritional effects or osteomyelitis is a common discus-
sion topic in the field. Lastly, as the tibia or femur mature, the cortical 
region (outer calcified ring) peaks in thickness at approximately 8–10 
wk before undergoing a progressive decline and plateau at ~15 wks . 
This is a heavily calcified region of the bone and is therefore susceptible 
to any factors that would influence mineralization, particularly during 
the earlier stages of growth . In summary, BW and muscle depots of 
commercial turkeys will continue to change faster than the underlying 
skeletal support system, this is not a new or novel observation . The dif-
ference, however, is the diminishing number of tools available to deal 
with these changes without adapting new paradigms for production, 
particularly during the first half of the production cycle.

Key Words: skeletal, soundness, turkeys
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Symposium: Relevance of starch in poultry diets

601S   Starch digestion in fowl: Granule, amylose-amylopectin, 
and GI tract. Edwin Moran*, Auburn University, Auburn, AL.

Structure and stability of the starch granule impact the location and 
extent of digestion. Amylose is an α-1,4-glucose polymer of 22–28 units 
that self assembles into an insoluble helix while amylopectin employs 
α-1,6 terminal connections at the reducing end to accrue helices in a 
bush-like aggregate . Lateral hydrogen-bonding of helices may involve 
intervening water to minimize their relationship or directly associate to 
impair ready dissociation . Ordinary starches are 75:25 combinations of 
amylopectin:amylose which combined in granules appear as successive 
laminar layers of helices allowing their non-reducing ends to provide 
a uniform surface . Such layers stabilize granule structure as the helix 
polymer lengthens and with decreased water participating in helice 
bonding . A small amount of microbial digestion in the crop precedes 
its dominant granule dissolution in the small intestine . Pancreatic 
α-amylase dismembers the granule in a manner that depends on lateral 
access to the helix . Release of maltose and maltotriose from the amylose 
helix includes α-limit dextrins when a α-1,6-linkage with amylopectin 
exists . Starch sources having granules of increasing stability impair 
the rate of amylase-dependent granule erosion . Granule gelatinization 
destabilizes the granule by surface entry of water facilitated by heat 
treatments that minimize crystallization . Varying sources of starch 
and an array of conditions involved with harvest and food treatments 
preceding consumption, in turn, varying the extent of digestion while 
passing through the small intestine . Motility carries digestion products 
to the unstirred water layer to initiate absorption, then final digestion 
at the enterocyte surface by maltase and α-limit dextrinase formalize 
glucose for membrane recovery . Completion of starch digestion before 
the end of the small intestine optimizes its net energy . Incompletely 
digested starch in the large intestine feeds the microbial community . 
End product VFA’s are absorbed to support mucosal needs with excess 
amounts being transferred to the portal system, liver, and body use . 
Body metabolism of VFA represents a loss in NE from that provided 
by precursor glucose, while ME suffers should excretion occur . Starch 
digestion is not a fixed quantity but may vary with many alterations to 
the granule arising from plant source through harvesting conditions to 
feed manufacture before entering the GI tract .

Key Words: starch, digestibility, granule, amylose, amylopectin

602S   Starch structure and factors that influence starch digest-
ibility. Yong-Cheng Shi*, Kansas State University, Manhattan, KS.

Native starches occur in higher plants as granules and can be viewed 
as partially crystalline polymers . The crystallinity of native starches 
is about 15 to 40%, as measured by x-ray diffraction . Starches from 
different botanical sources (e .g ., corn, wheat, sorghum, barley, peas, 
and beans) have different enzyme digestibility . Many factors including 
starch composition, granular morphology, surface organization (e .g ., 
pores), granular architecture, type of crystal polymorph, granular size, 
and the presence of compound granules have been suggested to have 
large effects on the rate and extent of enzymatic hydrolysis . However, 
the exact underlying mechanism of relative resistance of starch gran-
ules is complicated and not well understood because those factors are 
often interconnected . In addition, the susceptibility of starch granules 
to enzymes and the extent of enzymatic hydrolysis are controlled 
by enzyme sources, enzyme and substrate concentration, hydrolysis 
temperature, and time, as well as the presence of other components 

(e .g ., protein) . Processing conditions such as grinding, hydrothermal 
treatment, pelleting also affect starch digestibility and the underlying 
causes will be discussed .

Key Words: starch, structure, digestibility

603S   Intestinal flow and starch digestion dynamics as influ-
enced by feeding pattern, structural components and feed form. 
Birger Svihus*, Norwegian University of Life Science, Husdyrfag-
bygget, Norway.

A well-functioning small intestine is important for maximal nutrient 
retention, particularly in bird species such as commercial poultry spe-
cies, where retention time is short. In addition to maximizing profit, 
minimizing nutrient loss may secure intestinal health by impeding 
microflora proliferation, and may improve welfare through a better litter 
quality . Flow dynamics through the digestive tract will dictate retention 
time in the different segments, and thus will be crucial for the digestion 
process. It is well known that reflux is an important aspect of the diges-
tion process in poultry, possibly as an adaptation to a relatively short 
digestive tract. The gizzard-proventricular and the cloacal-cecal reflux 
have been known for a very long time, and the duodenal-gastric reflux 
was famously described by Gary Dukes at Minnesota University more 
than 30 years ago. Lately, data have emerged indicating reflux along 
the whole digestive tract from cloaca through to the crop, although 
these findings needs to be demonstrated beyond doubt. Studies at our 
lab have shown an extremely rapid flow of feed into the small intestine 
when starvation has preceded feeding . Within one hour, the whole small 
intestine will be full, with only minor signs of digestion and absorption . 
For example, average starch content in the ileum was higher than 30% 
for starved broiler chickens one hour after commencement of feeding . 
Despite this apparent overflow of feed into the small intestine, analysis 
of excreta has not revealed a very high starch content, indicating either 
that starch is digested along the whole small intestine, or that it is refluxed 
and digested in the duodenum and jejunum . However, a high concentra-
tion of starch in the excreta is sometimes observed during the first hours 
after starvation and refeeding, indicating that digestion is sometimes 
suboptimal . Interestingly, stimulation of gizzard function through the 
use of structural components seems to impede flow of material into the 
small intestine, indicating a regulative function of the gizzard in feed 
flow. Also, some data indicate that this potential overflow of material 
into the small intestine is affected by feed form .

Key Words: starch, digestion, feeding pattern, feed form

604S   The relevance of starch and protein digestive dynamics 
in poultry. Peter Selle*, University of Sydney, Sydney, New South 
Wales, Australia.

The concept of starch and protein digestive dynamics is based on the 
fundamental premise that an ideal balance of glucose and amino acids 
must be provided at sites of skeletal muscle protein synthesis to avoid 
wastage of surplus nutrients and maximize efficient growth. The post-
enteral availability of glucose and amino acids is also dependent on 
their metabolic fates in enterocytes during their transition across the 
gut mucosa and entry into the portal circulation . Static digestibility 
coefficients of starch and protein/amino acids are usually determined 
in the terminal ileum despite the fact that intestinal uptakes of glucose 
and amino acids take place mainly in the jejunum . Digestive dynamics 
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take the extents, rates and sites of glucose and amino acid absorption 
along the small intestine and their entry into the portal circulation into 
account . During their transition across the gut mucosa, either glucose 
or amino acids, especially glutamate/glutamine, are catabolised in avian 
enterocytes for energy provision to drive digestive processes in the gut 
and are thereby denied entry into the portal circulation . Thus, digestive 
dynamics should be considered as a 3-tier process: digestion of protein 
and starch in the gut lumen, absorption of amino acids and glucose 
along the small intestine and their transition across the gut mucosa into 
the portal circulation . A pivotal issue is whether or not the ‘catabolic 
ratio’ in the gut mucosa can be manipulated by dietary strategies . While 
speculative, our contention is that rapidly digestible protein may be 
a more potent force in this and other respects than slowly digestible 
starch . The provision of rapidly digestible protein linearly increased 
protein (N) digestibility coefficients and disappearance rates in the distal 
jejunum, proximal ileum and distal ileum to highly significant extents. 
However, rapidly digestible protein also significantly increased starch 
digestibility coefficients in both ileal segments (P < 0 .005) and starch 
disappearance rates in all 4 small intestinal segments (P < 0 .01) . There 
is considerable interest in the successful development of low-protein 
diets which axiomatically contain high levels of synthetic amino acids . 
The relevance of starch and protein digestive dynamics in poultry will 
become increasingly apparent if the challenge of successfully developing 
low-protein diets is to be met in the future .

Key Words: starch, protein, digestion, dynamics

605S   Exogenous amylase, what do we know? Aaron Cowieson1 
and Sergio Vieira*2, 1DSM Nutritional Products, Kaiserugst, Switzer-
land, 2Université Federal Rio Grande do Sul, Porto Alegre, Brazil.

Exogenous enzymes have been used to increase the digestibility of 
economically relevant nutrients in poultry nutrition for several decades . 
Substantial research has been published on the usefulness of xylanases, 

glucanases, proteases and phytase but exogenous amylase has not been 
as systematically explored, especially as a mono-component supplement . 
This is surprising as poultry diets contain substantial concentrations of 
starch (circa 400g/kg) and even modest variance in digestibility can 
have profound effects on digestible energy . The lack of published work 
on exogenous amylase could be linked to the assumption that starch 
digestibility is generally high and unlikely to respond to exogenous 
enzyme supplementation . However, the few studies conducted with 
‘pure’ (i .e ., not as a component part of an admixture) microbial amylase 
suggest that improvements in the digestibility of starch (and energy) 
can be achieved . Furthermore, there may be scope for augmentation 
of endogenous systems with exogenous amylase specifically to reduce 
pancreatic amylase production, presumably with commensurate net 
energy benefits. An impediment to more widespread use of exogenous 
amylase in poultry diets is a lack of systematic information on variance 
in starch digestibility and resistant starch concentrations in primary feed 
ingredients such as corn, wheat, sorghum, barley and peas . Additionally, 
there is lack of clarity on starch digestion dynamics, the (a)synchrony 
of this with amino acid digestion and how these factors may interact 
with growth performance at different life stages . Thus, while it would 
be unequivocally advantageous for further published work on amylase 
in poultry production to be produced, an important prerequisite (to set 
context) would be systematic evaluation of starch digestion in various 
diets, dietary ingredients and in birds of differing age . It can be con-
cluded, albeit from a relatively low number of published papers, that 
exogenous amylase can increase the digestibility of starch and energy in 
poultry diets . Furthermore, this may be associated with a commensurate 
reduction in pancreatic amylase production . Whether these effects are 
independent of the presence of other enzymes such as phytase or xyla-
nase is unclear but a degree of sub-additivity is expected . Nevertheless, 
exogenous amylase is an exciting and under-explored area and offers 
considerable potential as part of a strategic feed enzyme solution .

