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Student Competition: Environment and Management I

1   Effects of stocking pressure on precision feeding success fac-
tors in broiler breeder pullets. Joshua D . Perryman*, Chris O . Ouel-
lette, Theresa C . Liddell, and Martin J . Zuidhof, University of Alberta, 
Edmonton, AB, Canada.

The effect of stocking pressure on BW, feed intake, frequency of feeding, 
and uniformity of 156 Ross 308 broiler breeders fed from a precision 
feeding (PF) system was studied . A regression design was used, with 
different levels of stocking pressure: n = 24, 34, 44 and 54 birds per 
PF station . At hatch, pullets were randomly separated into 4 different 
pens, and fed industry standard starter (0 to 21) and grower (22 to 56 
d of age) diets . Birds were trained to use the PF system starting at d 0 
by providing feed around the station, and essentially leaving a ‘trail of 
crumbs’ leading to the PF station . By 9 d of age, 100% of chicks had 
learned to eat from the PF stations . Birds were feed restricted starting 
at 16 d of age . Target BW increased at hourly intervals . Birds that met 
or exceeded the target BW were ejected; birds that were under the 
target body weight were allowed to eat for 2 .5 min . Individual BW 
and feed intake were recorded at each visit to the station from 16 d of 
age . Birds were weighed manually weekly to validate PF station BW 
data . Birds that did not eat for 48 h were placed in a remedial pen at 
a much lower density until feeding behavior resumed. The coefficient 
of variation (CV) of the flock at the start of feed restriction was 15.2, 
15 .4, 14 .1, and 19 .5% in order of increasing stocking pressure, and 
3 .3, 2 .4, 7 .4 and 7 .0%, respectively, at 8 wk of age . For each increase 
of 1 bird, regression analysis predicted an increase of 0 .71% of birds 
requiring the remedial intervention (R2 = 0 .88; P = 0 .04), and 0 .72% 
increase in training bird·days was required (R2 = 0 .95; P = 0 .016) . On 
d 36, CV increased at a rate of 0 .38% for every additional bird per sta-
tion (P = 0 .35) . Visits to the PF stations averaged 62 .4, 40 .4, 31 .6 and 
24 .5 visits/bird/d in order of increasing stocking pressure . Surprisingly, 
mortality decreased at the rate of 0 .17% for each additional bird in the 
pen (R2 = 0 .92; P = 0 .03) . Higher stocking pressure posed challenges 
for young PF pullets .

Key Words: precision feeding, broiler breeders, feed intake, uniformity

2   Effect of precision feeding on broiler breeder uniformity and 
efficiency. P . R . O . Carneiro*, S . H . Hadinia, T . E . Gilmet, and M . J . 
Zuidhof, Agricultural, Food and Nutritional Sciences, University of 
Alberta, Edmonton, AB, Canada.

Precision broiler breeder feeding system (PF) is a new technology that 
feeds birds based on their individual BW relative to a target BW . Hence, 
PF allows birds to consume several small meals throughout the day, 
which is expected to reduce competition for feed and increase flock 
uniformity . We hypothesized that PF may reduce perceived hunger, and 
subsequently reduce water intake . Two experiments were conducted to 
determine the effect of PF on flock uniformity, water intake, and effi-
ciency . In trial 1, 630 Ross 308 broiler breeder pullets were placed in 
14 pens (45 per pen) and fed with a conventional skip-a-day (SKIP) or 
PF system, from 10 to 23 wk of age . Weekly, individual BW and feed 
intake were measured, and BW CV and cumulative FCR were calculated . 
Water consumption was measured on 3 pens per treatment . Trial 2 was 
nested within the PF treatment . Nine birds per PF pen were assigned 
to 1 of 5 treatments: Low (Ross 708 target BW), Low flush (Low, with 
higher peripubertal growth rate), Standard (Ross 308 target), Standard 
Flush, and Frog (BW targets increased in large steps every 3 wk) . BW 
targets of the first 4 treatments were updated hourly. At every visit, BW 
was recorded by the PF system . In trial 2, CV was calculated weekly 

using median BW of each bird on a day . In trial 1, the CV of PF birds 
decreased significantly (P < 0 .05), reaching 9% by 23 wk of age com-
pared with the 13% in the SKIP treatment . At 23 wk, FCR was higher 
in the SKIP treatment compared with PF (4 .16 vs 4 .00, respectively; 
P < 0 .05) . There was no effect on water consumption at any age (P > 
0 .05), suggesting no difference in perception of hunger in PF and SKIP 
treatments . In trial 2, CV was lowest in the Standard treatment (CV = 
5.96%, compared with standard flush, CV = 7.14; P = 0 .04) and did 
not differ from Low, low flush and frog treatments (6.43%, 6.35% and 
6 .52% respectively) . Within the Standard treatment, CV was lowest in 
wk 22 (2 .91%; P < 0 .01) . In conclusion, the precision fed birds were 
more uniform and efficient.

Key Words: precision, feeding, water, uniformity, breeders

3   Impact of early feeding program on broiler breeder pullet 
behavior, body weight, and egg production. Carla D . Aranibar*1, 
Claudia S . Dunkley1, Adam J . Davis1, A . Bruce Webster1, Collin 
Usher2, Wayne I . Daley2, Woo K . Kim1, and Jeanna L . Wilson1, 1Uni-
versity of Georgia, Athens, GA, 2Georgia Institute of Technology, 
Atlanta, GA.

Broiler breeders are commonly feed restricted using some variation of 
skip-a-day (SAD) feeding to prevent excessive body weight gains and 
poor flock uniformity that results in low egg production and hatchability. 
While these feeding programs have improved flock performance in the 
past, the level of feed restriction has increased with genetic selection 
for feed efficiency. This project examined pullets that were offered a 
high fiber diet of soybean hulls (alternate day feeding; ATD) on the off 
day of a traditional SAD feeding program in comparison to the standard 
SAD program . The 2 dietary feeding methods each with 3 replicate pens 
of 210 pullets were tested . A sample of pullets was weighed weekly to 
adjust feed intake and maintain body weights at those suggested by the 
primary breeder . Feed allocations for the ATD pullets were reduced from 
10 to 20 wk to compensate for an improvement in gains in these pullets . 
Body weights at 20 wk were not different with SAD averaging 1836 g 
vs. 1851 g for ATD. Bird behavior was monitored via high definition 
video cameras from 1 h before and until 1 h after the photoperiod began 
and ended, respectively, each day . The use of a gross motion analysis 
tool indicated differences in movement between the 2 dietary feeding 
methods that may help explain the difference in gain . At 22 wk of age, 
pullets were moved to lay cages and fed on a daily basis . Egg produc-
tion through 32 wk was significantly improved in the hens fed under 
the ATD treatment (49% total egg production) when compared with the 
hens fed SAD (44% total egg production; P = 0 .006) as pullets . Overall, 
ADF females had greater weight gain on a similar feed allocation, and 
were more productive hens, which suggests improved bird wellbeing .

Key Words: broiler breeder pullets, skip-a-day, body weight, behavior, 
egg production

4   Effect of feed intake at 6 weeks of age on subsequent body 
weight and reproductive performance of broiler breeder females. 
Y . M . Lin*, A . C . Fahrenholz, and J . Brake, North Carolina State Uni-
versity, Raleigh, NC.

Previous research compared sigmoid and linear feeding programs for 
Ross 308 broiler breeder females to 21 wk of age . Female BW at 4, 6, 
8, 10, and 12 wk of age was increased by the sigmoid program while 
the linear feeding program increased female BW at 40, 48, and 56 wk 
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of age . The sigmoid feeding program decreased female mortality during 
hot weather, which resulted in increased hen-housed egg production 
without difference in hen-day production . However, the linear treatment, 
where the daily feed allocation at 6 wk of age was 43 versus 50 g per 
pullet for the sigmoid program, exhibited increased cumulative fertility . 
Thus, a second experiment compared 4 rearing feeding programs with 
Ross 708 broiler breeders . The 4 pullet feeding programs were termed 
high-high (HH), high-low (HL), low-high (LH), and low-low (LL) with 
daily feed (g) per pullet at 6, 15, and 21 wk being (HH) 52–70–94, (HL) 
52–64–94, (LH) 47 .5–70–94, and (LL) 47 .5–64–94, respectively . The 
LH feeding program exhibited the best fertility and hatchability, while 
the HH feeding program produced the poorest results (P < 0 .05) . In the 
present research, day-old chicks were fed a single starter diet with 17 .5% 
crude protein (CP) and 2 .9 kcal ME/g to 6 wk of age . This was followed 
by a 14 .5% CP, 2 .795 kcal ME/g crumbled growing diet to 26 wk of age 
with a 2 .8 kcal ME/g and 14 .5% CP layer diet fed from 27 to 64 wk of 
age . Three pullet feeding programs, applied to 4 replicate pens of 200 
pullets each, with daily feed per pullet at 6 wk being 50, 45 .5, and 42 .2 
g were evaluated with similar feed allocations being achieved from 19 
wk and thereafter . Cumulative fertility and hatchability of the 42 .2 g 
group was increased (P < 0 .05) compared with the other 2 treatments . 
There was no difference in fertile hatchability or egg production . The 
application of feeding programs that supplied approximately 42 g daily 
at 6 wk of age compared with greater amounts produced an improved 
persistency of fertility in Ross broiler breeder pullets .

Key Words: broiler breeder, pullet feeding program, sigmoid feeding, 
hatchability, fertility

5   Monitoring the air cell temperatures of broiler hatching eggs 
using transponders and probe networks. Opeyemi C . Olojede*, 
Filip S . D . To, and David E . Peebles, Mississippi State University, Mis-
sissippi State, MS.

A system of miniaturized networked devices was developed to enable 
monitoring of embryo temperature of incubating eggs using probes . 
The system was evaluated with recording of the same measurement 
points using implanted radio temperature transponders . Correspondence 
of the 2 sets of data will facilitate an efficient and low cost method of 
monitoring metabolic output of embryos in a large scale . The system 
developed will enhance understanding of embryo metabolic develop-
ment, and it will facilitate more advanced research to further advance the 
technology of egg-to-chicken conversion . The system has the potential 
of having an embryo-in-the-loop type of advanced and highly efficient 
incubation technology . This paper is a part of embryo temperature 
correlation research, which studies air cell temperatures with probes 
and implanted temperature transponders, and the temperatures of the 
eggshell using infrared thermometry . Sixty eggs were weighed and set 
in a single egg incubator with the 3 temperature measurement modes . 

Eggshell temperatures were recorded twice daily from 0 through 21 d of 
incubation (doi) . On 12 doi all the eggs were candled, and the air cells 
of eggs containing live embryos were implanted with transponders and 
the networked probes (nodes), and the non-fertile eggs were excluded 
from the experiment . Eggshell and air cell temperature readings between 
12 and 19 doi were positively correlated (r = 0 .42); P ≤ 0.0001), how-
ever mean shell (38 .6°C) and air cell (38 .8°C) temperatures differed 
significantly (P ≤ 0.0001). To further substantiate the estimation of 
embryo temperature using air cell readings, a network of probes may 
be effectively inserted in the air cells of eggs alongside transponders 
from 12 to 19 doi .

Key Words: air cell temperature, transponder, probe, eggshell tem-
perature, broiler embryo

6   Effects of pre-slaughter transportation on meat quality in 
divergently selected broiler lines. Sara K . Orlowski*1, Isaac D . Harf-
ord2, Alex D . Gilley1, and Nicholas B . Anthony1, 1University of Arkan-
sas, Fayetteville, AR, 2Cobb-Vantress, Princess Anne, MD.