Key Words: exogenous, amylase, nutrition, diet
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Symposium: The future is already here: Applications 
of technology to poultry health and welfare

606S   Technologies in poultry research and production: recent 
advances and future directions. Maja Makagon*, University of 
California, Davis, Davis, CA.

Technological advances have led have to a rapid increase in the variety 
and availability of animal sensors, monitoring systems and data man-
agement software . This talk will provide an overview of the types of 
technologies available for monitoring poultry health and welfare, high-
lighting their applications for research and production . The limitations 
available systems will be discussed . It will be argued that a transdisci-
plinary approach offers the most efficient path toward solving many of 
the identified shortcomings.

Key Words: technology, welfare, sensors

607S   Precision livestock farming. Daniel Berckmans*, KU 
Leuven, Leuven, Belgium.

The size of livestock farms has increased dramatically in recent times, 
that resulted in large number of animals or birds cared for by decreasing 
number of livestock producers . Precision Livestock Farming (PLF) can 
assist livestock producers through automated, continuous monitoring of 
the animals . The observation data can be translated into key indicators on 
animal welfare, animal health, productivity and environmental impact . 
Highly experienced European teams from different disciplines with a 
proven track record in animal and PLF-related fields (animal scientists, 
veterinarians, ethologists, bio-engineers, engineers, social scientists and 
economists, leading industrial market players in the livestock industry 
and high tech SME’s) joined the PLF EU Project to deliver a Blueprint of 
the potential of technology apply to this field. This blueprint represents 
a manual for farmers and high tech SME’s that are keen to develop new 
PLF tools . It is a reference tool offering pragmatic guidance on how 
Precision Livestock Farming (PLF) systems can be applied on farm level 
to create value for the farmer and other stakeholders . Several PLF tools 
have been developed so far at laboratory level and as prototypes some 
of which have been put into practice . The process of making those tools 
operational for the end-use, with a focus in poultry, and the potential 
offered by the different technologies developed will be addressed .

Key Words: automated, continuous, monitoring

608S   Optical flow analysis for real-time monitoring of broiler 
welfare and health. Marian Dawkins*, University of Oxford, Oxford, 
United Kingdom.

Optical Flow is a particular type of image analysis that has been use to 
study diverse phenomena such as traffic flows or glazier movements. 
Dawkins used a combination of inexpensive camera equipment and 
statistical analysis of optical flow patterns to analyze the behavior of 24 
commercial broiler (meat) chicken flocks, Gallus gallus . Individual birds 
were not tracked or marked but the skew and kurtosis of flow patterns 
produced by the collective movements of the flocks were significantly 
correlated with key welfare measures such as % mortality, numbers of 
birds with hock burn (damaged leg skin) and abnormal walking behav-
ior (poor gaits) in individual birds . These correlations were already 
apparent in birds as young as 15–20 d. Optical flow patterns provided 
an information-rich link between flock and individual that could be 

important in the development of new ways of assessing the welfare of, 
and managing, broiler chickens . More recent studies (Colles et al ., 2016) 
demonstrated that flock movement analyzed by optical flow techniques 
permitted to detect flocks at higher risk of having campylobacter within 
the first 7–10 d of life, much earlier than conventional on-farm microbio-
logical methods . Thus optical fowl seems to be an accessible technology 
with very interesting applications to improve poultry health and welfare .

Key Words: optical flow, behavior, monitoring

609S   Sensing technologies and their application in poultry 
welfare. Wayne Daley*, Georgia Tech, Atlanta, GA.

In an informal survey 100% of live production professionals relate that if 
they can see and hear broilers and breeders they are able to make a good 
determination of their status in regard to their condition and wellbeing . 
It has been challenging to provide this same level of perspicacity to 
non-human monitoring and control systems . The end goal, is to develop 
feedback systems that monitor the birds and determines the necessary 
controls to effect actions that optimize management decisions that guide 
all aspects of live production . Developing the approach to directly 
convert to numbers what people hear and see to allow for machines to 
make decisions has proven to be less than trivial . Advances are being 
made and the needed technology is approaching cost levels that make 
implementation more cost effective . In this talk we will discuss the 
proposed approaches and implementation .

Key Words: sensoring, technology, live production

610S   The App universe: pocket tools to improve health and 
welfare. Inma Estevez*, Neiker-Tecnalia, Vitoria-Gasteiz, Alava, 
Spain.

In modern poultry production, increasing attention is being paid to 
the concept of animal welfare for both societal and economic reasons, 
testifying to the need for simple yet sophisticated tools and assessment 
protocols that ascertain the welfare status of farm animals . It is essential 
that such tools and protocols are science-based, reliable and practical for 
use on farms . Welfare assessment on commercial meat poultry farms is 
especially difficult because of the large flock sizes. Health assessments 
are traditionally performed via a walk-through, visual inspection, mean-
ing that the inspection is qualitative and varies according to the experi-
ence of the responsible person . While such inspections are useful, they 
are subjective and do not provide quantitative data that can be used to 
make comparisons between the health status of birds within or between 
farms . In response, Estevez and her collaborators have been working on 
the development of a reliable protocol for on-farm meat poultry welfare 
assessment . These studies have resulted in the creation of innovative 
apps, the i-WatchTurkey and the i-Watchbroiler app . These are the 
first apps developed with the purpose of evaluating on-farm health and 
welfare. These innovative apps facilitate the quantification and rating of 
the health and welfare status of poultry immediately following inspec-
tion . The data obtained give farmers vital information about the health 
of their current flock, and permit comparisons with previous flocks to 
determine measures for health and welfare improvement . Moreover, 
regular check-ups using the apps could lead to the early detection of 
potential health issues and thus allow farmers to introduce mitigating 
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strategies, therefore improving the welfare of the flock and increasing 
the overall economic return to farmers .

Key Words: flock health, welfare, apps, technology

611S   Big data: The real crystal ball to predict the future? 
Rachel Hawken*, Cobb-Vantress, Siloam Springs, AR.

In 2016, the world’s broiler production was estimated at 50 billion . 
Historically, these broilers have been supplied through a production 
pipeline with ‘small’, precisely managed breeding nuclei at the top of 
the pyramid . Within these nuclei, complexity is reduced through design . 
Data analyses utilized within this design exploit the structure; indeed, the 
models used to predict and select for improved broiler performance are 

conditional and dependent on this structure . Despite these constraints, 
the breeding industry has been very successful in producing breeding 
stock that perform well in multiple global environments . Big-data 
though, offers the potential to do more . Methods and tools for big-data 
are less dependent on structure, and allow us to consider utilizing the 
vast quantities of data that exist across the production pipeline, across 
global environments . The challenge is to appropriately link these big-
data analyses to selection decisions on individual breeding nuclei birds . 
This presentation will focus on the challenges and opportunities of 
structured and unstructured big data in ensuring the continued improve-
ment of global chicken production .

Key Words: big data, health, welfare
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Symposium: Oxidative stress

612S   Efficiency and oxidative metabolism: The difficult bal-
ance. Walter Bottje*, University of Arkansas, Fayetteville, AR.

Understanding the regulation of oxidative metabolism appears key to 
develop highly efficient birds. An extensive review of the global gene 
and protein expression data sets obtained from muscles of high and low 
feed efficient (FE) birds allowed to identify the relationships between 
genes/proteins and feed efficiency. The analysis is also enlarged to take 
into account all data involved (directly or indirectly) in antioxidant 
protection of cells . Such an approach of investigating the relationship 
between feed efficiency, redox balance and antioxidant capacity is the 
only way to refine the understanding of feed efficiency in poultry produc-
tion . Recent data have been obtained on NFE2L2 (previously referred to 
as Nrf2) that orchestrates antioxidant response to oxidative stress . Indeed 
investigating the gene expression for NFE2L2 in tissues from quail 
and broilers individually phenotyped for feed efficiency shows strong 
relationships thus indicating their roles as major regulators . However 
some downstream targets (SOD1, SOD2 and glutathione peroxidase) 
were also identified. Redox balance is clearly a strong modulator of 
feed efficiency that should be better taken into account for improving 
bird performance and productivity .

Key Words: PSA

613S   Nutritional modulation of the antioxidant capacities in 
poultry. Peter Surai*, Feed-Food Ltd, Scotland, United Kingdom.

Antioxidant system of poultry includes 3 major levels of defense . The 
first line is based on antioxidant enzymes, including SOD, GSH-Px and 
Catalase . The second level of defense is built by natural antioxidants, 
including vitamin E, but they perform only first part of the job detoxi-
fying peroxyl radical (ROO*) and producing hydroperoxide ROOH 
which is still toxic and must be detoxifying by Se-GSH-Px . The third 
level of antioxidant defense is based on specific enzymes involved in 
repairing various molecules damaged by free radicals . In the body, all 
antioxidants are interacting with each other providing a team work, 
called antioxidant defense . In this team every member has its own job 
to do and Se is called chief executive of antioxidant defense . A major 
strategy of nutritional modulation of antioxidant defenses includes 
adding antioxidant into the poultry diet . This includes, vitamin, selenium, 
carotenoids, flavonoids (polyphenols) and some other antioxidants. 
Analysis of research data on modulation of antioxidant defenses by 
increasing levels of antioxidants in poultry diets indicates that Se has 
a special role, since its efficacy depends on the form of Se (organic vs 
inorganic) used in the supplement . Indeed, it has been proven that major 
effect of dietary Se is related to building Se reserves in the body in the 
form of SeMet which can be used in stress conditions when Se require-
ment increases but feed consumption usually goes down . Therefore, 
stresses increase proteasome activities dealing with protein catabolism 
releasing SeMet which is an additional source of Se for selenoprotein 
synthesis, giving additional protection . The main dietary strategy is to 
transfer as much as possible Se to the muscles (building Se reserves 
in breeders, layers and broilers) and to the egg, improving antioxidant 
defenses of the developing embryo at time of hatching, a stressful period 
in chicken life. Therefore, a comparison of efficacy of different forms of 
Se in the maternal diet as well as in chicken diet is an important point 
to be addressed . In conclusion, the choice of effective antioxidants is 
the most important step in building antioxidant defense program for 
poultry . However, some well-advertised natural antioxidants based on 

plant extracts are not proven to be antioxidants in biological systems . 
Therefore, there is a lot of food for thoughts for a poultry nutritionist .

Key Words: PSA

614S   From oxidative stress to Inflammation: Redox balance 
and immune system. Charlotte Lauridsen*, Aarhus University, Tjele, 
Denmark.

The purpose of this lecture is to review the role of dietary vitamins, 
fatty acids and antioxidant in relation to gut health and productivity 
of animals . The importance will be given on the immune response in 
relation with redox balance and antioxidant potential . Special emphasis 
will be given to the role of the nutrients and bioactive substance in the 
modulation and prevention of oxidative stress and inflammatory reac-
tions in relation to infectious diseases such as post weaning diarrhea in 
piglets or oxidative challenged chicks .

Key Words: PSA

615S   Avian selenogenome: Response to dietary Se and protec-
tion against oxidative insults. Xingen Lei*, Cornell University, 
Ithaca, New York, United States.

Selenium (Se) is an essential nutrient of trace element for humans 
and all food-producing animal species. Nutritional deficiencies of Se 
and(or) vitamin E induce exudative diathesis, nutritional pancreatic 
atrophy, and nutritional muscular dystrophy in chicks . Metabolic roles 
of Se are presumably attributed to its presence as the 21st amino acid, 
selenocysteine (Se-Cys, U) in slenoproteins . A total of 26 selenoprotein 
genes were identified in avian species. Differential regulations of the 
whole selenogenome expression by different concentrations and(or) 
chemical forms of dietary Se have been studied in broilers and turkeys . 
The 3 classical Se/vitamin E deficiency diseases could be replicated 
in broiler chicks by feeding them a practical corn-soy diet produced 
in the Se-deficient area. Subsequently, 7 selenoprotein genes (Gpx1, 
Gpx4, Selenow, Selenon, Selenop, Selenoo, and Selenok), coding for 
oxidation- and/or lesion-protective proteins, were found to mediate the 
protection conferred by dietary Se against exudative diathesis . Like-
wise, 6 selenoproteins, namely SELENOP, GPX1, GPX4, SELENOF, 
SELENOW, and SELENON, were shown to exert a similar role in the 
protection against nutritional muscular dystrophy .

Key Words: PSA

616S   Meat: From muscle to food—Oxidative challenges and 
developmental anomalies. Michael Lilburn*, Ohio State University, 
Wooster, OH.

Free radicals can be generated in mitochondria as a byproduct of normal 
oxidative metabolism and subsequently initiate the formation of reactive 
oxygen species (ROS) such as hydroxyl radicals and the superoxide 
anion . The generation of ROS can lead to the production of hydrogen 
peroxide and the subsequent generation of more hydroxyl radicals . 
These same free radicals, however, can also be the co-products of cel-
lular metabolism and have been implicated in a host of human health 
issues . With respect to animal nutrition, Vitamin E has been extensively 
researched for its role in maintaining cell membrane integrity in vivo, 
prolonging the shelf-life of muscle products and facilitating several 
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immune response mechanisms . Vitamin E, however, does not work 
in a vacuum . It has long been recognized that there is a coordinated 
“anti-oxidant” system which includes direct effects of Vitamin C and 
indirect roles for Se, Mn, Cu and Zn as cofactors for selected anti-oxidant 
enzymes (i .e ., glutathione peroxidase; superoxide dismutase) . Recently, 
“oxidative stress” has been implicated in the etiology of a breast muscle 
anomaly in poultry called “white striping/woody breast.” There is a 

hypothesis that the extensive accretion of breast muscle protein in a 
poorly vascularized “white muscle” overwhelms the in vivo mechanisms 
for coping with the excessive production of ROS in heavy, high yielding 
birds . Recent gene expression data supports this hypothesis .

Key Words: PSA
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Symposium: Vegetative buffers for environmental 
stewardship on poultry farms

617S   Landscaping and screening at the urban-rural interface 
for mitigation. Jonathan Moyle*, University of Maryland, Salisbury, 
MD.

Buffers are an important part of maintaining good relationships with 
neighbors and surrounding communities . Properly placed buffers can 
improve the “curb appeal” of the farm and can help reduce complaints 
by screen farms from view . Additionally, properly placed buffers can 
reduce dust and noise caused by fans, which is of increasing importance 
as new poultry housing is typically larger than those built in the past . 
However, as populations are moving into traditional farming areas, 
Extension personnel most also work with the local governments as well 
as the Poultry industry to help them understand the role that buffers can 
play in reducing conflicts. It is important to help these local government 
groups as they develop new requirements for poultry operations so that 
the concerns of both the grower and their neighbors are met . This is 
particularly important in areas that are experiencing growth in both the 
poultry industry and in rural populations .

Key Words: landscape, screening, urban-rural interface

618S   Vegetative buffers for poultry ammonia, particulate and 
virus emissions. R . Michael Hulet*, Penn State University, Univer-
sity Park, PA.

The NRC committee on Air Emissions from Animal Feeding Operations 
summarized that ammonia and particulate matter (PM) are major and 
significant issues for atmospheric deposition, haze and public health at 
both a global and local level . Bio-aerosol and PM emissions include 
airborne microorganisms such as viruses, fungi, molds, bacteria and 
their endotoxins that are health issues for people and poultry alike . 
Because poultry farms have the potential to generate and release these 
environmental contaminants, there is an obligation to measure and 
control these emissions for the sustainability of the poultry industry . 
Vegetative buffers are just one tool to reduce these emissions . Laboratory 
scale measurements have demonstrated the ability of grasses, shrubs 
and trees to scrub atmospheric ammonia and deposit the nitrogen in 
their leaves and biomass (2 to 10% increases over controls) . Ammonia 
is taken up by the plants stomata and the nitrogen is utilized for plant 
amino acid and protein metabolism . Additional studies at the exhaust 
fans in poultry barns demonstrated reduced atmospheric ammonia in 
the presence of vegetative buffers and that plant species differ in their 
affinity for ammonia. Field studies on commercial broiler, turkey and egg 
farms demonstrated greater buffer nitrogen (3 .75%) and dry matter in 
those plants near the fans vs . controls away from the barns (2 .32%) . Leaf 
architecture and surface features (sticky, hairy etc.) influence PM affin-
ity and particle sizes trapped by a buffer . Studies have demonstrated an 
8-fold greater capture of poultry house PM-2 .5 among willow compared 
with juniper and a 2-fold greater capture of PM-10 by juniper over the 
willow . Multi-species vegetative buffers on a commercial egg farm were 
used to protect naïve pullets downwind of hen barns boosted with live 
Newcastle/Bronchitis spray vaccine . The buffer reduced serum NDV 
and serum and cloaca IBV among the pullets and increased the time to 
exposure compared with control birds with no vegetative buffer protec-
tion . There is a need for multi-species buffers to optimize the capture of 
all types of poultry house emissions . Buffers are just one tool to use in 
reducing emissions . Vegetative buffers are low cost and there are cost 

share programs and technical advice available from USDANRCS for 
their establishment .

Key Words: vegetative buffers, ammonia, particulate matter, virus 
emissions

619S   Odor: Perception, indexing and mitigation. Robert Mike-
sell*, Penn State University, State College, PA.

The odor pathway involves 3 steps: odor generation, odor transport, and 
odor reception . The third step of the process varies depending on the 
sensitivity of the receptor’s nose as well as how the odor is perceived 
or interpreted in the receptor’s brain . Vegetation surrounding livestock 
and poultry farms interrupts this pathway at 2 points: Odor transport 
and odor reception/perception . Measurable odor reduction has been well 
documented and can be accomplished by using existing woodland when 
siting new facilities or by establishing planned vegetative shelterbelts 
after building construction . Simply, dense vegetation taller than the 
building fan housing disrupts the odor plume and causes odorous air 
to mix and dilute with fresh air . Utilizing existing intervening vegeta-
tion as a buffer between the odor source and receptors improves the 
Pennsylvania Odor Siting Index score for newly constructed farms, 
but may not be available for existing operations . Planned shelterbelts 
may take several years to become effective depending on growth rate 
and leaf density of selected plant material . Aside from measurable odor 
reduction, vegetative screening appears to improve neighbor relations by 
altering odor perception . Numerous anecdotal reports indicate that limit-
ing or eliminating visibility from neighboring homes and public roads 
reduces complaints and neighborhood conflict. Strategies to limit facil-
ity visibility are encouraged by the Pennsylvania odor program . When 
production facilities are visible, either the addition of plant material via 
landscaping or the establishment of vegetative shelterbelts designed to 
reduce odor can improve the attractiveness of the farm . Farms deemed 
more attractive have a reduced potential for odor complaints .

Key Words: odor, indexing, mitigation

620S   Riparian buffers for water management and quality. 
Heather Gall*, Penn State University, State College, PA.