Pre-slaughter stress has been shown to induce several meat quality 
abnormalities . Two such abnormalities include pale, soft, and exudative 
(PSE) meat and dark, firm and dry (DFD) meat. Both PSE and DFD 
conditions have been known to affect the stability and wholesomeness 
of both fresh and further processed products . The purpose of this study 
was to compare the effects of transportation stress and genetic selection 
for PSE/DFD conditions on meat quality . The broiler lines used included 
the random bred control (RBC) as well as the High L* (HMC) and Low 
L* (LMC) meat color lines . Two replications of approximately 60 birds 
per line were equally and randomly separated into a transported (T) and 
non-transported (NT) groups . The T group was cooped and transported 
for 3 h before processing, whereas the NT group was only cooped 
moments before slaughter . Measurements were collected for breast 
muscle pH at 15 min, 4 and 24 h postmortem, breast muscle color at 4 
and 24 h postmortem, and fillet drip loss at 24 h postmortem. Where 
differences are indicated, P ≤ 0.05. A line by treatment interaction was 
present for all traits, except for 15 min pH . Subjecting the RBC line to 
transport stress resulted only in a decrease in 24 h L* (49 .62 ± 0 .21 vs . 
48 .92 ± 0 .25) . The T group of the LMC line exhibited decreased L* 
at 4 (44 .08 ± 0 .25 vs . 42 .50 ± 0 .28) and 24 h (46 .88 ± 0 .22 vs 45 .70 ± 
0 .24) postmortem . The T group of the HMC line exhibited increased 4 
(52 .33 ± 0 .31 vs 53 .47 ± 0 .27) and 24 h (54 .07 ± 0 .27 vs . 54 .80 ± 0 .24) 
L* . In addition, the T group of the HMC line experienced decreased 
4 (5 .60 ± 0 .02 vs . 5 .50 ± 0 .02) and 24 h (5 .52 ± 0 .02 vs . 5 .45 ± 0 .02) 
muscle pH . When subjected to transport stress, the HMC line became 
more PSE-like and the LMC line became more DFD-like with very 
little change in the RBC line .

Key Words: broiler, transportation, meat color, meat quality, pH
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Student Competition: Extension and Instruction

7   Chick Chain: Bridging the gap. Laci B . MacKay*1, Danny 
Miller2, Amy Burgess2, M . L . Marks2, Joseph B . Hess1,2, and Kenneth 
S . Macklin1,2, 1Auburn University, Auburn, AL, 2Alabama Cooperative 
Extension System, Alabama.

Interest in backyard poultry has grown nationally; therefore there is a 
need for increased educational resources to aid in the proper care and 
welfare of the animals . According to the 2012 Ag Census, there were 
more than 196,000 farms raising laying flocks of less than 20,000 hens 
in the US . Among these farms, 89% have less than 50 hens per farm . 
The poultry industry is the number one farm commodity in Alabama, 
making up 68% of the state’s agriculture receipts . Alabama County 
extension coordinators and regional extension agents noticed a discon-
nect between the poultry community and extension programming efforts 
and an absence of youth poultry education opportunities . To bridge the 
gap, agents adapted the Chick Chain Program from similar programs 
being offered in MS, LA, and TN . The Alabama Chick Chain provides 
an opportunity for youth to become more familiar with the practices 
of raising poultry and exposes them to opportunities available in the 
poultry industry while teaching belonging, independence, generosity, 
and mastery through a home animal production 4-H project . Agents were 

also able to increase poultry adult education opportunities by collateral 
association with the project . 4-H participants choose up to 3 breeds 
and will receive 10 or 18 dual-purpose chicks . Each student chooses 3 
breeds from the pre-selected breed options provided by the county . It 
is a requirement for the participant to attend a training meeting before 
receiving their chicks as well as a home visit from an extension employee 
or trained volunteer during the program . At the program’s conclusion 
(~20 wk), the chain is completed by the participant auctioning off 3 
birds, allowing them to keep the remaining hens . Alabama Cooperative 
Extension, with collaboration from the Auburn University Poultry Sci-
ence Department, produced extensive education materials to help make 
each of the county programs successful . The once 2-county project in 
2010 has continued to expand, increasing to 24 counties in 2013 and 
to 61 out of 67 Alabama counties in 2015, making it the largest 4-H 
animal production program in the state . This has created a vast number 
of opportunities for extension to reconnect with the public .

Key Words: Chick Chain, 4H, extension

8   Withdrawn.
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Student Competition: Metabolism and Nutrition: Amino Acids

9   Intestinal nutrient transporter gene expression in broiler 
chickens fed methionine isomers or precursors. Shuai Zhang*1, 
Behnam Saremi2, Elizabeth R . Gilbert1, and Eric A . Wong1, 1Virginia 
Tech, Blacksburg, VA, 2Evonik Industries AG, Hanau, Germany.

To determine the effect of dietary methionine supplementation on 
intestinal amino acid/peptide/monocarboxylic acid transporter gene 
expression, a total of 242 male Cobb-500 broilers were fed from day 
of hatch to 35 d of age using a basal diet deficient in sulfur amino acids 
(control), or the control diet supplemented with dl-methionine (dl-Met), 
l-methionine (l-Met) or methionine analog dl-2-hydroxy-4-(methylthio) 
butanoic acid (dl-HMTBA) to meet requirements . Duodenum, jejunum, 
and ileum were collected at d 0 (d0), d3, d5, d10, d21, d26 and d35 (n 
= 5) . The mRNA abundance of 13 transporter genes ATB0,+, b0,+AT, 
B0AT, LAT1, MCT1, NHE3, PepT1, rBAT, SAT1, SAT2, SAT3, y+LAT1 
and y+LAT2 was assayed by real time PCR and expression data were 
calculated using qbase+ . The statistical model included the main effects 
of treatment, age, small intestinal segment and their interactions . Data 
were analyzed by ANOVA using JMP 10 .0 . Means were separated using 
Tukey’s test . When compared among different segments, ATB0,+, b0,+AT, 
B0AT, LAT1, rBAT, SAT1, SAT3, y+LAT1 and y+LAT2 had their high-
est expression in ileum, while SAT2, MCT1, NHE3 and PepT1 had the 
highest expression in duodenum . There was an age dependent effect in 
expression of the transporters . When analyzed within each segment, 
there was no significant difference between different levels or sources 
of methionine . In conclusion, dietary supplemental methionine sources 
altered minimally the expression of intestinal nutrient transporter genes 
in broiler chickens .

Key Words: l-Met, dl-Met, HMTBA, transporter, chicken

10   Effect of methionine supplementation on broiler yields. 
Ayoola A . Onafowokan*1, Rocky Latham1, Rob B . Shirley2, Nickki 
Sriperm2, Jason Lee1, and Christine Alvarado1, 1Department of Nutri-
tion and Food Science and Technology, Texas A&M University, Col-
lege Station, TX, 2Adisseo, Alpharetta, GA.

This experiment was conducted to determine the digestible total sulfur 
amino acid (dTSAA) requirement of male Cobb 500, using yield data . 
Seven dTSAA levels were formulated from 0 .491 to 0 .882%, in incre-
ments of 0 .065%, by adding dl-methionine (dl-Met) to a basal diet that 
contained 0 .90% digestible lysine (dLys) . An additional treatment evalu-
ated the 100% bioavailability of 2-hydroxy-4-(methylthio) butanoic 
acid (HMTBa: Rhodimet AT88) when formulated to a dTSAA level of 
0 .687% . Birds were located in a randomized complete block design with 
21 birds per pen and 13 replications after 35 d to assure an equivalent BW 
distribution between treatments . At 49 d, 6 birds per pen were randomly 
selected and processed at d 50 . Carcasses were chilled at 4°C for 80 
min, and drained for 15 min before being weighed and deboned . The 
evaluated parameters were fasted live weight, chilled carcass weight, 
total white meat (pectoralis major and minor), total dark meat (thigh 
and drumsticks), wings, and frame . The yield of these parts was based 
on a fasted live weight . In addition to yield, breast myopathies were 
also evaluated . The data were analyzed using PROC MIXED model 
of SAS (2004), and included the incidence of woody breast and block 
as a random effect . The dTSAA requirements were determined with a 
quadratic broken-line model using ProcNLIN . Results indicated chicken 
breast myopathy had a significant effect on the yield of various parts, 
except for wings and frame (P < 0 .05) . An increase in dTSAA levels 
had a positive effect on total white meat yield (P < 0 .05), and no effect 

on total dark meat, wings, or carcass yields (P > 0 .05) . As such, the 
dTSAA requirement that maximize total white meat yield was 0 .837% . 
There were no significant differences between methionine sources for 
the measured parameters, except for wings and total dark meat . These 
results indicate that broilers respond to increasing levels of methionine, 
and the bioavailability value of Rhodimet AT88 is 100% .

Key Words: methionine requirement, breast myopathies, meat yield

11   Using regression to predict the optimal dietary digestible 
lysine:true protein balance for broiler chickens. Rashed A . Alho-
tan* and Gene M . Pesti, University of Georgia, Athens, GA.

Meeting the requirements of the essential amino acids (EAA) has been 
a common practice during feed formulation without taking into account 
the importance of providing sufficient amounts of the nonessential 
amino acids (NEAA), which are required to maximize performance . 
The requirements of all amino acids (EAA and NEAA) can be most 
accurately accounted for when true protein (TP) values in relation to 
EAA are included in feed formulation models . The objective of this 
study was to perform a meta-analysis to estimate the optimal balance 
between digestible lysine (dLys) and the TP and CP contents of broiler 
feeds . Dose-response data for body weight gain (BWG) and feed conver-
sion ratio (FCR) obtained from recent research pertaining to the dLys 
requirements were compiled from the world’s literature . Using common 
ingredient composition values, the dLys requirements for each experi-
ment were re-calculated and the TP and CP contents were estimated . 
The data were fitted using Broken line linear (BLL) and broken line 
quadratic (BLQ) models . The dLys requirements of broilers for BWG 
and FCR increased linearly as the dietary TP and CP increased . Neither 
sex nor age of the chickens had an effect on these relationships . The 
dLys requirements for BWG and FCR were found to decrease (P < 0 .01) 
as chickens age . However, when examined as a ratio to TP, the dLys 
requirements did not change with age for BWG (P = 0 .14) or FCR (P 
= 0 .68) . The dLys requirements as estimated by the BLL model were 
predicted using regression to be 5 .17% ± 0 .04 (for maximum BWG) 
and 5 .29% ± 0 .06 (for minimum FCR) of the dietary TP . Whereas, the 
dLys requirements estimated by the same model were predicted to be 
4 .70% ± 0 .04 (for maximum BWG) and 4 .80% ± 0 .06 (for minimum 
FCR) of the dietary CP. The coefficient of determination suggested a 
better prediction for the dLys requirements when TP was the predictor 
compared with CP. The good linear fit should help predicting the dLys 
requirement from TP (and vice versa) which can be used in feed formu-
lation models to represent the requirements of both EAA and NEAA .

Key Words: broiler, amino acid, lysine, true protein, crude protein

12   Effects of glycine and glutamine supplementation to low 
crude protein diets on growth performance and processing 
yields of male broilers during a 40-day production period. Ruben 
Kriseldi*1, Paul B . Tillman2, Zhirong Jiang3, and William A . Dozier 
III1, 1Auburn University, Auburn, AL, 2Poultry Technical Nutrition 
Services LLC, Budford, GA, 3Ajinomoto Heartland Inc., Chicago, IL.

Glycine supplementation has been reported to ameliorate poor perfor-
mance of broilers fed low CP diets during the first weeks posthatching, 
but it is unclear if this response is due to Gly or nitrogen contribution . 
An experiment was conducted to determine the effects of feeding low 
CP diets supplemented with Gly and/or Gln on growth performance and 
carcass characteristics during a 40 d production period . One thousand 6 
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hundred Ross × Ross 708 male chicks were distributed to 64 floor pens 
(25 birds/pen) . Broilers were randomly fed 1of 8 treatments (TRT, 8 
replications/TRT) . In addition to a positive (PC) and negative control 
(NC), 6 TRT diets were formulated with intermediate concentrations of 
Gly+Ser, CP, or a combination of both . Glycine was added to increase 
Gly+Ser, while Gln was added as nitrogen source to increase CP . This 
was accomplished by adding Gly and/or Gln to the NC diet at either 
33 or 66% of the difference in Gly+Ser or CP between the PC and NC 
diet . The TRT structure was as follow: (1) NC; (2) NC+33% Gly; (3) 
NC+66% Gly; (4) NC+33% Gln; (5) NC+66% Gln; (6) NC+33% Gly 
and Gln; (7) NC+66% Gly and Gln; (8) PC . Diets were formulated to 
contain 1 .25, 1 .10, and 1 .00% digestible Lys in the starter, grower, and 
finisher periods, respectively, with optimum ratios of TSAA, Thr, Val, 
Ile, Arg, and Trp . A 2 .5% reduction in CP was formulated between the 
NC and PC diets . Birds fed the NC diet had higher (P < 0 .05) cumulative 
feed conversion ratios (FCR) than birds fed the PC diet . Broilers fed diets 
supplemented with both Gly and Gln at 33% and 66% to the NC diet 
had similar (P > 0 .05) cumulative BW gain and FCR to birds receiving 
the PC diet, but poorer (P < 0 .03) cumulative FCR were observed when 
33% Gly or Gln diets were fed . Broilers fed TRT 7 had higher (P < 0 .05) 
breast meat yield (25 .5%) than TRT 3 (24 .9%) but were not different 
(P > 0 .05) compared with birds receiving the PC diet . These results 
indicated that the addition of Gly and Gln (nitrogen source) to a low CP 
diet alleviated the adverse effects on growth performance of broilers .