Commercial poultry and livestock farms produce the vast majority of the 
meat, eggs, and milk that are consumed in the United States . However, 
due to the high concentration of animals in a small space (e .g ., concen-
trated animal feeding operations), coping with large volumes of waste is 
a challenge that most of these facilities face . Inadequate storage and/or 
poor nutrient management plans pose a significant water quality threat 
in the Chesapeake Bay watershed . Pennsylvania contributes ~40% of 
the excess nutrients that reach the Chesapeake Bay, and is expected to 
reduce its impact on water quality through the implementation of best 
management practices, including vegetated filter strips (VFSs) and for-
ested buffers . VFSs are generally reported to have high nutrient removal 
efficiencies (i.e., 70 – 95%); however, these reported removal efficien-
cies are an average of efficiencies observed or simulated for individual 
events . We argue that due to (1) strong temporal inequality exhibited 
in sediment transport, (2) positively correlated concentration-discharge 
relationships, and (3) decreasing VFS performance with increasing flow 
rates, the removal efficiency on an annualized scale is significantly 
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lower than the per-event averages typically reported in the literature and 
used in water quality models . We use a stochastic approach to compare 
the average performance of VFSs on an event-by-event basis over the 
course of one year to the total annual removal efficiency by running 100 
one-year simulations at a daily time scale. Our findings suggest that the 
high removal efficiencies generally reported for VFSs are misleading. 
Annual removal efficiencies may be as low as ~40 – 45% despite the 
average per-event removal efficiency being >70%. We suggest that a 
holistic, annual-scale approach that recognizes the importance of “hot 
moments” and temporal inequality is necessary for better assessing and 
predicting the potential for VFSs to achieve load reduction goals . We 
will compare the poultry farm field data with modeled efficiencies using 
a stochastic approach at a daily time scale for total annual removal .

Key Words: riparian buffers, water management, water quality

621S   Vegetative buffers: From biomass to bedding. Amy Bark-
ley*, Penn State University, University Park, PA.

Vegetative buffers have a multitude of uses and benefits, including 
their use as renewable, alternative bedding sources for poultry, which 
can later be used as alternative fuel sources with which to brood young 
birds . These plant species can be harvested from buffers surrounding a 
poultry house or alternatively planted on their own as field crops. Few 
differences in performance or welfare of birds reared on the alternative 
beddings have been found when compared with softwood shavings . 
Comparing chopped Miscanthus against an industry fine softwood 
shaving in a commercial broiler barn, it was determined that physical 
properties of the bedding have the potential to impact bird welfare and 
performance . To evaluate 3 different bedding lengths, chopped switch-
grass, another popular warm season grass produced in Pennsylvania, was 
compared with a commercial softwood control shaving in a replicated 
pen trial . Physical parameters including moisture, pH, density, particle 
distribution, moisture holding and evaporative loss potentials, and nutri-
ent and energy composition were evaluated . Once the beddings were 
characterized, straight run Hubbard Redbro chicks were reared on the 
treatments to 8 weeks with bedding depth, pH, and moisture evaluated 
over the course of the grow out . At the end of the trial, litter nutrient and 
energy evaluations were performed again in addition to measurements 
of ammonia flux. These promising pen trials became the cornerstone of 
the 2 most recent projects currently in progress at a commercial broiler 
farm. The first trial is comparing the effects of 2 switchgrass beddings 
with known particle sizes on bird and bedding parameters, while the 
second trial evaluates willow chips compared with the cooperator’s 
standard hardwood shavings . After application as a bedding material, 
the spent litter has the potential to be used as an alternative fuel in a 
biomass burner or gasifier in addition to being utilized as a traditional 
fertilizer. Supplementing propane with litter for heat has significantly 
reduced on-farm fuel costs . Although these alternative beddings have 
been proven to perform well for poultry, the economic reality is largely 
unknown . Part of the current projects will evaluate what farmers in 
Pennsylvania are willing to pay for bedding . Costs associated with 
purchasing, processing, and transporting the bedding from field to 
house will be evaluated .

Key Words: vegetative buffers, biomass, bedding

622S   Farm evaluation of chopped giant miscanthus bed-
ding for heavy commercial broilers. Jeremiah Davis*1 and Joseph 
Purswell2, 1Auburn University, Auburn, AL, 2USDA ARS, Mississippi 
State, MS.

Poultry growers continually face challenges with logistics and costs 
associated with bedding materials . Energy grasses, such a giant mis-
canthus, produce large volumes of biomass and have the potential to be 
grown within a broiler complex. This field evaluation was performed 
over 5 58 to 61d flocks on a 6 house (50 × 500) farm in North Alabama. 
Two houses were filled with chopped giant miscanthus (GM), 2 houses 
were filled with green pine shavings (PS), and the remaining 2 houses 
had built up litter (BU) for 3 flocks before the grower replaced with rice 
hulls (RH) . Measurements were taken for bedding moisture content, pH, 
equilibrium ammonia concentration at the litter surface, nutrient content 
(NPK), and foot pad scores . Results showed that GM performed as well 
as PS across the study .

Key Words: giant miscanthus, bedding, heavy broilers

623S   Vegetative buffers for energy conservation. Paul Patter-
son*, Penn State University, University Park, PA.

Wind and extremes in temperature outside the birds’ thermo-neutral 
zone negatively impact poultry performance and energy consumption on 
the farm . Wind speed in and around poultry barns can be reduced with 
vegetative buffers to 25 to 95% of open wind speed in zones depending 
on buffer height and density. For animals like poultry in confinement 
housing, windbreaks reduce the amount of energy required to heat the 
buildings in part by reducing drafts at fan openings, inlets and other 
openings . Furthermore, windbreaks can improve fan performance and 
energy consumption if not pushing into a wind . For range-reared poultry, 
windbreaks create microclimates or “living barns” with higher winter 
temperatures and reduced wind chill that improve feed utilization and 
growth . Snow drifting and deposition on and around poultry barns are 
a significant issue in northern climates. Snow fences prevent drifting 
snow on barn roofs (prevent roof collapse) and at poultry load-out doors, 
around feed bins and access roads . Properly placed snow fences, reduce 
snow removal and maintenance costs . Vegetative snow fences perpen-
dicular to the direction of the wind and snow with a density of 60–80% 
have the capacity to deposit the snow in the area 10 times the height 
of the buffer from the barn to the buffer . Doubling the buffer height 
increases snow storage 4-fold . In summer shelterbelts of vegetation 
provide shade to the barns reducing both direct and reflected solar heat 
load to the barns and birds . Also the air around the barns can be cooled 
by evapotranspiration . For range-reared poultry, birds will seek out shade 
and cover, reducing heat stress and water intake, thereby increasing gain 
and improving feed conversion . Plant materials for shelterbelts, shade 
and snow fences are best if they are native species adapted to your 
regions climate and soil . Multi-species buffers with a combination of 
evergreens deciduous trees and shrubs are best to increase buffer height 
and maintain the desired density in all seasons . The USDA-NRCS has 
cost share programs (EQIP and others) and technical assistance for 
establishing windbreaks, snow fences and hedge rows .

Key Words: vegetative buffers, energy conservation
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WPSA Lecture: History and future of genetically 
engineered food animal regulation

624S   History and future of genetically engineered food animal 
regulation. Kevin D . Wells*, University of Missouri, Columbia, MO.

History and future of genetically engineered food animal regulation .

Key Words: PSA
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ascorbic acid transporters, 309
aspergillosis, 371P
assays, 594S
assessment, 240
astaxanthin, 328
asymmetry, 221
autoclave, 190
autofluorescence, 44
autoimmune scleroderma, 379P
automated, 607S
available P, 436P
available phosphorus, 136, 200, 216, 

305
Avatec, 314
avian beta-defensins, 178
avian influenza, 41, 49, 235, 247, 361P, 

376P, 500P
aviary, 95
AviCare, 80

B

Bacillus subtilis, 299, 317, 319, 366P, 
560P

Bacillus subtilis C-3102, 160
Bacillus, 111, 296, 320, 382P, 547P
backyard, 35
backyard flock, 233
bacteria, 540P
bacterial chondronecrosis with osteomy-

elitis, 79
bacterial colonization, 502P
bacterial community, 297
bacterial diversity, 351P
bactericide, 115



237Poult. Sci. 96(E-Suppl. 1)

Barred Plymouth Rock, 551P, 552P
basic research, 578S
basophilia, 557P
basophiliosis, 557P
batch production, 319
Bayesian inference, 102, 103
BCO lameness, 291
BCR Igβ, 242
BDNF, 87
beak treatment, 82
bedding, 85, 193, 194, 621S, 622S
bedding source, 258
bee venom, 456P
behavior, 81, 259, 269, 270, 608S
betaine, 455P
bias, 582S
bifidobacteria, 392P
big data, 611S
bioavailability, 6, 271, 272, 410P
biobanking, 166
biocarbon, 195
biocontrol, 535P
biodiversity, 556P
bioefficacy, 420P
biofertilizer, 64
biofilm, 61, 69, 533P
bioluminescence, 181
biomass, 621S
biosecurity, 196, 235
bioshuttle, 126
BiOWiSH, 316
bird, 236
bird performance, 384P
Blackhead, 389P
Blackhead disease, 46
blood, 571P
blood chemistry, 264
blood indices, 392P
blood profile, 462P
BMORS, 231
body composition, 2, 19, 25
body weight, 13, 365P, 495P, 517P
body weight gain, 249
bone, 65, 96, 190, 200
bone and body compoistion, 345
bone characteristics, 203, 489P
bone mineral density, 125
bone parameter, 528P
bone quality, 133
bones, 221
botanical feed additive, 473P
botanical product, 474P
bovine dried plasma, 442P
branched-chain amino acid, 416P
branched-chain amino acids, 490P

Brazil nut powder, 423P
Brazilian Salmonella Heidelberg, 342
breaking strength, 512P
breast, 147, 229, 239
breast meat, 226, 287
breast meat quality, 232
breast myopathies, 142, 553P
breed, 35
breeder, 28, 83, 213, 290
breeder fertility, 25
breeding, 169
broiler, 4, 7, 16, 17, 18, 28, 31, 34, 37, 