Key Words: glycine, glutamine, broiler

13   Determination of the total sulfur amino acid requirement of 
the Cobb 500 male broiler between 35 and 49 days of age. Rocky 
E . Latham*1, Nickki Sriperm2, Rob Shirley2, and Jason T . Lee1, 
1Texas A&M Agrilife Research, College Station, TX, 2Adisseo USA, 
Alpharetta, GA.

An experiment was conducted to determine the digestible total sulfur 
amino acid requirement (dTSAA) of male Cobb 500 broilers from 
35 to 49 d . In increments of 0 .065%, dl-methionine (dl-Met) was 
added to a basal diet that contained 0 .90% digestible lysine (dLys) . 
All other essential AA ratios, except dTSAA, were formulated 
above their requirements . The dose titration of dl-Met to the basal 
diet resulted in 7 dTSAA levels that ranged from 0 .491 to 0 .882%; 
calculated dTSAA:dLys ratio ranged from 55 to 98 . To validate the 
bioavailability of 2-hydroxy-4-(methylthio) butanoic acid (HMTBa), 
an additional treatment was formulated to a dTSAA level of 0 .687% 
with Rhodimet AT88 (88% concentration; 100% bioavailable) . Each 
treatment consisted of 13 rep with 21 birds per pen . Prior to d 35, all 
broilers were reared on a common starter, grower, and finisher diet. On 
d 35, all broilers were allotted to achieve statistically equivalent body 
weights (BW) between pens and blocks in a randomized complete block 
design . The data were analyzed using PROC MIXED procedure of SAS 
(2004) included block as a random effect. There was no significant 
difference in BW among treatments at d 35 (P > 0 .05) . The evaluated 
parameters were mortality-corrected feed conversion ratio (FCR), BW, 
BWG, feed consumption (FC), and cumulative FCR (cFCR) . Digestible 
TSAA requirements were determined using a quadratic broken-line 
model (QB) using ProcNLIN . A one-way ANOVA was conducted to 
determine if statistical differences were present between the dl-Met and 
HMTBa treatment . All parameters evaluated showed strong relation-
ships for dTSAA level, except for FC . The dTSAA requirements that 
maximize d49 BW, BWG and minimize FCR and cFCR were 0 .793, 
0 .800, 0 .764, and 0 .772%, respectively . No differences were observed 
between the 2 methionine sources confirming that the bioavailability 
value of Rhodimet AT88 is 100% .

Key Words: TSAA, methionine requirement, broken-line regression

14   Ideally balanced amino acid levels affect laying hen weight 
and composition, feathering, and amounts of egg components. 
Dinesh Kumar*, Centaine Raginski, Karen S . Lardner, and Henry L . 
Classen, University of Saskatchewan, Saskatoon, SK, Canada.

The response of laying hens to balanced dietary protein goes beyond the 
key production characteristics of egg production, egg weight and feed 
efficiency. A study was completed to assess the response of Lohmann 
LSL hens (27–66 wk of age) to graded levels of digestible lysine (dLys) 
intake (bracketed values corrected for feed intake) of 550 (560), 625 
(651), 700 (707), 775 (795) and 850 (858) mg/hen/day, while other 
essential AA were balanced relative to dLys level . This report focuses 
on body weight (BW), tissue weights, feathering quality, and size of 
egg components as response criteria . A completely randomized design, 
and Proc Mixed and Proc Reg of SAS 9 .3 were used to analyze data . 
Effects were considered significant when P ≤ 0.05. BW at the beginning 
of the trial averaged 1 .64 kg and was not affected by treatment . At trial 
end, the average BW for hens consuming 560, 651, 707, 795, and 858 
mg dLys/d averaged 1 .41, 1 .63, 1 .71, 1 .80, and 1 .81 kg, respectively . 
Absolute and proportional fat pad and breast muscle weights increased 
with dLys intake, with all responses quadratic except absolute total 
breast and proportional pectoralis minor weights, where the increase 
was linear . Ovary weight, number of follicles and size of follicles were 
not affected by treatment . Overall feathering improved linearly with 
increasing dLys intake, as it did for 4 of the 5 areas examined (neck, 
wings, vent, breast); back area feathering improved quadratically with 
dLys intake . Albumen height (mm) and weight (g) increased linearly 
with increasing dLys, while increases in egg shell and yolk weight 
were quadratic . On a proportion basis, egg shell decreased linearly 
with increasing dLys intake . Yolk and albumen proportional weight 
responded to dLys in a quadratic manner with highest values found for 
the 707 and 795, and 858 mg/d treatments, respectively . In conclusion, 
dLys levels affect hen body weight and composition, feathering and the 
amounts of egg components .

Key Words: ideal protein, digestible lysine, feather score, body 
composition

15   Effect of palmitic acid supplementation on hatchability, 
reproductive performance, and progeny growth. Nirun Boonsin-
chai*, Justina Caldas, Andrew Magnuson, Judith England, and Craig 
Coon, University of Arkansas, Fayetteville, AR.

A previous study at the University of Arkansas showed a large amount 
of palmitic acid was utilized (about 64 .0% of palmitic acid content in the 
fresh yolk) by the embryo from young hens (28 wk of age) . Palmitic acid 
supplementation has been reported to enhance hatchability in Japanese 
quail (Vilchez et al ., 1990) . The objectives of the present study were to 
determine the effect of supplementation of 3 .0% of palmitic acid in the 
diet on hatchability, egg production, and progeny performance of broiler 
breeder hens . A total of 90 Cobb-500 pullets (18 wk of age) were reared 
in group floor pens (35 pullets/pen). Pullets were divided into 2 groups, 
each contained 45 birds . A basal diet was formulated and then corn starch 
and Palmit 80 (containing 80% palmitic acid) were added to make the 
control and treatment diets . The experimental period lasts from 18 to 45 
wk of age . At 21 wk of age, pullets were placed into individual cage and 
photo stimulation program was applied . Egg production, hatchability 
traits, and progeny performance were compared at 27, 35, and 40wk of 
age . The Student’s t-test was performed to compare performance and 
Chi-squared test was used for hatchability traits (SAS 4 .0) . Cumulative 
egg production at 42 wk of age was not significantly different between 
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control (77 .58 eggs/hen) and palmitic acid supplemented groups (77 .16 
eggs/hen; P = 0 .8689) . Fertility at 27 wk (80 .2 vs . 75 .2%; P = 0 .0492) 
and 35 wk of age (89 .2 vs . 77 .5%; P < 0.05) were significantly higher 
for breeder hens fed the palmitic acid diet compared with control group . 
Although, a statistical test was not performed, the hatch of fertile for 
both ages was numerically higher for hens fed palmitic acid (73 .3 vs . 
70 .0% and 87 .2 vs . 77 .0% at 27 and 35 wk of age, respectively) . The 

body weight (222 .01 vs . 228 .48 g; P = 0 .4377), ADG (18 .5 vs . 19 .6g; 
P = 0 .4113), and FCR (1 .31 vs . 1 .17; P = 0 .1607) of the progeny from 
palmitic acid supplemented hens and control group hens at 27 wk were 
not significantly different.

Key Words: palmitic acid, broiler breeder, hatchability, egg production, 
progeny performance
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Student Competition: Metabolism and Nutrition: Feed Additives I

16   Stearidonic acid-enriched flax oil or regular flax oil in com-
bination with canola, corn, or fish oil for egg bioactive lipid enrich-
ment. Sandeep Nain*, Robert A . Renema, Chris Kazala, Randall J . 
Weselake, and Douglas R . Korver, University of Alberta, Edmonton, 
AB, Canada.

Intake of long chain n-3 polyunsaturated fatty acids (LC n-3 PUFA) in 
the human diet may be limiting. The impact of a genetically-modified 
flax oil enriched in stearidonic acid (SDA) on egg LC n-3 PUFA enrich-
ment was studied in individually-caged White Leghorn hens (47 wk 
old, n = 210) . Control diets contained 4 .5% canola oil (CAN), corn 
oil (CO), or fish oil (FO), with no flax oil. To investigate competition 
among fatty acids during egg enrichment, 3 sets of diets with 2% CAN, 
CO or FO in addition to either 2.5 or 5% of regular flax oil (Regflax) 
or SDA-enriched flax oil (SDAflax) were used. Production traits were 
measured; eggs at 0, 21 and 35 and livers at 35 d were collected for 
fatty acid analysis . At 35 d, ovary weight and number of large yellow 
follicles were recorded. Data were analyzed using Proc Mixed; signifi-
cance was set at P < 0 .05 . Diet did not affect egg production or quality 
(albumen height and shell thickness), feed intake, total egg mass, BW 
change or reproductive traits, suggesting no effect of oil source on hen 
health or performance . Hens fed only CAN or CO had the lowest liver 
total n-3 PUFA (2 .4 and 0 .8%, respectively) . Inclusion of 5% RegFlax 
or SDAflax oil in CAN (7.5% and 7.1%, respectively) or CO (7.1% and 
7 .0%, respectively) diets resulted in similar increases in total liver n-3 
PUFA, suggesting an absence of lipid competition at the liver during 
yolk lipid deposition. At 35 d, hens fed 2.5 or 5% of either flax oil had 
greater total egg n-3 PUFA compared with hens fed CO, CAN or FO 
without flax oil, suggesting equal potential of using either flax type in 
hen diets for total n-3 PUFA egg enrichment . FO alone increased LC 
n-3 PUFA by 3.5-fold at 35 d vs 0 d. However, SDA flax at either level 
plus FO resulted in the same degree of LC n-3 PUFA at 35 d as with 
4 .5% FO alone . In hens fed RegFlax with FO, yolk LC n-3 PUFA were 
lower compared with FO alone. Moreover, 5% SDAflax oil with CAN 
or CO increased LC n-3 PUFA at 35 d vs 0 d. SDA-enriched flaxseed 
increased egg LC n-3 PUFA to a similar extent as FO, without any 
negative effect on performance traits .

Key Words: egg, flax, stearidonic acid, n-3 fatty acid, laying hen

17   The effect of refined functional carbohydrates (RFC) from 
enzymatically hydrolyzed yeast on the presence of Salmonella in 
the ceca of broiler breeder pullets. G . K . Walker*1, S . Jalukar2, and 
J . Brake1, 1North Carolina State University, Raleigh, NC, 2Arm and 
Hammer Animal Health, Mason City, IA.

Appropriate enzymatic hydrolysis of yeast can produce refined func-
tional carbohydrates (RFC) that have protective activities against a 
range of bacterial species. Specifically, Aviator SCP (Arm and Hammer 
Animal Health, Mason City, IA) has been found to possess a sugar that 
interferes with Salmonella attachment . It was hypothesized that RFC 
produced by specific enzymatic hydrolysis form complexes with bacteria 
such as Salmonella, which are then eliminated from the intestinal tract . 
Ross 708 broiler breeder pullets were reared in an enclosed house under 
standard management conditions to photostimulation at 21 wk of age . 
Half of these pullets received 50 g/MT of the RFC product in their diet 
from day of placement and half remained as controls in a simple 2-factor 
design . There were 8 pens fed each diet and there was no effort made to 
isolate pens from typical daily foot traffic between all pens. There were 
28 pullets from each dietary treatment transferred to individual cages 

at 22 wk of age, where they remained on their respective diets until 
cecas were aseptically excised at 23 wk of age . Cecas were weighed 
and individually tested for Campylobacter through the use of selective 
plate culturing methods . Cecas were then pooled into groups of 2 (14 
pairs from each diet) and analyzed for the presence of Salmonella with 
selective plate culturing methods . Of the cecas sampled from pullets fed 
the control diet, 71 .4% were found to contain Salmonella, while 0% of 
the cecas from pullets fed the RFC diet tested positive for Salmonella . 
All cecas tested negative for Campylobacter . These data demonstrated 
that appropriate RFC can reduce Salmonella colonization of broiler 
breeder pullet ceca .

Key Words: functional carbohydrate, yeast, broiler breeder, Salmo-
nella, ceca

18   Supplementation of a sorghum-based diet with a Bacillus 
direct-fed microbial candidate influence growth performance, 
protein digestibility, and bone strength of 28-day-old broilers. 
Juan D . Latorre*1, Ross E . Wolfenden2, Jose L . Vicente2, Xochitl 
Hernandez-Velasco3, Amanda D . Wolfenden1, Vivek A . Kuttappan1, 
Lisa R . Bielke1, Billy M . Hargis1, and Guillermo Tellez1, 1Univer-
sity of Arkansas, Department of Poultry Science, Fayetteville, AR, 
2Pacific Vet Group-USA Inc., Fayetteville, AR, 3Universidad Nacional 
Autónoma de México, Mexico City, Mexico.

Grains such as sorghum are used world-wide in poultry diets, however, 
antinutritional factors such as phytate, polyphenols and kafirin affect 
nutrient digestibility, limiting performance . The objective of this study 
was to evaluate the dietary inclusion of a Bacillus direct-fed microbial 
(DFM) on growth performance, protein digestibility and bone quality . 
In the present study, 2 independent experiments were conducted using 
a starter (0–7d) and grower (7–28 d) mash sorghum-based diets with 
or without inclusion of a Bacillus-DFM . In both experiments, day-of-
hatch chicks were randomly assigned to 2 different groups: Control 
without DFM or candidate-DFM previously selected based on quali-
tative enzyme activity including protease, phytase, lipase, xylanase 
and cellulase . In each experiment, 4 replicates of 25 male chicks were 
used per group, and Bacillus spores were included at a concentration 
of 106/g of feed . Weekly, body weight (BW), feed intake (FI), and 
feed conversion (FCR) were evaluated . At d 28, all chickens in both 
groups were humanely killed; the ileal digesta content was obtained 
to measure apparent protein digestibility using Cr2O3 (0 .25%) as an 
indigestible marker from 2 broilers per replicate . Simultaneously, both 
tibias were evaluated for bone strength (kg/mm2) and bone composi-
tion (Ash%, Ca%, P%). As a result, in both experiments significant 
improvements in BW, FCR and ileal protein digestibility were observed 
in chickens consuming the DFM in comparison to the control group (P 
< 0 .05) . Moreover, broilers fed the DFM-supplemented diet showed 
an increment in bone strength and composition quality measurements 
when compared with the non-supplemented group (P < 0 .05) . These 
findings suggest that inclusion of a selected Bacillus-DFM candidate 
in sorghum-based diets can improve nutrient digestibility, and bone 
quality variables, therefore enhancing growth performance in broiler 
chickens .

Key Words: Bacillus-DFM, sorghum, enzymes, digestibility, bone 
quality

19   Effect of a feed additive containing multi-enzymes and 
direct-fed microbials on growth performance in broilers fed US 
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commercial-type diets with or without antibiotic growth promot-
ers. C . A . Flores*1, T . E . Askelson1, Y . Dersjant-Li2, K . Gibbs2, T . 
Duong1, A . Awati2, and J . T . Lee1, 1Department of Poultry Science, 
Texas A&M Agrilife Research, College Station, TX, 2DuPont Indus-
trial Biosciences, Danisco Animal Nutrition, Marlborough, UK.

This study evaluated the effect of a feed additive containing a combina-
tion of multi-enzymes (xylanase, amylase and protease) and direct-fed 
microbials (DFMs, 3 Bacillus spp . strains, referred thereafter as Addi-
tive) on performance and cecal microbiota in broilers fed commercial-
type diets with or without antibiotic growth promoters (AGP) . Six treat-
ments were tested using day-old Cobb 500 male broilers in a randomized 
block design with 9 replications per treatment (40 birds/pen) using built 
up litter . Treatments were (1) control 1 (C1) based on corn/soy/wheat 
(10%) containing 500 FTU/kg phytase; (2) C1 + Additive; (3) control 2 
(C2 = C1+BMD (bacitracin methylene disalicylate)); (4) C2 + Additive; 
(5) control 3 (C3 = C1+ virginiamycin); (6) C3 + Additive . Diets were 
fed ad libitum in pelleted form in 3 phases: 1–10 (crumble), 11–21, 
and 22–42 d . Body weight gain (BWG) and feed intake (FI, corrected 
for mortality) were measured . Body weight corrected feed conversion 
ratio (FCRc, corrected for 3 points for each 100g BWG difference from 
C1) was calculated . On comparison of Additive with control, Additive 
(P < 0.05) improved ADG and reduced FCRc (−4 points). Treatment 
means comparison data showed that C2 + Additive and C3 + Additive 
reduced (P < 0 .05) FCRc compared with C1, while other treatments 
showed intermediate response . No Additive and AGP interactions were 
found based on factorial analysis . Additive + virginiamycin reduced (P 
< 0 .05) FCRc; additive + BMD tended to improve (P = 0 .08) BWG 
and reduce FCRc (P = 0 .09) compared with AGP used alone . At 42 d, 
Escherichia coli and total coliform counts were numerically reduced 
(P > 0 .05) in the ceca of birds fed the additive on basal diets with or 
without BMD . Recovery of Campylobacter was reduced (P < 0 .05) in 
birds fed the C2+ Additive compared with AGP-only treated groups . It 
can be concluded that the feed additive containing the combination of 
multi-enzymes and DFM improved feed efficiency in broilers fed diet 
with or without AGPs .

Key Words: broiler, antibiotic growth promoter (AGP), enzyme, direct-
fed microbial (DFM), feed efficiency

20   The effect of direct-fed microbial (PrimaLac) on perfor-
mance and energy metabolism in broiler chicks. Samantha A . 
Black*1, Jesse L . Grimes1, Vivek Fellner1, Doug R . Smith2, and Mark 
Young3, 1North Carolina State University, Raleigh, NC, 2Diamond V 
Mills Inc., Cedar Rapids, IA, 3Star Labs/Forage Research Inc., Clarks-
dale, MO.

Two battery trials were conducted to determine if a direct-fed microbial 
(PrimaLac) was effective in improving broiler performance and energy 
metabolism in corn, wheat, soy diets fed to Ross 708 male chicks . In trial 
1, a low, no added fat diet (1%) with treatments (T) of 0, 1, 2 and 4 lb/
ton of DFM fed to chicks in 48 cages to 21 d . In trial 2, a 2 by 2 design 
was used with added fat [1% (Low) or 6% (High)] and DFM inclusion 
[0 (No) or 2 lbs/ton (Yes)] in a low fat diet . T were fed to chicks in 72 
cages to 20 d . BW and feed intake (FI) for FCR were measured weekly . 
Cecal contents were collected on d 21 for volatile fatty acids (VFA) . 
Data were analyzed using JMP 11. Means were considered significant 
at P < 0 .05 . There was no improvement in BW gain (BWG) or FI for T 
in trial 1 . However, cumulative FCR at 2 weeks was improved for 2 and 
4 lb/ton of DFM added over non-DFM T . After wk 2 there was no effect 
on FCR . When DFM was added at any level, there was increased total 
VFA production in the ceca on d 22. In trial 2, there was a significant 
increase in BWG with high fat (Yes and No DFM) and the low fat, Yes 

DFM T over the low fat No DFM T . The same effect was seen in FI . 
Cumulative FCR was improved with high fat T and in low fat T with 
DFM compared with the low fat with No DFM . There was a higher 
concentration of total VFA in the ceca with the low fat diets over the 
high fat diets at d 21 . In conclusion, the DFM (PrimaLac) provides 
improvement in performance when added to low fat diets and may 
contribute to energy metabolism (VFA) of broiler chicks .

Table 1

Item
Cumulative

VFA (mM)BWG (g) FI (g/bd) FCR
Trial 11     
 0 924 1392 1 .389 99 .98
 1 924 1387 1 .390 113 .96
 2 904 1320 1 .346 110 .57
 4 880 1312 1 .366 109 .69
SEM 1 .9 1 .6 0 .018 10 .01
P-Value 0 .2958 0 .4249 0 .6415 0 .0887
Trial 22     
 High No 764a 1,054a 1 .346b 124 .62
 High Yes 756a 1,071a 1 .373b 124 .62
 Low No 629b 948b 1 .480a 134 .16
 Low Yes 749a 1,071a 1 .398b 133 .10
SEM 1 .7 2 .0 0 .016 6 .05
P-Value 0 .0001 0 .0220 0 .0011 0 .0662
1Trial 1: DFM inclusion in lbs/ton .
2Trial 2: fat (high = 6% or low = 1%) DFM inclusion (no or yes at 2 lbs/ton) .

Key Words: broiler, direct-fed microbial, metabolism, volatile fatty 
acids, nutrition

21   The histological changes of small intestine maturation in 
broilers supplemented with Bac-D and probiotics. Chelsea Phil-
lips*, Zack Lowman, and Chris Ashwell, North Carolina State Uni-
versity, Raleigh, NC.

The poultry industry utilizes various methods to produce the most effi-
cient, fastest growing bird possible, including the use of growth promo-
tants such as: probiotics, enzymes, MOS and antibiotics . However, while 
the use of antibiotics in the food production industry has declined due to 
concerns of antibiotic resistance, the problem of harmful bacteria that 
interferes with optimal growth has not . Bac-D is a disinfectant with the 
primary active ingredient of benzalkonium chloride . Bac-D is generally 
regarded as safe (GRAS) and when used to wash eggs has been shown 
to significantly decrease bacterial loads on the exterior of the eggs. The 
chicks that hatched from these eggs showed differences in performance, 
including altering gene expression in the small intestine . The purpose 
of this trial was to examine the effects of adding Bac-D to the water of 
chicks in comparison to probiotics supplementation in the feed . A total 
of 144 broiler chicks were placed in one of 4 treatment groups: control 
(C), control plus Bac-D (B), control plus Primalac (CP), and Bac-D 
plus Primalac (BP), with 36 birds per treatment . In addition to collect-
ing body weight data throughout the experiment, samples of the small 
intestine were taken for histological measurements . The villus height, 
width, and crypt depth were significantly higher in C birds compared 
with B birds at d 7 similar results were observed at d14 excluding villus 
height in which there were no differences . The BP group demonstrated 
slightly higher values than CP in all categories at d7 and d14, the only 
significantly different value being in villus height at d7. Compared with 
the controls, significant increase in body weights at d 7 and 14 as well 
as significant changes in gastrointestinal development (as determined 
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by ANOVA, P < 0 .05) were observed in all treatments . It would be 
of significant economic importance to producers if Bac-D could play 
similar roles as a probiotic or antibiotic within the bird . The results of 
this trial are encouraging, and merit additional research to the possible 
uses of Bac-D in commercial poultry production .

Key Words: Bac-D, probiotics, growth promotant, villi, histology

22   Effect of supplemental multi-enzymes and direct fed micro-
bial on nutrients digestibility in broilers fed low- and high-fiber 
diets. Amit K . Singh*1, Julio F . Diaz Berrocoso1, Yueming Dersjant-
Li2, Ajay Awati2, and Rajesh Jha1, 1University of Hawaii at Manoa, 
Honolulu, HI, 2Danisco Animal Nutrition, Marlborough, United 
Kingdom.