38, 39, 44, 45, 63, 72, 73, 74, 79, 
80, 87, 89, 106, 116, 117, 118, 119, 
121, 131, 135, 143, 149, 160, 162, 
164, 165, 171, 172, 175, 178, 189, 
191, 194, 195, 201, 202, 204, 206, 
208, 209, 210, 222, 226, 228, 229, 
238, 252, 260, 271, 272, 273, 274, 
278, 280, 284, 289, 291, 293, 295, 
297, 300, 302, 314, 315, 317, 318, 
319, 321, 323, 324, 326, 327, 333, 
335, 336, 339, 341, 366P, 367P, 375P, 
384P, 391P, 392P, 398P, 402P, 405P, 
410P, 411P, 412P, 416P, 424P, 425P, 
426P, 428P, 429P, 431P, 433P, 435P, 
437P, 443P, 461P, 465P, 468P, 469P, 
470P, 481P, 482P, 483P, 488P, 491P, 
492P, 494P, 496P, 498P, 501P, 507P, 
508P, 509P, 511P, 512P, 513P, 520P, 
521P, 526P, 529P, 536P, 547P, 553P, 
558P, 571P, 572P, 576P

broiler breast meat, 231
broiler breeder, 19, 21, 25, 29, 32, 120, 

136, 215, 216, 305, 400P, 495P, 514P, 
543P

broiler breeder hen, 212
broiler carcasses, 545P
broiler chicken, 43, 152, 156, 163, 174, 

245, 253, 316, 348, 355P, 386P, 390P, 
407P, 441P, 447P, 456P, 471P, 480P, 
486P

broiler embryo, 517P
broiler performance, 5, 22, 129, 420P, 

421P, 473P, 474P
broilerization, 19
broken line, 273, 276
broken line model, 412P
broken-line, 422P, 522P
broken-line analysis, 404P
brood time, 519P
brown eggs, 27
brown-egg layer, 453P
bursa of Fabricius, 301
butyrate, 109, 179

by-product, 475P

C

Ca/aP, 204
cage, 183, 563P
cage-free, 350P, 563P
cage-free aviary, 241
cage-free housing system, 71
cages, 196
calcaneus tendon, 512P
calcium, 96, 190, 200, 204, 286, 305, 

308, 523P, 596S
Campylobacter jejuni, 69, 70, 113, 338, 

529P, 532P, 546P
Campylobacter, 56, 178, 536P, 537P, 

539P, 543P, 545P, 564P, 575P
cannibalism, 83
canola meal, 124, 141
capillar density, 229
capsaicin, 467P
carbohydrase, 430P, 434P
carcass, 38, 209, 326, 420P, 421P
carcass and cut up, 279
carcass characteristic, 465P
carcass characteristics, 117, 135
carcass composition, 137
carcass quality, 238
carcass yield, 401P
carcasses, 564P, 570P, 575P
carotenoids, 346
carvacrol, 70, 478P, 479P
cassava chips, 492P
cause, 579S
CD4+ CD8+, 52
ceca, 62, 250
cecal colonization, 113
cecal microbiota, 109
cecal tonsil, 154
cecum, 502P
cell proliferation, 139, 304
cell-mediated immune response, 369P
cell-mediated immunity, 244
cereals, 317
cervical dislocation, 263
cetylpyridinium chloride, 63
change point, 78
characterization, 6
chelated copper, 521P
chemical components, 506P
chemical disinfectant, 46
chemical effects, 562P
chemokine, 368P
chick, 75, 256, 285, 460P
chick quality, 25
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chick weight, 394P
chicken, 89, 105, 157, 217, 231, 283, 

286, 296, 299, 320, 362P, 363P, 371P, 
548P, 549P

chicken β-defensins, 53
chicken B cell, 242
chicken breast, 148, 534P
chicken enterocytes, 537P, 562P
chicken environment, 399P
chicken feed, 479P
chicken interleukin-26, 368P
chicken meat, 230
chicken NK-lysin, 373P
chicken sausage, 146
chicken wingette, 70
chilli pepper, 467P
chimeric gonad, 556P
chitosan, 70
chloride, 314
cholesterol, 477P
choline, 311, 516P
chromium, 513P
chromium oxide, 559P
CIE L*a*b*, 230
cinnamaldehyde, 114, 155
circadian, 100
citrus extract, 450P
cleaning, 196
cleanliness, 268
cloning, 362P, 554P
Clostridium perfringens, 47, 165, 295, 

297, 300, 337, 338, 339, 366P, 367P, 
386P, 390P, 454P, 469P

CM-Pro composting, 64
cNK-2, 373P
coarse, 15
coated butyrate, 474P
coccidia, 165, 370P
Coccidia, 42
coccidiosis, 44, 73, 126, 154, 158, 161, 

293, 378P, 589S
coccidiosis vaccination, 157
cold-stress, 545P
collagen, 142, 280
colonization, 181, 360P
colony cage, 83
color, 332, 567P, 572P, 573P
color characteristics, 485P
color of lighting, 394P
colored lighting, 511P
commercial broiler, 138, 227
commercial diet, 22
commercial diluent, 123
commercial house, 583S
commercial layer, 71, 224, 396P
comparative analyses, 139

comparative genomics, 342
competitive exclusion, 544P
complex hemogram, 90
composite enzyme, 208
compost, 64
compressed air foam, 41
compression, 566P
compression force, 145, 231
computed tomography, 96
comsumption, 574P
conditioning temperature, 60, 507P
connective tissue, 140
consistency, 317
consumer behavior, 586S
consumer education, 586S
consumer preference, 586S
continuous, 607S
contusion, 568P
conventional house, 399P
cooccurrence, 330, 331
cook loss, 232
copper, 24
coproduct, 509P
corn, 7, 119, 210, 282, 334, 485P, 503P, 

508P
corn gluten meal, 506P
corn gluten meal (60%), 442P
corn oil, 286
correlation, 145, 225, 369P, 377P
correlations, 485P
corticosterone, 105
corticotropin-releasing hormone, 87
cost, 424P
cottonseed meal, 563P
Coturnix coturnix japonica, 198
course model, 356P
creatine kinase, 553P
CRH receptor, 86
critical data, 578S
crossbred-native Thai chickens, 409P
crossing, 363P
Croton lechleri, 460P
crude protein, 35, 137, 402P
crumble, 5
cryopreservation, 166
cryoprotectant, 555P
cryostorage, 555P
crypt depth, 492P
CTCzyme, 127, 345
culling, 76, 263
culture, 562P
CuSO4, 521P
cut up yield, 38
cuticle pore plugs, 538P
cutting yield, 421P
cyber, 237

cytokine, 50, 154, 294
cytokines, 244
cytotoxic, 466P

D

daidzein, 290
dark house, 399P
death, 263
debone, 147
deficiency, 413P
DEGs, 388P
dehydration, 76
density, 85, 258
deoxynivalenol, 330, 331
depopulation, 41, 264
deposition, 182
depth, 149
design, 582S
detection, 564P, 570P
development, 105, 364P
DEXA, 345
dexamethasone, 491P
dextrin, 310
DFD meat, 219
DFM, 296, 318, 320, 382P
Dicer, 548P
diet, 172, 605S
diet formulation, 8, 198, 199
dietary, 596S
dietary ALA, 493P
dietary challenge, 380P
dietary enrichment, 175
dietary lysine, 407P
dietary phase, 5
dietary protease, 444P
different temperatures, 24
differential expression, 551P, 552P
digesta sampling, 131
digestibility, 16, 118, 159, 207, 208, 210, 

282, 398P, 423P, 426P, 428P, 430P, 
431P, 510P, 594S, 595S, 601S, 602S

digestible, 593S
digestible amino acids, 144
digestible energy, 433P
digestible TSAA requirements, 404P
digestion, 292, 603S, 604S
dilated cardiomyopathy, 387P
direct fed microbial, 316
direct method, 494P
direct-fed microbial, 288, 300, 454P
disease, 248
disease control, 110
disinfectant, 110
disinfectants, 358P
disinfection, 196, 251
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distillers dried grains with solubles, 118
diversity, 109
DNA extraction, 173
DNA methylation, 170
DNA purity, 173
DNA sequencing, 46
dopamine, 549P
dorsal, 230
dose-response method, 406P
drinking water quality, 43
drying, 131
dual energy X-ray absorptiometry 

(DXA), 375P
duck, 62, 90, 197, 557P
duck embryo, 52
dynamics, 604S
dysbiosis, 318

E

E. coli, 114, 382P
early embryonic mortality, 212
early feed restriction, 333
echogenicity, 149
economic, 358P
economic analysis, 22
economic loss, 568P
economy, 391P
education, 237, 356P, 357P
efficiency of utilization, 406P
egg, 11, 23, 28, 57, 112, 427P, 449P, 

541P, 543P
egg breakage, 298
egg breaking strength, 125
egg components, 561P
egg composition, 25
egg DHA, 452P
egg functionality, 241
egg geometry, 224, 396P
egg mass, 422P
egg production, 27, 184, 349, 365P, 

504P, 505P, 515P, 518P
egg production performance, 329
egg quality, 27, 71, 225, 329, 396P, 

404P, 444P, 504P, 505P, 518P, 527P, 
559P, 563P

egg quality and production, 133
egg quality traits, 224
egg shape, 240
egg storage, 241
egg weight, 136
egg white powder, 569P
egg yolk, 493P
eggs, 130
eggs mass, 418P
eggshell, 225, 538P

eggshell formation, 177
Eimeria, 35, 45, 152, 156, 295, 370P, 

378P, 447P, 461P
Eimeria challenge, 380P
Eimeria maxima, 44, 372P
Eimeria oocysts, 340
Eimeria spp., 337
electrolyte, 314
elimination, 182
EMBRAPA 051, 489P
embryo, 181, 549P, 561P
embryo mortality, 94
embryonated eggs, 48
emergency preparedness, 588S
endangered species, 555P
endogenous losses, 510P
endogenous virus-free birds, 94
endomysium, 140
energy, 7, 117, 426P, 429P, 430P, 432P
energy and protein balance, 487P
energy conservation, 623S
energy metabolism, 284
energy source, 487P
enteritis, 288
Enterobacteriaceae, 56
enterococcal, 385P
enterococcus, 480P
Enterococcus cecorum, 111
environmental temperature, 487P
enzymatic complex, 442P, 443P
enzyme, 203, 281, 292, 424P, 427P, 