This study evaluated the effects of multi-enzymes (xylanase, amylase 
and protease) and direct-fed microbial (DFM, 3 Bacillus spp .) supple-
mentation to low- and high-fiber diets on apparent ileal digestibility 
(AID) and total-tract digestibility (ATTD) of nutrients in Cobb 500 
broiler chickens . A completely randomized 2 × 4 factorial design with 
8 replicate cages (6 birds/cage; in 2 runs) was used . The treatments 
included 2 fiber levels: low-fiber diet based on corn and SBM; high-fiber 
diet with addition of wheat, wheat middling, canola meal and DDGS . 
Each fiber diet was supplemented with (1), none (control, NC), (2) multi-
enzymes, (3) DFM, or (4) the combination of multi-enzymes and DFM . 
Test diets were pelleted and fed to the broilers from 0 to 21days of age, 
all diets contained 500 FTU/kg phytase in the background. High-fiber 
diets decreased (P < 0 .05) AID and ATTD of DM, CP, GE and AME 
compared with low-fiber diet. Feed additives improved AID of CP and 
GE, ATTD of CP, EE, starch, ADF, and NDF and AME. Significant 
(P < 0.001) fiber × additive interaction was found on ATTD starch 
digestibility and AME, showing higher effect on starch digestibility 
with low-fiber diet and higher increase in AME in high-fiber diet. The 
combination of enzymes and DFM increased (P < 0 .05) the apparent 
ileal energy digestibility, AME and AID of CP compared with NC, 
while enzymes and DFM used individually showed the intermediate 
effect . The results obtained from this study imply that the multi-enzyme 
in combination with DFM can be effective in optimizing the nutrient 
digestibility throughout the intestine of chickens .

Key Words: broiler, direct-fed microbial, fiber, enzyme, ileal and 
total-tract digestibility

23   Efficacy of in-feed supplementation of plant-derived antimi-
crobials in reducing aflatoxicosis in chickens. H . Yin*1, C . Chen1, I . 
Upadhyaya1, A . Upadhyay1, S . Fancher1, J . Li2, M . S . Nair1, S . Mooy-
ottu1, M . I . Khan2, M . J . Darre1, A . M . Donoghue3, D . J . Donoghue3, 
and K . Venkitanarayanan1, 1Department of Animal Science, University 
of Connecticut, , Storrs, CT, 2Department of Pathobiology and Veteri-
nary Science, University of Connecticut, , Storrs, CT, 3Department of 
Poultry Science, University of Arkansas, Fayetteville, AR.

Aflatoxins (AF) are a group of secondary metabolites produced by Asper-
gillus flavus and Aspergillus parasiticus, which frequently contaminate a 
variety of chicken feed ingredients . Contamination of poultry feed with 
AF is a major concern to the poultry industry, because aflatoxicosis in 
chickens results in significant economic losses due to poor feed utiliza-
tion, decreased body weight gain, and increased mortality . In addition, 
the consumption of AF-contaminated poultry products negatively affects 
public health due to their carcinogenic and hepatotoxic properties . 
This study investigated the efficacy of 2 generally regarded as safe, 
plant-derived antimicrobials (PDAs), namely carvacrol (CR) and trans-
cinnamaldehyde (TC), in controlling aflatoxicosis in chickens. Day-old 

broiler chicks were fed with AF contaminated feed (~2 .5ppm) with or 
without supplementation of 0 .75% CR or TC for 5 weeks . In wk 3 and 
5, chicken performance, including body weight gain, feed intake, and 
feed conversion rate were measured . In addition, the relative weights 
of liver, kidney, spleen, and bursa of Fabricius were determined, and 
histological analysis of liver was performed . Results revealed that CR 
and TC supplementation in AF-contaminated feed ameliorated AF-
induced adverse effects in chickens . Both CR and TC improved body 
weight gain of chickens in wk 3 and 5 compared with chickens fed with 
AF alone (P < 0.05). In addition, PDA supplementation significantly 
decreased relative liver weight in birds . Histological analysis revealed 
that the PDAs reduced AF-induced toxic effect in the liver of birds, 
where PDA-treated chickens had decreased hepatocellular degeneration, 
necrosis and inflammation in the liver compared with chickens fed with 
AF feed alone . Results suggest that CR and TC could potentially be used 
as feed additives to control aflatoxicosis in broiler chickens. Funded in 
part by the USDA-NIFA-OREI 2011–01955 .

Key Words: aflatoxin, carvacrol, trans-cinnamaldehyde, broiler, 
chicken feed

24   Degradation products of multi-enzyme preparations 
improve the performance and digestive health of wheat-fed 
broilers. Nadia Yacoubi*1,2, Luc Saulnier1, Estelle Bonnin1, Lamya 
Rhayat3, Richard Ducatelle2, and Filip Van Immerseel2, 1INRA Nantes, 
Nantes, France, 2Faculty of Veterinary Medicine, Merelbeke, Belgium, 
3Adisseo France SAS, Commentry, France.

Multi-enzyme preparations (MEP) are widely used as feed additives to 
improve the performance of broilers fed with cereal-based diet . In the 
present study, we investigated the effect of MEP degradation products 
on broiler performance, on microbial fermentation, on short chain fatty 
acid (SCFA) production and on gut wall inflammation, during a 2-week 
in vivo experiment . Wheat water-soluble fractions produced, at pilot 
scale, with and without MEP were fractioned by ethanol precipitation 
into 2 sub-fractions: a high-molecular-weight fraction (HMw-F) and 
a low-molecular-weight fraction (LMw-F) . Then these fractions were 
incorporated at 0 .1% to a wheat-based diet to feed 480 Ross PM3 dis-
tributed in 5 groups of 96 broilers (12 broiler × 8 pens) . Body weight 
gain (BWG) and feed conversion ratio (FCR) were calculated at d 7 and 
14 . After d 14, all the animals were euthanized and 24 animals/group 
were sampled . Ileal and cecal content and tissue samples were taken for 
short-chain fatty acids (SCFA) quantification and histochemical analysis. 
MEP degradation increased the solubilization of arabinoxylan (AX) and 
reduced their Mw . The AX represent 50% of HMw-F and 15% of LMw-F 
produced by MEP, whereas they represent 45% of HMw-F and 1% of 
LMw-F produced without MEP, indicating AX degradation by MEP . 
The MEP HMw-F increased significantly (P < 0 .05) BWG throughout 
the 2 wk, compared with untreated HMw-F, without modifying FCR . It 
also increased SCFA production (P < 0 .05) in cecum, mainly butyrate 
and acetate, and decreased the T-cell infiltration in the cecum and ileum 
significantly (P < 0.05). There were no significant difference between the 
animals receiving LMw-F produced with or without MEP when consider-
ing BWG, FCR, T-cell infiltration and SCFA production. MEP degradation 
products could be responsible for the increase of SCFAs production in 
cecum and the decrease of T-cell infiltration in the digestive tract. These 
gut health improvement could explain at least partly the BWG increase .

Key Words: broiler, enzyme, wheat, gut health, body weight gain
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25   Effect of rate and extent of starch digestion on broiler 
chicken performance. Eugenia Herwig*, Rachel K . Savary, Karen 
Schwean-Lardner, and Henry L . Classen, University of Saskatchewan, 
Saskatoon, SK, Canada.

~~Research has shown a positive effect of slowly digested starch on 
broiler performance, but the results may have been confounded by non-
starch characteristics of the starch sources . To reduce this possibility, 
research examined the performance and carcass quality of broilers fed 
diets containing starch sources differing in rate and extent of starch 
digestion. Semi-purified rapidly (RDS, wheat) and slowly digested 
(SDS, pea) starches were used in diets formulated to be isocaloric and 
isonitrogenous, and differ only in the proportion of the 2 starch types . 
Six ratios of RDS to SDS (100:0, 80:20, 60:40, 40:60, 20:80, and 
0:100) were each fed to 1 male and 1 female pen of broilers in each 
of 6 rooms from 0 to 31 d of age . Data were analyzed as randomized 
complete block design using Proc Mixed, Proc Reg, and Proc RSReg 
of SAS 9 .3 . In the following results, means will be reported in order of 
increasing proportions of SDS . Body weight gain (kg) from 0 to 31 d 
of age declined linearly as levels of SDS increased in a sex-dependent 
fashion (males: 2 .033, 2 .063, 1 .999, 1 .983, 1 .932, 1 .827; females: 1 .774, 
1 .806, 1 .815, 1 .758, 1 .767, 1 .714) . A quadratic response approached 
significance (P = 0 .09) . An interaction was also found for 0–31 d feed 
intake (kg; males: 2 .976, 2 .930, 2 .924, 2 .888, 2 .854, 2 .913; females: 
2 .605, 2 .643, 2 .667, 2 .621, 2 .627, 2 .668) . Mortality corrected gain to 
feed ratio (0 to 31 d) was quadratically influenced by dietary SDS with 
the maximum level achieved at 20% inclusion (0 .690, 0 .701, 0 .687, 
0 .681, 0 .679) . Mortality was not affected by dietary treatment . As a % 
of live weight at 31 d, breast meat increased, and breast and thigh skin 
decreased linearly with increasing dietary SDS, indicating a shift in the 
allocation of resources from fat to muscle synthesis . Quadratic responses 
were noted for % thigh meat and whole drum . Sex affected both produc-
tion and meat yield characteristics . In conclusion, low levels of SDS 
tended to improve performance and all levels of SDS increased breast 
meat yield and reduced skin weight, an indication of reduced fat levels .

Key Words: slowly digested starch, rapidly digested starch, breast meat

26   Influence of age and dietary protein source on turkey gastro-
intestinal tract development. Megan L . DeVisser*, Andrew G . Van 
Kessel, and Henry L . Classen, University of Saskatchewan, Saskatoon, 
SK, Canada.

Early nutrition in turkey poults affects gastrointestinal tract (GIT) 
development and has a lasting effect on bird performance . This study 
investigated the effect of replacing 25% of the soybean meal (SBM) in 
a SBM based starter diet with corn gluten meal (CGM), canola protein 
concentrate (CPC), fish meal (FM), or porcine meal (PM) on turkey 
GIT development . Twenty-one poults were randomly assigned to each 
of 4 replications for the 5 treatment diets . Intestinal segments and other 
tissues were sampled and weighed at hatch (H), placement (P), and d 
1, 2, 3, 5, 7, 14, and 21 (2 poults per replication per time) . Samples 
were collected from the ileum for histology, goblet cell (GC) counts, 
and gene expression (GE) of claudins (1, 5, 10), interleukins (1, 6, 8), 
and mucin (Muc2) from the SBM and PM treatment groups at H, P, 
and d 1, 3, and 7 . Data were analyzed as either 5 × 9 or 2 × 5 factorial 
arrangements (SAS 9 .3) . Planned contrasts were used to compare the 
control to the average of the remaining 4 diets, PM to the average of 
the remaining 4 diets, and the addition of animal or vegetable proteins . 
Differences were considered significant when P ≤ 0.05. Protein source 

effects on proportional tissue weights were minor, with one exception 
being pancreas weights, which were heavier in poults fed vegetable 
protein diets . With exception of the heart, all proportional tissue weights 
increased to peak values between 2 and 7 d, followed by a decrease . 
Morphology of the GIT and GE of all genes were affected only by age, 
with all parameters increasing with age . GE dramatically increased 
between P and d 1, indicating the importance of feed as an activator of 
barrier function and the immune system . GC counts revealed a greater 
proportion of neutral GC in PM fed birds, which may signify an earlier 
maturing GIT . Dietary protein source had minor effects on GIT and tissue 
size, but other measures demonstrate the importance of post-hatch feed 
access to support the initiation of growth and maturation of the GIT .

Key Words: soybean meal, canola protein concentrate, corn gluten 
meal, porcine meal, fish meal

27   Western Canadian wheat market class affects in vitro starch 
digestibility. Namalika D . Karunaratne*, Pierre Hucl, Ravindra N . 
Chibbar, Curtis J . Pozniak, Dawn A . Abbott, and Henry L . Classen, 
University of Saskatchewan, Saskatoon, SK, Canada.