429P, 430P, 438P, 440P
enzyme activity, 501P
enzyme composite, 23
enzymes, 134
epidermal growth factor, 152, 447P
epigenetics, 170
epitopic regions, 390P
ERK1/2, 105
essential amino acid, 409P
essential oil, 58, 380P
essential oils, 161, 162
estradiol, 180
ether extract, 137
eubiotic, 112
eugenol, 72, 478P, 537P
European quail, 487P
euthanasia, 75, 256
evisceration, 572P
excreta phosphorus retention, 124
exercise, 397P
exogenous, 605S
exogenous enzyme, 439P
exogenous feed enzymes, 22
extended, 147
extension, 233

extracellular vesicles, 176
extra-phosphoric effect, 26
extrusion, 452P
extrusion cooking, 325

F

farm safety, 588S
farm study, 341
farms, 235
fasted, 91, 93
fasting, 219, 548P
fat, 1
fat mass, 286
fat metabolism, 3
fat source, 128
fats, 122
fatty acids, 485P, 493P
Fayoumi chicken, 388P
feather condition, 254
feather follicle epithelium, 381P
feather pecking, 83, 265, 351P
Feathering, 216, 305
fecal shedding, 108, 370P
feces, 502P
feed, 15, 565P
feed additive, 195, 453P, 580S
feed additives, 315, 448P, 476P
feed consumption, 82, 222
feed conversion, 312, 440P, 491P, 504P
feed conversion ratio, 411P, 445P
feed efficiency, 13, 188, 215, 354P
feed form, 323, 603S
feed forms, 511P
feed intake, 411P
feed manufacture, 5
feed particle size, 327
feed processing, 137
feed quality, 20
feed restriction, 137, 149, 214, 215
feed safety, 60
feed withdrawal, 63
feeding, 377P, 451P
feeding behavior, 354P
feeding frequency, 29
feeding pattern, 603S
feedstuffs, 311, 516P
female, 353P
female aggression, 352P
feral cats, 374P
feralization, 55
ferric tyrosine, 347
fertility, 94, 212, 305, 561P
fertility,, 216
fiber, 132, 435P
fiber utilization, 495P
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fibroblast growth factor 23, 298
fibrosis, 142
field beans, 481P
field study, 578S
fillet portion, 232
flavor, 567P
flax, 427P, 428P, 482P, 496P
flaxseed oil, 62
flock health, 610S
foam, 251
folic acid, 242, 415P
food defense, 237, 356P
food microbiology, 59
food restriction, 255
food safety, 59, 234
foot pad scores, 488P
footpad dermatitis, 85
footpad lesion, 254
footpad skin, 220
foraging, 268
force, 84
fount drinker, 40
fractional synthetic rate, 280
fracture, 95
free-range poultry, 357P
French Guinea Fowl, 471P
fructoligosaccharides, 50
FSH, 187
FSMA, 237, 356P
fumonisin, 253, 330, 331, 459P
fumonisin B1, 393P
functional molecules, 457P
functional properties, 569P
fungi, 377P
fungicide, 115
fungus, 371P
furazolidone, 387P

G

gait, 84
gait score, 254
garlic, 486P
gastrointestinal tract, 172
gastrointestinal weight, 132
gavage, 541P
GC-MS, 1
GC-MS analysis, 479P
gene, 285
gene expression, 101, 139, 165, 167, 

170, 184, 191, 201, 294, 361P, 381P, 
455P, 496P

genetic, 363P
genetic lines, 94, 220
genetic parameter, 365P
genetic selection, 167, 214, 215

genetics, 169, 221
genistein, 344
genomics, 168, 364P
geophagy, 335
germ-free, 160
germinal disc, 185
germine rescue, 555P
germline recovery, 556P
germline stem cell, 556P
germplasm, 166
giant miscanthus, 622S
gizzard, 132
GLO, 309
glucanase, 7
glucometer, 183
glucose, 183, 477P
glutamine, 408P, 417P
glycine+serine, 17, 278
glycolysis, 372P
goblet cells, 386P
gonadotropin inhibitory hormone, 186
gonadotropin-releasing hormone, 186
G-protein-coupled receptors (GPCR), 

483P
grain legumes, 325
granule, 601S
granulocytic infiltrate, 142
grape pomace, 449P, 565P
grape seed extract, 239
graphene nanoparticles, 379P
gross margin, 358P
ground reaction force, 236
group D, 341
group size, 267
growers, 235
growing broiler chicken, 417P
growth, 32, 36, 82, 162, 170, 188, 347, 

391P, 501P
growth assay, 122
Growth Model, 103
growth performance, 34, 117, 135, 156, 

253, 325, 336, 338, 348, 409P, 417P, 
426P, 435P, 447P, 456P, 486P, 492P, 
509P, 519P, 520P

growth performances, 465P
growth promoter, 468P, 497P
growth promoters, 158
growth rate, 139, 255, 262
guanidinoacetic acid, 143, 279
guinea fowl, 387P
gut, 299
gut barrier function, 313
gut development, 260
gut health, 16, 51, 100, 161, 189, 304, 

473P, 580S
gut health and function, 152

gut integrity, 116
gut microbiome, 100
gut microbiota, 55, 347, 384P, 509P
gut morphology, 127, 486P

H

H5N2, 247
haplotype, 243
HAS/LAS, 167
hatch time, 10
hatch weight, 33
hatchability, 31, 94, 123, 197, 212, 216, 

395P, 517P
hatching egg, 197
hatching time, 222
Haugh unit, 277, 574P
health, 130, 246, 252, 524P, 540P, 611S
healthy eggs, 448P
heat, 479P
heat production, 2, 19
heat shock protein, 264
heat stress, 104, 340, 355P, 525P, 576P
heat stress condition, 417P
heavy broilers, 622S
hematocrit, 249
hematological parameters, 476P
hematology, 90, 143
hen, 50, 57, 99, 246
hen age, 71
hen strain, 241
herbal liver tonics, 188
herbs, 478P
heritage breeds, 577P
Heterakis gallinarum, 46
heterophil, 245
hexokinase enzymatic reference method, 

92
hG-CSF, 362P
high-throughput screening, 53, 54
histology, 162, 340, 441P
Histomonas meleagridis, 389P
histomorphometry, 445P
histone deacetylase inhibitors, 53
histopathology, 51, 158, 301
Holmen, 484P
homocysteine, 415P
hopper, 484P
hormone, 97
host defense peptide, 53, 54, 179, 373P
host immune response, 168
hot climatic condition, 444P, 455P
housing, 108, 248
HPA axis, 549P
HPAI, 247
HPG axis, 184
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HPLC, 311, 516P
HSP70, 52
HTSi, 252
hulless barley, 4
human FSH hormone, 554P
humoral immunity, 301
Hungarian indigenous breeds, 166
hydrogen peroxide, 197
Hy-Line Brown, 101
hyperplasia, 39
hypothalamus, 548P
hypothesis, 579S

I

IBV, 48
ice slurry, 68
IDE1 small molecule, 359P
ideal protein, 490P
ileal amino acid digestibility, 131
ileal brake, 81
ileal digesta, 173
ileal digestibility, 203, 277, 402P
ileal phosphorus digestibility, 124
Illumina, 385P
immune response, 101, 383P, 456P
immunity, 179, 289, 290, 376P, 384P, 

500P
immunocompetence, 394P
immunocytochemistry, 88
immunohistochemistry, 343
immunometabolism, 372P
immunomodulation, 289, 373P
immunosuppression, 340
in ovo, 181
in ovo injection, 123, 310, 392P
in situ hybridization, 106, 550P
in vitro, 70, 111
inactivated infectious bronchitis vaccine, 

369P
inactivation, 58, 69
inbred lines, 48
incline, 236
incubation, 10, 31, 33, 34, 221, 395P
incubation temperature, 89, 220
indexing, 619S
indirect calorimetry, 2, 19
individual sampling, 257
industry, 584S
infection, 65
infection pressure, 358P
infectious bronchitis virus, 177, 251
infectious bursal disease (IBD), 301
infiltrating lymphocytes, 379P
inflammation, 163, 296, 320
infrared thermography, 79

inhibition, 69
inhibitory effect, 535P
initial chick weight, 396P
injurious pecking, 82
innate immunity, 43, 245, 499P
inorganic Fe, 488P
inorganic trace minerals, 21
insensibility, 263
intake, 422P
interleukin-10, 378P
intestinal challenge, 262
intestinal health, 155, 322, 558P
intestinal health index, 51, 158
intestinal heath, 441P
intestinal histomorphology, 156
intestinal intraepithelial leukocytes, 

386P
intestinal microbiota, 336
intestinal microflora, 470P, 486P
intestinal morphology, 153
intestinal mucosa, 284
intestinal viscosity, 472P
intestinal weight, 394P
intestine, 338, 367P
iron, 526P
irradiation, 569P
isoleucine, 274, 277
Istat, 92

J

Japanese quail, 352P, 353P, 449P
jejunum, 558P
Jinghong laying hens, 519P
Journal of Applied Poultry Research, 

597S

K

kafirin, 507P
keel, 95
keel bone, 99, 269
keel deformities, 599S
keratinase, 445P
kinome, 499P
kinome peptide array, 179
Korean native chicken, 365P

L

lactic acid bacteria, 576P
lactic acid producing bacteria, 189, 321
Lactobacillus acidophilus, 367P, 480P
Lactobacillus reuteri, 471P
Lactobacillus, 360P, 478P, 544P
lameness, 79, 84, 255

landscape, 617S
LAPS, 256
Latin America, 225
layer, 11, 23, 171, 196, 250, 453P
layer embryo, 176
layers, 41
laying, 29
laying broiler breeder, 344
laying hen, 3, 24, 26, 95, 96, 108, 125, 