Starch provides the largest portion of the energy in wheat used in 
poultry feeding, and both rate and extent of starch digestion may affect 
its nutritional value . Differences among wheat genetic backgrounds as 
represented by market class may affect starch digestion characteristics . 
In addition, market class variation is difficult to assess (with adequate 
replication) using in vivo techniques . The objective of this experiment 
was to measure the effect of wheat market class on starch digestibility 
using an in vitro model that mimics the chicken digestive tract . The 
study evaluated 18 spring wheat cultivars from 8 western Canadian 
wheat market classes [Canadian Prairie Spring (CPS - 3), Canadian 
Western Amber Durum (CWAD - 3), CW Extra Strong (CWES - 1), 
CW Hard White Spring (CWHWS - 2), CW Red Spring (CWRS - 3), 
CW Soft White Spring (CWSWS - 2), General Purpose (GP - 2), and 
spelt (2)]. Each cultivar was replicated 4 times in a field nursery grown 
at Saskatoon, SK . Samples were subjected to 30 min gastric and 240 
min small intestine (SI) phases; each sample was assayed in triplicate 
and glucose release was measured starting at 15 min of the SI phase . 
Proc Mixed in SAS and a complete randomized design were used for 
statistical analysis. Differences were considered significant when P ≤ 
0 .05, and Fisher’s LSD test was used to separate means . To estimate 
rate and extent of starch digestion, 15, 60, and 120 min into the SI phase 
were chosen to approximate digestion in the duodenum, jejunum and 
ileum . The starch digestibility range and wheat class rankings (low 
to high) for these times are as follows: 15 min: 33 .1 to 49 .1%: speltd, 
CWSWScd, CWHWScd, CPSc, CWRSc, CWESb, GPb, CWADa; 60 min: 
80 .2 to 93 .3%: CWRSe, speltd, CWHWSd, CPSd, CWSWScd, CWESbc, 
GPb, CWADa; 120 min: 92 .4 to 97 .6%: CWRSd, speltd, CWHWScd, 
GPbcd, CPSabc, CWSWSab, CWADa, CWESa . In conclusion, market 
class of western Canadian wheat affects both the rate and extent of in 
vitro starch digestibility .

Key Words: chicken, slowly digested starch, rapidly digested starch, 
wheat cultivar

28   Modeling metabolizable energy intake of broiler breeders in 
conventional and precision feeding systems. S . H . Hadinia*, P . R . O . 
Carneiro, T . Gilmet, D . R . Korver, C . Fitzsimmons, and M . J . Zuidhof, 
Department of Agricultural, Food and Nutritional Science, University 
of Alberta, Edmonton, AB, Canada.
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The aim of the present study was to evaluate efficiency of Ross 308 
broiler breeder pullets in conventional and precision feeding (PF) sys-
tems from 10 to 23 wk of age using a model describing the partitioning 
of ME intake (MEI). Efficiency was compared using residuals from the 
model (residual feed intake; RFI), defined as the difference between 
actual and expected MEI . The 2 treatments were PF and skip-a-day 
feeding (SKIP) . Ross 308 pullets (n = 630) were allocated to 14 pens 
of 45 birds (7 pens per treatment) . The PF system weighed birds and 
gave access to feed for 60 s if the BW was less than the target BW . PF 
birds could potentially receive feed at any time . The SKIP treatment 
mimicked industry feed restriction practice . Weekly MEI was partitioned 
into maintenance and growth using a linear model relating metabolic 
BW and ADG of broiler breeders . The model for 10 to 23 wk was MEI 
= A(BWb) + c(ADG) + ε. RFI (ε) was the residual error from the model 
estimates . The resulting model (P < 0 .0001) was MEI (kcal/d) = A × 
BW0 .67 (kg0 .67) + 2.38 × ADG (g/d). A was a vector of age-specific main-
tenance ME requirement coefficients. The RFI for PF and SKIP systems 
was −8.37 and 8.40 kcal/d, respectively (P = 0 .0005) . Thus, birds on the 
PF treatment were more efficient compared with the SKIP treatment. 
Birds fed every other day must store and mobilize nutrients, a process 
that is metabolically costly . Birds fed by the PF system did not eat their 
feed in big meals . They had nutrients available to be absorbed from 
the gut, and this is likely the mechanism for their increased efficiency.

Key Words: precision feeding, feed restriction, energy partitioning, 
efficiency, residual feed intake

29   Indirect calorimetry to study the dynamics of nutrient uti-
lization in broiler breeders. Justina V . Caldas*, Nirun Boonsinchai, 
Jinrong Wang, Judith A . England, and Craig N . Coon, University of 
Arkansas, Fayetteville, Arkansas.

The dynamics of nutrient utilization in broiler breeders has been 
addressed by Salas, 2011 showing glucose utilization at the beginning 
of production and fat utilization at the end of production . This study 
has opened a field to study the energy and protein utilization in broiler 
breeders . The aim of this study was to determine the dynamics of nutri-
ent utilization by calorimetry and body composition in broiler breeders . 
Twelve Cobb 500 fast feather breeders were evaluated every 3 wk from 
27 to 39 wk of age during production . At every evaluation point, the 
breeders were moved to respiratory chambers connected to an open 
flow calorimetry, placing one breeder/chamber, 1 d before evaluation 
to allow them adaptation . The same 12 breeders were scanned for body 
composition using a dual x-ray absorptiometry (DEXA) and an activity 
monitor was attached to each hen to account for activity movements . 
The statistical analysis was achieved using JMP pro 11 (SAS, 2013) . A 
complete randomized design (CRD) was used to evaluate respiratory 
exchange ratio (RER = VCO2/VO2), fat and lean body composition; when 
ANOVA was significant the means were separated by Tukey-Kramer 
test; a correlation was used to evaluate activity counts (X) and heat 
production kcal/kg0 .70 (Y). RER was significantly lower at 40 wk of age 
compared with 27 and 30, 33 and 36 wk (P < 0 .001*) meaning more 
fat is being oxidized at a later age; body fat increased with age showing 
higher values at 36 compared with 27 and 30 wk (P < 0 .002*); body 
lean decreased with age until 36 wk being lower at 36 wk compared 
with earlier ages . Activity counts/min with heat production kcal/kg0 .70 
showed high positive correlation (r = 0 .84), which will allow opportunity 
to predict the energy expenditure due to movement or activity . This study 
shows broiler breeders oxidize different nutrients depending upon age 
and production and they change their body composition along the time 
of production . Tools like calorimetry and DEXA can explain more of the 
dynamics of nutrient utilization by broiler breeders; therefore, studies 
on feed strategies could be pursued .

Key Words: breeder, calorimetry, body composition, activity

30   Impact of feed system augering on feed quality using an 
entire commercial broiler house. Robert B . Sellers*, Thomas Tabler, 
Christopher McDaniel, and Kelley G . S . Wamsley, Department of 
Poultry Science, Mississippi State University, Mississippi State, MS.

Previous research utilizing one feed line in a commercial poultry house 
demonstrated that feed quality steadily decreased and phytase segregated 
as feed was augered throughout a commercial feed system . These factors, 
including feed pan location, were found to affect broiler performance 
and uniformity . The current objective was to investigate variations in 
feed quality as an entire bin of feed is augered throughout a commercial 
feed system . A commercial broiler house was utilized with birds from 6 
to 8 wk old . Four common diets were manufactured at a commercial mill 
(average of 84% pellets), and their delivery was scheduled only when 
a feed bin was empty . Data were analyzed as a randomized complete 
block with a split-split plot design: feed lines were main plots, feed pan 
locations were split plots, and split-split plots were augering time . The 4 
feed deliveries were blocking factors, and the experimental units were 
each full bin of feed . The feed system within the broiler house had 3 
feed hoppers that fed 6 feed lines (front, middle, or back; left or right) . 
Samples were taken from 3 locations (0, 25, and 50 m) on each line . 
Feed pans used for sampling were blocked off to prevent bird access 
to feed, and samples were taken every 6 .5 h of light . Augering time (9 
total) was represented by the 6 .5 h window that feed was collected within 
sampling pans (4, 10 .5, 17, 23 .5, 30, 36 .5, 43, 49 .5, and 56 h post feed 
augering). Significance was established for the interaction of feed line 
× feed pan location (P < 0 .001) . Percent pellets at 0 m was higher for 
feed lines on the right; however, augering to 50 m resulted in a dramatic 
decrease in percent pellets, especially for the right front and back lines . 
The main effect of augering time resulted in decreased percent pellets 
for samples taken 10 .5 and 43 h post feed augering; a stepwise increase 
in percent pellets occurred for samples obtained from 43 to 56 h (P < 
0 .001) . The highest percent pellets occurred at 56 h post feed augering . 
Samples obtained from the current study will be analyzed for nutrients 
to compare with previous data demonstrating phytase segregation .

Key Words: feed quality, feed augering, broiler performance, 
commercial

31   Digestibility and viscosity of methionine rich feedstuffs 
for broilers. S . Li*1, P . H . Patterson1, R . M . Hulet1, and J . T . Lee2, 
1Department of Animal Science, Pennsylvania State University, Uni-
versity Park, PA, 2Poultry Science, Texas A&M Agrilife Research, Col-
lege Station, TX.

The objective of the current study was to determine the apparent (AD) 
and true (TD) ileal digestibility of dry matter (DM), crude protein (CP), 
crude fiber (CF), ether extract (EE) and nitrogen free extract (NFE) of 6 
methionine (Met)-rich feedstuffs, namely algae meal (AM), floury corn 
(C-F), vitreous corn (C-V), corn 614 (C-614), corn 6360 (C-6360), and 
corn 6150 (C-6150) in broilers . The CP and EE content (g kg−1 DM) 
of AM was 3-fold higher (30 .2 and 9 .08%, respectively) than the corn 
ingredients averaging 8 .29 and 2 .39% . A total of 210 day-old female 
Cobb 500 broiler chicks were randomly divided into 7 treatment diets 
with 6 replicate battery cages per treatment (5 birds/replicates) . Each 
of the 6 ingredients were evaluated as the sole source of dietary protein 
and the protein-free (PF) diet was used to determine the endogenous 
nitrogen losses from the birds and subsequent calculation of TD of CP . 
Commercial starter and grower diets were fed ad libitum to chickens 
from 0 to 21 d and 21–28 d, respectively . Birds were transitioned to the 
treatment diets from 29 to 30 d, and fed 100% treatment diets from 31 
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to 35 d . Body weight and feed intake were measured with cage as the 
experimental unit weekly and at 35 d all birds were euthanized . The 
ileum digesta was collected, freeze-dried, and analyzed for DM, CP, 
CF, EE, NEF and acid insoluble ash concentrations . Jejunum digesta 
was collected from 3 randomly selected birds from each replicate and 
pooled for the jejunum viscosity measurement with a digital viscometer . 
The data were analyzed as a one-way ANOVA with Tukey’s test for 
means comparison with a P ≤ 0.05 level deemed statistically significant. 
Birds fed the PF and AM diets had significantly reduced 28–35 d body 
weight gain (BWG) compared with corn treatments . Birds fed the AM 
had significantly greater jejunum digesta viscosity 1.07 centipoises (P 
> 0 .05) compared with birds fed the PF or corn diets (mean = 0 .71) .
These data indicate some challenges with AM as a potential Met-rich 
ingredient for broiler chickens .

Key Words: methionine, digestibility, viscosity, broiler

32   Use of sorghum and field peas to replace corn and soy-
bean meal in diets for heritage chicken breeds. Tatijana Fisher*1, 
Anthony Pescatore1, Jacquie Jacob1, Austin Cantor1, Mike Ford1, and 
Tuoying Ao2, 1University of Kentucky, Lexington, KY, 2Alltech Inc., 
Nicholasville, KY.

This study evaluated the use of sorghum and field peas as replacements 
for corn and soybean meal in diets for 2 heritage breeds: Rhode Island 
Red (RIR) and Barred Plymouth Rock (BPR) . A 2 × 5 factorial arrange-
ment of breeds and dietary treatments was used with the following 
diets: (1) a CSM-based control, (2) 100% of corn and 20% of soybean 
meal in CSM diet replaced with sorghum (SSM), (3) SSM diet with a 
dietary enzyme complex (Allzyme SSF, Alltech Inc .) added (SSM+), (4) 
complete replacement of CSM with a 2:1 ratio of field peas to sorghum 
(SFP), and (5) SFP diet with Allzyme SSF added (SFP+) . Replacement 
of soy limited dietary protein levels; therefore, CSM contained 20% 
CP, SSM/SSM+ contained 18 .5% CP, and SFP/SFP+ contained 15 .3% 
CP . Three replicate groups of 11 straight-run chicks per treatment were 
housed in floor pens at 0.2 m2/bird . Diets and water were provided on 
an ad libitum basis . Body weight and feed intake were monitored until 
birds were processed at 98 d . Before analysis, all values were corrected 
for the ratio of males:females in the pen . At processing, RIR birds were 
heavier than BPR birds (1,775 vs 1,668 g, P < 0 .01) and a breed × diet 
interaction was noted – RIR birds fed SSM diets were heavier (P < 0 .05) 
than BPR birds fed those same diets . However, ADFI (70 .5 g/bird/d) and 
feed:gain (4 .2 g feed/g gain) were similar between the breeds . To account 
for differences in diet composition, dietary effects were analyzed on a 
nutrient intake to gain basis . Feed:gain for birds fed CSM, SSM, and 
SSM+ (3.8 g feed/g gain) was significantly (P < 0 .01) better than for 

birds fed SFP or SFP+ (4 .7 g feed/g gain) . A similar pattern was observed 
for energy intake to gain. No significant differences were observed for 
protein intake to gain, but birds fed SSM diets consumed less methionine 
than birds on other diets . In conclusion, total replacement of CSM with 
sorghum and field peas reduced bird performance. However, sorghum 
replaced corn and partially replaced soy without detrimental effects for 
one of the breeds . This breed interaction indicates a possible difference 
in dietary requirements between breeds .