132, 133, 180, 182, 183, 200, 218, 
265, 267, 268, 269, 270, 275, 277, 
303, 307, 308, 329, 350P, 351P, 404P, 
436P, 455P, 489P, 490P, 505P, 518P, 
541P, 574P, 599S

laying performance, 3, 24, 404P
LD50, 466P
LEAP2, 178
LED, 217
LED light, 33
LED lighting, 511P
leg bones, 221
leg health, 37
leg strength, 10
leghorn, 558P, 559P
lemon grass, 58
lesion scores, 47
leukocytes 244, 355P
level, 401P
Lgr5, 550P
LH, 187
light, 395P
light intensity, 397P
light wavelength, 34
lighting, 30, 217
limestone solubility, 528P
linear-plateau model, 400P
linseed oil, 449P, 565P
lipid, 328
lipid metabolism, 294
lipogenesis, 104, 188
lipolysis, 104
liposome, 371P
Listeria spp., 542P
litter, 192, 193, 194
litter coccidia, 347
litter composition, 258
litter type, 259
live performance, 9
live production, 127, 609S
liver, 86, 132, 364P, 459P, 493P, 496P, 

498P
liver enzyme, 97
loading, 77
location, 566P
locomotion, 236
Lohmann, 40, 266
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low calcium, 99
low protein diet, 17
LPS, 313
LRP, 419P
lymphoid depletion, 340
lysine, 9, 400P, 420P, 423P
lysine source, 421P

M

macadamia nut cake, 509P
macrophage, 43, 245
magnetic resonance imaging (MRI), 150
male, 353P
male layer, 256
management, 568P
management strategies, 587S
manganese, 10
manganese methionine, 3
mannan-oligosaccharide, 491P
manure tea, 251
Marek’s disease, 381P
Marek’s disease virus, 381P
marinating, 534P
marination, 230, 232
maternal age at photo stimulation, 223
maternal dietary protein, 223
matrix gene, 247
meat, 59
meat product, 148
meat quality, 38, 39, 150, 151, 162, 279, 

328, 348, 393P, 397P, 456P, 567P, 
571P, 576P

meat texture, 150
meat yield, 409P
meat-type chicken, 325, 346
membrane integrity, 554P
Mentofin, 301
mesh, 484P
meta-analysis, 206, 207, 275, 302, 377P, 

437P, 582S
metabolic health, 100
metabolism, 364P
metabolizable energy, 2, 119, 409P, 

481P, 494P
meta-regression, 446P
methionine, 415P, 423P, 482P
methionine hydroxy analog, 271, 272
methionine restriction, 262
methodology, 564P, 570P
methyl donors, 170
methyl group, 477P
methyl-b-cyclodextrin, 362P
MHC, 48
MHCII β chain, 242
MHC-Y, 243

microalgae, 328, 452P
microbial challenge, 446P
microbiome, 50, 107, 172, 318, 338, 

463P, 536P
microbiota, 161, 171, 351P, 385P, 547P
microencapsulation, 72
micromanipulation, 556P
microRNA, 552P
mineral, 518P
mineral loss, 190
miRNA, 364P
mitigation, 60, 619S
mitosRNA, 551P
mixer-added fat, 128
mobility, 88
model, 422P
modelling, 419P
molt, 56, 218
molted layer, 97
monensin, 161
monitoring, 607S, 608S
monocomponent, 281
monoglycerides, 337
Moringa, 573P
Moringa oleifera, 505P
MORS, 231
mortality, 82, 130, 266, 306
motility, 58
MSP, 289
mucosal immune response, 369P
multi-carbohydrase, 426P, 432P
multiple analysis, 238
multose, 310
muscle, 174
muscle fiber cross-sectional area, 174, 

228
muscle growth, 39, 551P
muscle morphology, 89
muscle stem cell, 228
muscle tissue, 140
mushroom, 453P, 497P
mutant, 360P
mutation, 169
Myanmar, 234
Mycobacterium butyricum, 379P
mycotoxin, 458P, 498P
mycotoxin binder, 253, 393P
myogenic stem cell, 174
myo-inositol, 201, 202
myopathies, 405P
myopathy, 140, 229

N

n-3 fatty acid, 428P, 482P
n-3 fatty acids, 427P, 496P

nanoemulsion, 113, 532P
nanoparticle tracking analysis, 176
Narasin, 126
natural antimicrobials, 59
natural feed supplement, 468P
natural pigments, 573P
natural preservative, 115
natural products, 54
near infrared reflectance spectroscopy, 

503P
necrotic enteritis, 47, 164, 297, 300, 

306, 318, 337, 339, 366P, 367P, 372P, 
388P, 390P, 454P, 502P

nest boxes, 83
nest substrate, 350P
Net B, 47
net energy, 2
NetB, 339
Newcastle, 383P
Newcastle Disease, 101
next-generation sequencing, 55
nicarbazin, 212
nipple drinker, 40
nitrogen, 192, 312
nitrogen retention, 414P
NK-lysin, 589S
noni, 104
non-phytate phosphorus, 520P
non-starch polysaccharide, 208
non-typhoid, 51
non-viability, 44
NORFA, 363P
normal distribution, 418P
Notox Poultry, 458P, 459P
novel 6-phytase, 205
NSP, 432P
NSP degrading enzyme, 434P
NSP enzyme, 433P
NSPase, 431P, 434P
nucleotides, 14, 349
nutrient composition, 485P
nutrient density, 323
nutrient digestibility, 8, 202, 323, 329, 

501P
nutrient metabolism, 1
nutrient restriction, 394P
nutrient retention, 334, 447P
nutrients, 194
nutrition, 13, 14, 21, 29, 349, 439P, 

451P, 524P, 584S, 605S
nutritional level, 198
nutritional levels, 199
nutritional matrix, 503P
nutritional requirements, 527P
nutritional response model, 400P
nutritional stress, 86
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O

oats, 119
ochratoxin a, 535P
odor, 587S, 619S
offspring, 290, 514P
oil, 475P
oils, 1, 122
old laying hen, 309
oleoresin, 467P
Olfm4, 550P
oligosaccharide, 292
oligosaccharides, 134
OneTouch meter, 92
on-farm hatching, 260
on-farm welfare assessment, 257
online carcass sorting, 151
on-line tools, 237
ontogeny, 138, 227
oocyst, 45
oocysts per gram, 370P
optical flow, 608S
optimal level, 522P
optimum economic, 276
organ size, 135
organic, 311, 516P
organic acid, 114, 155, 189, 321, 465P, 

472P
organic acids, 315, 342
organic broiler, 211
organic Fe, 488P
organic ingredients, 423P
organic load, 251
organic zinc, 164
osmoprotection, 477P
osteoporosis, 99
ovary, 250
ovulation, 184
oxidative stability, 428P
oxidative stress, 515P
oxytetracycline, 531P

P

P excretion, 205
P retention, 205
palpation, 145
pancreas, 211
parameter, 582S
parrot, 335
particle, 15
particle size, 5, 20, 135, 324, 332, 507P
particulate matter, 618S
pasture raised, 577P
pasture-raised, 536P
pasture-raised broiler farm, 542P

pathogen, 384P
pathogen control, 110
pathogenic fungi, 535P
pathogens, 538P
pathology, 288
pathomicrobiology, 343
P-Ca digestibility, 26
PCR, 46, 478P
pea, 153
pectoral myopathy, 143
pectoralis major, 74
Pectoralis major, 138, 227
pedigree male broiler, 551P, 552P
PEI, 464P
Pekin duck, 257, 345
Pekin duck nutrition, 127
pellet, 484P
pellet binder, 324, 327
pellet mill die, 128
pellet temperature, 431P
pelleting, 128, 438P
pellicle, 533P
PepT1, 106
performance, 4, 8, 11, 12, 15, 17, 18, 

23, 36, 130, 159, 198, 199, 203, 204, 
205, 209, 260, 278, 286, 288, 291, 
316, 321, 323, 324, 326, 327, 333, 
375P, 399P, 401P, 403P, 405P, 413P, 
424P, 429P, 431P, 433P, 439P, 441P, 
444P, 451P, 454P, 457P, 458P, 460P, 
462P, 469P, 472P, 475P, 487P, 497P, 
501P, 504P, 505P, 508P, 513P, 514P, 
523P, 527P, 528P

performance production, 355P
perilipin, 407P
period, 15
perivitelline, 185
permeabilizing complex, 114, 155
pet food, 65
pH, 153, 560P, 567P
phenotypic appearance, 267
phenylalanine, 403P
phosphate, 192
phosphatidylethanolamine, 493P
phosphor, 439P
phosphorus, 190, 282, 308, 510P, 519P, 

593S, 594S, 595S, 596S
phosphorus bioavailability, 203, 480P
photocastration, 353P
photoperiod, 31, 34, 100
photorefractoriness, 30
photostimulation, 214
Phylogenetic Investigation of Communi-

ties by Reconstruction of Unobserved 
States (PICRUSt), 62

physical form, 324

physicochemical properties, 569P
phytase, 11, 12, 26, 200, 201, 202, 204, 

282, 425P, 436P, 437P, 438P, 520P
phytases, 595S
phytate degradation, 201
phytate esters, 202
phytochemicals, 69
phytogenic, 450P
phytogenic compound, 315
phytogenic plants, 567P
phytogenics, 375P
phytohemagglutinin, 383P
phytomolecules, 238
Pichia, 45
pigeon squabs, 1
pine shavings, 193
plant and animal protein, 283
plant extract, 460P
plasma, 91, 93
plasma indices, 24
plasma protein, 124
polyphenol, 348
polyunsaturated fatty acids, 175
post-harvest food safety, 532P
post-hatch, 217
post-hatch holding time, 222
postmortem, 343
potash, 192
poult, 531P
poultry, 14, 49, 124, 181, 235, 281, 294, 

304, 312, 349, 358P, 377P, 387P, 
439P, 440P, 451P, 464P, 524P, 533P, 
539P, 546P, 574P

poultry by-product, 143
poultry by-products, 279
poultry disease, 110
poultry extension, 585S
poultry farming, 219
poultry litter, 64
poultry nutrition, 271
poultry production, 540P
poultry sanitation, 110
Poultry Science, 597S
poultry slaughter, 568P
practical diet, 520P
prebiotic, 50, 66, 112, 159, 322, 464P, 

529P
prebiotics, 134, 292, 457P, 499P
precision, 261
precision feeding, 30, 32
precision-fed, 122
preference, 268
pre-harvest food safety, 67
pre-laying behavior, 350P
pre-slaughter, 219
pressure, 28



Poult. Sci. 96(E-Suppl. 1)244

prevalence, 147
primordial germ cell, 359P
primordial germ cells (PGCs), 166
probiotic, 57, 66, 73, 97, 107, 112, 160, 

291, 293, 297, 313, 317, 319, 322, 
360P, 382P, 461P, 465P, 529P, 547P

probiotics, 111, 130, 246, 295, 380P, 
463P, 471P, 480P, 544P, 576P

problem, 579S
processing, 73, 151, 233, 326, 530P, 

575P
processing yield, 9
product blend, 457P
production, 28, 40, 252, 391P
production efficiency, 552P
production performance, 153, 223
productive performance, 392P
progeny, 223
progesterone, 187
program changes, 585S
protease, 154, 206, 207, 210, 211, 334, 

425P, 441P, 461P
protease inhibitors, 445P
protection, 49, 248
protein, 97, 430P, 604S
protein deposition, 406P
protein digestion dynamics, 283
protein fermentation metabolites, 157
protein ingredients, 443P
protein quality, 332
protein sparing, 13
proteomics, 537P, 538P, 546P
PSA, 590S, 591S, 592S, 612S, 613S, 

614S, 615S, 616S, 624S
publishing, 597S
PUFA, 448P
pullet, 56, 133, 218
pullets, 598S
pulmonary hypertension, 191
pulsed gel electrophoresis, 339

Q

qPCR, 173
quadratic-plateau model, 400P
quail, 530P, 561P, 570P, 575P
quail embryo, 359P
quality, 572P
quantitative review, 446P
Quantum Blue phytase, 488P
quercetin, 104
quorum sensing, 473P

R

raised without antibiotics, 252

rapeseed meal, 329
rapidly digested starch, 81, 287
ready-to-cook, 148
rearing, 29
rearing density, 36, 254
rearing system, 224
recovery, 564P
rectal temperature, 398P
refined functional carbohydrates, 120
regression, 522P
regression method, 494P, 506P
relative bioavailability, 122
release location, 109
rendering, 65
reproduction, 30, 32, 180, 186
reproductive performance, 344
requirement, 275, 276, 413P, 414P, 418P, 

593S
requirements, 519P
resistance, 48, 342
response surface, 416P
restrict fed, 74
restricted feeding, 398P
retention and fermentation, 495P
Richards model, 102
right ventricular hypertrophy, 191
riparian buffers, 620S
RNA sequencing, 167
RNAseq, 179
RNA-seq, 101, 168, 381P, 388P
robust model, 102, 103
roosters, 560P
rotation speed, 534P
rubber seed meal, 326
rugose morphotype, 61
RV:TV ratio, 249

S

S. gallinarum, 343
Saccharomyces cerevisiae, 14, 312, 349, 

464P
Salmonella, 16, 56, 57, 59, 60, 61, 63, 

65, 67, 68, 108, 112, 114, 115, 120, 
341, 450P, 530P, 533P, 536P, 544P, 
570P

Salmonella enteritidis, 250
Salmonella Heidelberg, 58, 66, 67, 531P
Salmonella Oranienburg, 541P
salmonellosis, 51
salt, 335
sarcoplasm, 280
satellite cell, 174, 228
SCC1, 466P
SCC22, 466P
scratch pads, 268

screening, 617S
selection, 180, 363P
selective media, 539P
selenite, 383P
selenium, 21, 285, 302, 361P, 376P, 

500P
selenium deposition, 303
selenium yeast, 303
selenomethionine, 515P
selenoprotein, 285, 383P
semen, 560P
sensibility, 75
sensitivity, 261
sensoring, 609S
sensors, 606S
sensory evaluation, 573P
sensory profile, 148
septal brain region, 87
sequencing, 539P
serine protease, 129
serotonin, 549P
serum, 91, 93, 462P
serum biochemistry, 278
serum characteristics, 393P
serum enzymes, 226, 553P
serum profile, 553P
sexual maturation, 214
sexual maturity, 180
shear, 566P
shear force, 239
shelf life, 574P
shell strength, 298, 559P
shell thickness, 559P
shell volume, 240
shiitake by-product, 453P
short-chain fatty acids, 435P
shovel beak, 266
SH-SY5Y, 548P
signaling pathway, 359P
silver ion, 466P
skeletal, 600S
skin integrity, 524P
skin pigmentation, 239, 346
skin tearing, 525P
skip-a-day feeding, 598S
slaughter, 233
slowly digested starch, 81, 287
small intestine, 106, 550P
small pen, 583S
SNP, 169
social dynamics, 267
social stress, 265
sodium, 314, 335
sodium butyrate, 16
sodium hypochlorite, 61
sodium selenite, 303, 515P
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soil, 542P
soil health, 35
solubility, 6, 523P
sorghum, 193, 507P, 511P
sorghum level, 129
soundness, 600S
sources, 413P
soybean free, 27
soybean meal, 20, 211, 282, 445P, 503P, 

510P, 563P
soybean origin, 332
soybean protein concentrate, 442P
space, 270
SPAG6, 88
sparse coding, 78
speciation, 285
specific gravity, 125, 298
spectrum lighting, 32
sperm, 88, 362P
sperm quality, 560P
sperm-egg penetration, 561P
spices, 333
spondylitis, 385P
stage, 183
standardized ileal digestible amino 

acids, 490P
starch, 284, 601S, 602S, 603S, 604S
starter phase, 443P
state extension, 585S
statistical design, 581S
statistical interpretation, 581S
sterss, 557P
stock density, 38
stocking density, 37, 108, 253, 259, 

393P
storage, 91, 93
strain, 224, 270
Streptomyces, 471P
stress, 79, 80, 255, 261, 262, 476P, 477P, 

491P
structure, 602S
study design, 580S, 581S, 583S
success, 597S
sucrose, 310
sulfur amino acids, 17, 401P
sulfuric amino acids, 413P
super-dose, 11
sustainable agriculture, 357P
switchgrass, 194
synbiotic, 355P

T

T1R1/T1R3 expression, 483P
T1R1/T1R3 location, 483P
T-2 toxin, 459P

Tau plasmacytes, 90
TBCC, 521P
t-distribution, 102, 103
techniques, 580S
technology, 606S, 609S, 610S
temperature, 92, 126
TER, 313
texture, 566P
Th1 cytokine, 368P
Th17 cytokine, 368P
Th2 cytokine, 368P
thermal manipulation, 39, 52
thermal processing, 8
thermostability, 438P
thiocyanate ion, 182
threats, 356P
threonine, 159, 276, 278
thymol, 72, 467P
thymol supplementation, 448P
tibia, 95, 344, 512P
tibia morphology, 514P
tight junction, 455P
time of hatch, 89
tissue colonization, 541P
TLR2b, 242
TMDL, 192
TMEn, 118
tocopherol, 482P
toll-like receptors, 55
tonic immobility, 261, 262
toroid, 557P
total RNA, 177
toughness, 74
toxicity, 498P
toxoplasmosis, 374P
TPA, 146
trace minerals, 304, 524P
tracheal lesions, 369P
trades, 391P
tragacanth gum, 502P
trans-cinnamaldehyde, 531P, 532P
trans-cinnamaldehyde, 113, 479P
transcription, 138
transcriptional profiling, 99
transcriptions, 290
transect walks, 257
transepithelial electrical resistance, 558P
transgenic chicken, 554P
transmission, 120, 374P, 546P
transport, 77
trichothecene, 330, 331
trypsin inhibitor, 211
tryptophan, 275
tumbler, 484P
turkey, 36, 84, 85, 107, 184, 247, 259, 

389P, 499P

turkey hen, 258
turkey poult, 20
turkeys, 205, 600S
turmeric, 467P
tyrosine, 403P

U

UCD200 chickens, 379P
umami receptors T1R1/T1R3, 483P
unconsciousness, 76
undefined cultures, 463P
undigested protein, 157, 283
urban-rural interface, 617S
UV light, 197

V

vaccination, 66, 248
vaccine, 45, 49, 322, 371P, 376P
vacuum tumbling, 534P
valine, 274, 411P
variability, 261
variation, 98, 243
vasotocin receptor, 86
vegetal protein, 281
vegetative buffers, 618S, 621S, 623S
ventilation shut down, 264
ventral, 230
Vernonia amygdalina, 462P
Victus, 424P
villi morphology, 427P
villus height, 313, 492P
virulence factors, 113
virus emissions, 618S
virus shedding, 500P
viscera meal, 442P
viscosity, 134, 569P
vision grading, 151
vitamin, 144
vitamin C, 144, 154
vitamin D metabolite, 308
vitamin D3, 123, 125
vitamin E, 239, 348
vitamins, 307, 527P
volatilization, 540P

W

water additive, 336
water management, 620S
water quality, 620S
water withdrawal, 63
water-holding capacity, 141
water-soluble phosphorus, 526P
weight, 463P
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weight gain, 273, 411P, 412P, 440P, 
464P

welfare, 75, 76, 219, 259, 260, 269, 270, 
599S, 606S, 610S, 611S

well-being, 218, 308
Western blot, 88
wheat, 119, 153, 334
white stripe, 141
white striping, 126, 227, 229
white striping/woody breast, 144
whole-grain, 4
wingless-2, 169
wings, 545P
wooden, 147
wooden breast, 138, 140, 148, 149, 150, 

151, 226, 227, 228, 408P, 566P, 571P
woody breast, 139, 141, 145, 146, 150, 

232, 397P, 521P

work environment, 588S

X

xenotransfer, 555P
XPC, 80
xylanase, 7, 128, 206, 207, 209, 295, 

334, 425P, 432P, 435P
xylanase/amylase/protease, 209

Y

yeast, 250, 499P
yeast cell wall, 27, 159, 366P, 469P
yeast culture, 469P
yeast nucleotides, 156
yellow and red pigments, 346
yield, 18, 405P

yields, 279
yolk, 10, 543P
yolk color, 225
yolk sac, 106, 222, 517P, 550P
yolk-free body mass, 31
yolk-free body weight, 33

Z

zearalenone, 330, 331
zinc, 18, 165, 306, 415P, 514P
zinc oxide, 6, 525P
zinc transporter, 178
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