Key Words: heritage breeds, sorghum, field peas

33   Interactive effects of aflatoxin B1 and dietary protein con-
centration on performance and health in broiler chicks. Xi Chen*1, 
Karen Näehrer2, and Todd J . Applegate1, 1Purdue University, West 
Lafayette, IN, 2Biomin Research Center, Tulln, Austria.

A 20-d trial was conducted to determine the effect of aflatoxin B1 (AFB1) 
and dietary protein concentration on performance, serum biochemistry, 
and intestinal barrier characteristics in broiler chicks . The 6 dietary 
treatments were arranged in a 2 × 3 factorial with 3 crude protein (CP) 
concentrations (16, 21, and 25% on an analyzed basis) with or without 
1 .5 mg/kg AFB1 (2 .5 mg/kg analyzed) . Each diet was fed to 6 replicate 
cages (6 chicks per cage) from 0 to 20 d of age . Results showed that 
AFB1 reduced BW gain, feed intake, gain:feed ratio, and breast muscle 
weight by 7 to 15% (main effect P ≤ 0.0016), which were all improved by 
increasing dietary CP (main effect, P ≤ 0.01). Performance reduction by 
AFB1 was most profound in birds fed low dietary CP, and was completely 
eliminated when fed high dietary CP (interaction P ≤ 0.023). Similarly, 
AFB1 reduced serum albumin, total protein, globulin, and calcium (P 
≤ 0.0031); higher CP concentration improved serum concentration of 
these measures (main effect P ≤ 0.03), and the extent of impairment 
by AFB1 was reduced with increasing CP (interaction P ≤ 0.0097). No 
significant interaction of AFB1 and CP concentration was observed for 
jejunal mRNA expression of the target of rapamycin (TOR) pathway 
or claudin family, while AFB1 increased the translation initiation factor 
4E-binding protein (4EBP1) and claudin1 mRNA expression (P ≤ 
0 .0361) . Additionally, gut permeability was increased in birds fed AFB1-
contamiated diets as measured by serum lactulose/rhamnose ratio (main 
effect P = 0 .04) . Results from this study indicate that 1 .5 mg AFB1/kg 
diet can significantly impair growth, breast muscle yield, gut barrier, 
and major serum biochemistry measures; higher dietary CP is able to 
completely eliminate the performance impairment from aflatoxicosis, 
but the intestinal responses measured herein were independent of CP 
status in broiler chicks from hatch to 20 d .

Key Words: aflatoxin B1, crude protein, broiler, performance, interaction



13Poult . Sci . 94 (E-Suppl . 1)

Student Competition: Microbiology and Food Safety

34   Reduction of loosely and tightly associated bacteria on 
broiler skin using combination of trisodium phosphate and hot 
water dip with or without brushing. Pranjal Singh*1, Hong C . Lee1, 
Thanikarn Sansawat1, Mariane Silva1, Koo B . Chin2, and Ike Kang1, 
1Michigan State University, East Lansing, MI, 2Chonnam National 
University, Gwangju, Korea.

The goal of this study was to evaluate the combined effects of trisodium 
phosphate (TSP) and hot water dip (HWD), with or without brushing 
(B), on bacteria reduction of broiler carcass skin . For each of 3 replica-
tions, 5 broiler carcasses were taken from a local processing plant and 
immediately subjected to 1 of 4 treatments: (1) Control: 2 times of tap 
water dip (TWD) at 25°C for 45 s/each; (2) Control-B: TWD carcasses 
with brushing (9 s on/3 s off for 4 times) during the second dipping; (3) 
TSP-HWD: 8% TSP + HWD at 71°C for 45 s/each; (4) TSP-HWD-B: 
TSP-HWD carcasses with brushing as before . After the treatments, 25 g 
of breast skin was excised from each carcass and stomached and ground 
for the analysis of loosely- and tightly-associated bacteria, respectively . 
The loosely associated total plate count (TPC) on breast skin signifi-
cantly decreased from 3 .3 in the control to 2 .1 in the TSP-HWD, and to 
1 .63 log cfu/g in the TSP-HWD-B (P < 0.05), with a significant brush 
effect seen for the combination of TSP-HWD . The tightly associated 
TPC significantly reduced from 4.0 in the control to 2.6 log cfu/g in 
the TSP-HWD (P < 0 .05), with no brushing effect . The populations of 
Escherichia coli and coliform significantly decreased from 1.1–1.6 in 
the control to 0 .7 log cfu/g in the TSP-HWD (P < 0 .05), with no brush-
ing effect regardless of bacteria association type . The prevalence of the 
Salmonella was sharply reduced from 73 – 80% in the control to 20% 
in the TSP-HWD-B, regardless of bacteria association type (P < 0 .05) . 
In general, the combination of TSP and HWD significantly lowered 
bacteria populations on broiler skin compared with the tap water con-
trol, regardless of brushing application except for the loosely associated 
TPC in TSP-HWD-B where brushing effect was significant (P < 0 .05) .

Key Words: brushing, hot water dip, trisodium phosphate, broiler 
carcass skin, bacteria decontamination

35   Application of selected bacteriophages to control Salmonella 
in mechanically separated chicken. B . D . Mahaffey*, L . E . Graham, 
K . D . Teague, A . D . Wolfenden, J . C . Bielke, B . M . Hargis, and L . R . 
Bielke, Department of Poultry Science, University of Arkansas, Fay-
etteville, AR.

Mechanically separated chicken (MSC) is a particularly important 
source of Salmonella because of multisource batching practices, thus 
intervention strategies for controlling contamination are imperative . In 
these experiments, wild-type Salmonella (WTS) was isolated from MSC 
and used for selection of bacteriophages to treat MSC . Assays consist-
ing of 5 g MSC, WTS, and selected bacteriophages were conducted to 
determine if bacteriophages could decontaminate MSC . Salmonella were 
detected following USDA FSIS Laboratory Guidebook protocol, with 
slight modifications, in which samples were pre-enriched in buffered 
peptone water, followed by enrichment in TT broth and RV R10 broth, 
and plating on XLT4 agar . In Exp 1, 4 bacteriophage isolates, at con-
centrations between 2 × 108 and 7 .5 × 108 PFU/mL, were individually 
added to MSC containing WTS . After enrichment, 80% of untreated 
control samples were positive, and only one bacteriophage isolate 
significantly (P < 0 .05) reduced incidence of WTS to 20%, which was 
applied at the highest concentration. This lack of efficacy was perhaps 
due to low bacteriophage levels, thus for Exp . 2, bacteriophages were 

again separately applied to WTS contaminated MSC at concentrations 
ranging from 1 × 108 to 3 .8 × 108 PFU . Recovery of WTS in controls was 
70% with a significant reduction in 3 of 4 isolates at rates of 20%, 20%, 
and 0%, and a recovery of 50% in the fourth bacteriophage isolate . Bac-
teriophages were combined in multiple variations for Exp . 3 to improve 
WTS reductions . Combinations were either all 4 isolates combined, or 2 
bacteriophages paired for 3 additional test groups . Incidence of WTS in 
the control group was only 40%, and no (0%, P < 0 .05) Salmonella was 
recovered in bacteriophage-treated MSC . These experiments suggest 
that bacteriophages, if selected for the specific Salmonella contaminant, 
may be a good option for controlling incidence in MSC .

Key Words: mechanically separated chicken, Salmonella, bacteriophages

36   Antimicrobial potential of Propionibacterium freudenreichii 
against Salmonella Heidelberg and Salmonella Enteritidis. Divek 
V . T . Nair*, Jennifer Hagen, Claire Peichel, Soren Hallberg, Alexandra 
Bakken, and Anup Kollanoor Johny, University of Minnesota, Saint 
Paul, MN.

Salmonella Enteritidis (SE) and Salmonella Heidelberg (SH) are 2 
major bacterial pathogens that cause foodborne illness in the United 
States . Turkeys can harbor SE and SH in their ceca without showing 
any obvious clinical signs and may result in carcass contamination 
during slaughter . Because humans may contract infection by consuming 
contaminated turkey products, control measures to reduce or inactivate 
SE and SH in turkeys are required . Probiotics have been investigated 
to control several foodborne pathogens, including Salmonella . In this 
study, we investigated the efficacy of a GRAS status probiotic bacterium, 
Propionibacterium freudenreichii N3523 (hereafter PF) against SE and 
SH in coculture and sterile turkey cecal contents . Studies in coculture 
and cecal contents have been used for determining the potential of 
antimicrobials against pathogens before successful in vivo investiga-
tions. Efficacy of PF against SE and SH was determined separately in 
coculture medium [1:1 ratio of de Man Rogosa Sharpe (MRS for PF 
growth) and Tryptic Soy Broth (TSB for SE/SH growth)] using micro 
and macro broth dilution assays at 37°C . SH or SE at 105 cfu/mL was 
tested against different levels of PF (105 – 109 cfu/mL) for obtaining 
effective coculture combinations . Then, the most effective inoculation 
level of PF (109 cfu/mL) was tested against SH and SE at 105 cfu/mL 
in sterile cecal contents at 37°C . Appropriate controls were included . 
The efficacy of PF was tested against each Salmonella serotype in dupli-
cate, and the experiment was repeated 3 times (n = 6) . PF completely 
inactivated (~8 .0 log10cfu/mL) SH and SE after 24 h of incubation in 
coculture and resulted in 3 .5 log10cfu/mL reduction of both serotypes 
in sterile turkey cecal contents, compared with the controls after 24 h 
of incubation at 37°C (P < 0 .05) . The results indicate that PF could be 
used to control SE and SH in turkeys . Follow up in vivo studies are 
necessary to validate the results .

Key Words: Salmonella, Propionibacterium freudenreichii, probiotic, 
cecal contents, turkey

37   Efficacy of commercial antimicrobials in reduction of Sal-
monella in ground chicken frames. Alisha Moore*, Janak Dhakal, 
Anuraj Sukumaran, Amanda Ates, and Chander Sharma, Mississippi 
State University, Mississippi State, MS.

Mechanically separated chicken (MSC) has been associated with high 
levels of Salmonella contamination . This study was conducted to 
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examine the efficacy of peracetic acid (PAA), cetylpyridinium chloride 
(CPC) and sodium hypochlorite (NaOCl) in reducing Salmonella in 
ground chicken frames simulating a product similar to MSC . Fresh 
chicken frames obtained from a commercial poultry processor were 
treated with PAA (0 .1%), CPC (0 .4%), and NaOCl (0 .005%) by dipping 
the individual frames in treatment solutions for 10 s . Chicken frames 
dipped in distilled water were used as untreated control samples . Each 
treatment was replicated on 10 different frames . All chicken frame 
samples were ground in blender to obtain a product similar to MSC . Each 
ground sample weighing (325 ± 32 .5 g) was analyzed for the presence 
of Salmonella by the conventional culture method recommended by 
the USDA-FSIS . All Salmonella presumptive isolates were confirmed 
with PCR amplification of the invA gene . Two out of 10 (20%) control 
samples were found to be positive for Salmonella . None of the samples 
treated with PAA were positive for Salmonella whereas 10% (1/10) and 
16 .7% (1/6) of the samples treated with CPC and chlorine were positive 
for Salmonella, respectively. There was no significant difference for 
Salmonella prevalence in control or treated samples (P > 0 .05) . Because 
the natural contamination of Salmonella was low in controls, additional 
trials are undergoing to validate the efficacy of these antimicrobials in 
reducing Salmonella in MSC . We are also investigating the effectiveness 
of commonly used antimicrobials during poultry processing in reducing 
Salmonella contamination in MSC with Salmonella challenge studies . 
The findings from this work could provide useful information to the 
poultry processing industry for reducing Salmonella in MSC .

Key Words: Salmonella, mechanically separated chicken, peracetic 
acid, cetylpyridinium chloride, sodium hypochlorite

38   Effects of dietary gossypol cottonseed meal on egg yolk 
discoloration and the residue of total gossypol in eggs. Bin He*, 
Xuemei Ding, Shiping Bai, Jianping Wang, Yuheng Luo, and Keying 
Zhang, Key Laboratory for Animal Disease-Resistance Nutrition of 
China Ministry of Education, Yaan, Sichuan, China.

This experiment was conducted to study the effects of dietary cotton-
seed meal on egg yolk discoloration and the residue of total gossypol 
in eggs of laying hens . A single factor design was used with 6 dietary 
cottonseed meal levels to substitute for soybean meal: 0, 1 .2, 2 .4, 4 .8, 
9 .6, and 11 .9% . The corresponding free gossypol concentrations in these 
6 diets were 0, 8 .5, 17 .7, 32 .7, 60 .1, and 79 mg/kg, while total gossypol 
concentrations were 0, 81 .3, 145 .8, 280, 630 .6, and 748 .6 mg/kg . A total 
of 900 34-wk-old laying hens were allocated randomly to 6 treatments 
with 10 pens per treatment and 15 laying hens per pen . The results 
were as follows: (1) Free gossypol was not detected in eggs, while the 
concentrations of total gossypol in eggs (0–28 .92 µg/g) increased with 
the dietary gossypol content and feeding time . The regression equation 
for total gossypol residues in eggs was: Y1 = 0 .031X1 + 0 .06X2 − 2.214; 
R2 = 0 .945, P < 0 .0001 (Y1 = total gossypol content in egg, X1 = total 
gossypol content in diet, X2 = feeding days . (2) Yolk color scores and 
OBJ (objectionable) percentages increased with increases in dietary 
cottonseed meal level, feeding time, and egg storage time at 4°C . In 
conclusion, dietary gossypol exerted time-dose effects on the residue of 
total gossypol in eggs and yolk discoloration at 4°C storage .

Key Words: gossypol, egg, yolk discoloration
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39   Investigating differential gene and protein expression to 
understand the cellular basis of feed efficiency in broilers. K . Las-
siter*1, B-W . Kong1, S . Dridi1, N . Hudson2, and W . Bottje1, 1Depart-
ment of Poultry Science, University of Arkansas, Fayetteville, AR, 
2CSIRO, Agriculture Flagship, St. Lucia, Australia.

Feed efficiency (FE) is an important genetic selection trait in the 
breeding of commercial poultry, because the majority of the cost of 
raising birds to market weight is associated with feed . Previous studies 
investigating global gene and protein expression in the breast muscle 
of commercial broilers (i .e ., cDNA microarray and shotgun proteomics) 
revealed several target molecules that may play a role in variations of 
muscle development and/or bioenergetics and therefore indirectly effect 
the phenotypic expression of feed efficiency. Therefore, the purpose of 
this study was to focus on expression of AMPK (AMP-activated protein 
kinase), heat shock protein 70 (HSP70) and myogenin in breast muscle 
obtained from broilers exhibiting high and low FE . Breast muscle was 
obtained from a previous study from 6 high and low FE broilers with 
FE of 0.65 and 0.46, respectively. The results indicate that AMPKα1 
subunit, AMPKα2 subunit, HSP70, and myogenin expression were 
all significantly higher (P ≤ 0.05) in high FE breast muscle. AMPK is 
known to be a “master switch” in cellular metabolism, regulating path-
ways such as glucose uptake, mitochondrial biogenesis, and oxidation 
of fatty acids . HSP70 functions in protecting the cell from oxidative 
and thermal stress, as well as ensuring proper protein folding . The tran-
scription factor myogenin is important in the development of skeletal 
muscle (myogenesis) . The results provide further information regarding 
underlying cellular mechanisms associated with the phenotypic expres-
sion of feed efficiency. Supported by USDA-NIFA: Molecular signatures 
and mechanistic modeling for improving feed efficiency in broilers.

Key Words: feed efficiency, broiler, AMPK, HSP70, myogenin

40   Expression of feeding-related hypothalamic neuropeptides 
in male and female quail selected for high and low feed efficiency. 
K . Blankenship*1, A . Gilley1, E . Greene1, N . Anthony1, B . Kong1, N . 
Hudson2, W . Bottje1, and S . Dridi1, 1Department of Poultry Science, 
University of Arkansas, Fayetteville, AR, 2CSIRO, Agriculture Flag-
ship, St. Lucia, Australia.

The major goal of this study was to determine the expression of 2 hypo-
thalamic neuropeptides (pro-opiomelanocortin, POMC and neuropeptide 
Y, NPY) and a downstream target (signal transducer and activator of 
transcription 3, STAT3) in male and female Japanese Quail individually 
phenotyped for high or low feed efficiency (FE). In this study, a line of 
quail (both males and females) that has been heavily selected for body 
weight gain, is now being selected for FE . In the second generation 
of selection (determined by obtaining feed intake and weight gain on 
individual quail), FE (gain/feed) were different (P < 0 .05) in male and 
females; FE values were 0 .49 and 0 .41 for high and low FE males, and 
0 .45 and 0 .35 for high and low FE females, respectively (SE = 0 .01 
for all groups) . Higher FE in males was achieved by greater weight 
gain while consuming the same amount of feed . In contrast, higher 
FE in females was achieved by consuming less feed but gaining the 
same amount over the phenotyping test period . After phenotyping, 
total brain tissue was obtained from high and low FE male and female 
quail (n = 8/group) following cervical dislocation, and flash frozen in 
liquid nitrogen . Real time quantitative PCR analyses revealed that the 
expression of POMC, NPY, and STAT3 exhibited both sex-and genotype-
dependent relationships . Indeed, NPY (which stimulates appetite) gene 

expression was higher in the female quail compared with the males (P = 
0 .0016) . STAT3 was upregulated in the low FE quail (P = 0 .0035) and 
upregulated in the male quail compared with the females (P = 0 .0266) . 
Interestingly, POMC (which inhibits appetite) gene expression was 
higher in the low FE males whereas POMC was higher in the high FE 
females . Protein expression analysis by Western blot of POMC was 
similar to that obtained by PCR analysis . The results of these studies 
provide insight into effects that neuropeptide expression may have on 
feed intake and relationships with feed efficiency. Supported by USDA-
NIFA: Molecular signatures and mechanistic modeling for improving 
feed efficiency in broilers.

Key Words: feed efficiency, quail, hypothalamic neuropeptides, pro-
opiomelanocortin, neuropeptide Y

41   Role of autophagy and its effect on feed efficiency in com-
mercial poultry. Alissa L . Piekarski*, Walter G . Bottje, Byung-Whi 
Kong, and Sami Dridi, University of Arkansas, Fayetteville, AR.

Studies in our lab have indicated that there is a pervasive oxidative 
stress in broiler (meat-type) chickens exhibiting a low feed efficiency 
(LFE) phenotype compared with their high FE (HFE) counterparts . 
With increased protein oxidation, it is reasonable to hypothesize that 
the autophagy pathway, cellular self-digestion, would be upregulated 
in the low compared with the high FE phenotype broilers . Autophagy 
is a lysosomal degradation pathway that is conserved from yeast to 
humans and plays a key role in recycling cellular constituents, including 
damaged organelles . Through this pro-survival mechanism, removal 
and reuse of damaged material allows the cell to persist by using the 
recycled constituents to produce energy when energy sources are scarce 
rather than using energy to kill the cell through apoptosis . In our studies, 
pectoralis major (breast muscle) tissue was obtained from high and low 
FE broilers (n = 6 per group, phenotyped for FE from 6 to 7 wk of age) . 
Gene and protein expression were assessed by qPCR and Western blot 
analysis, respectively . Initial results indicate that 5 autophagy-related 
genes (Atg 7, 10, 12, 4a, and 16L1) were upregulated in breast muscle 
tissue of HFE compared with LFE phenotype . These results are contrary 
to our initial hypothesis and suggest that increased autophagy may play 
an as yet undocumented role in contributing to greater feed efficiency 
in broilers . Possibly, increased autophagy results in a greater ability of 
cells to eliminate damaged proteins that helps maintain optimal activity 
and, in so doing, contributes to greater overall cellular efficiency and 
greater feed efficiency in animals. The implications of these findings 
could be very important in delineating fundamental mechanisms of feed 
efficiency at the cellular level.

Key Words: autophagy, poultry, stress, high feed efficiency, low feed 
efficiency

42   Suppressive effect of food deprivation on gene expression 
of corticotropin releasing hormone and arginine vasotocin in two 
brain regions associated with stress in chickens. Gurueswar Nagara-
jan*, Seong W . Kang, and Wayne J . Kuenzel, University of Arkansas, 
Fayetteville, AR.

It is well known that corticotropin releasing hormone (CRH) and arginine 
vasotocin (AVT) in the paraventricular nucleus (PVN) of the hypothala-
mus play an important role in the neuroendocrine stress response of both 
mammals and birds . Our previous study indicated that the nucleus of 
hippocampal commissure (nHpC) in the septum, containing CRH neu-
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rons, may also play a critical role in the classical stress pathway . The 
objective of this study was to determine the changes in gene expression 
of CRH and/or AVT following nutritional stress in both the PVN and 
the nHpC . Broiler chicks were raised from hatch on food and water ad 
libitum and were randomly distributed into 2 pens (n = 20/pen), at 3 wk 
of age . On d 37, birds in one pen were food deprived for 24 h and controls 
in the other pen were provided with food ad libitum . After 24 h, blood 
and frozen brain samples were collected . Blood plasma from each bird 
was used to measure corticosterone (CORT) by RIA . A 3-fold increase 
in CORT was observed in the food-deprived birds compared with the 
controls . The nHpC and the PVN were micro punched from frozen sec-
tions of each brain sample . Using quantitative real-time RT-PCR, relative 
mRNA expression levels were measured between the controls and the 
food-deprived birds . In the food-deprived birds, CRH mRNA expression 
was significantly decreased by 40% in the nHpC (P < 0 .0001), however, 
expression levels of CRH remain unchanged in the PVN (P > 0 .05) . In 
contrast, a 20% decrease in AVT mRNA was observed in the PVN (P < 
0 .0001) . The results of this study suggest that gene expression of CRH 
in the nHpC and AVT in the PVN are suppressed under food-deprived 
condition, possibly through a feedback mechanism to prevent further 
augmentation of glucocorticoids . Thus, long-term nutritional challenge 
has an inhibitory effect on stress neurohormones in the PVN and the 
nHpC . This study was supported in part by NSF grant #IOS-0842937 .

Key Words: stress, nucleus of hippocampal commissure, paraventricular 
nucleus, corticosterone

43   Immunolesions of melanopsin receptive neurons in the adult 
Pekin drake attenuates the hormonal reproductive axis. Erin L . 
Alenciks*, Kelly Frazier, Amanda L . Porter, and Gregory S . Fraley, 
Hope College, Holland, MI.

Several light sensitive receptors have been described in the avian brain 
that regulate the reproductive axis independently from the eyes and 
pineal gland . Recently, our lab has described the presence of 3 of these 
photoneuroendocrine systems in the Pekin duck: opsin, opsin 5, and 
melanopsin . We set out to test the hypothesis that melanopsin recep-
tive neurons are necessary to maintain seasonal reproductive status in 
the Pekin drake . To accomplish this, 50-week-old Pekin drakes were 
housed in the aviary at Hope College under long day length (18 h lights 
on) conditions in floor pens (5 drakes per pen). Three microliters of an 
anti-melanopsin-saporin conjugate (MSAP, 100 ng/ul) were injected 
into the lateral ventricle (n = 10) stereotaxically . Control drakes were 
injected with 3 mL of equimolar concentrations of an unconjugated 
anti-melanopsin and saporin (SAP, n = 10) . The incision was closed 
with VetBond, and the drakes returned to the aviary after complete 
recovery from anesthesia . Drakes were removed from their home pen 
each week and placed into a test pen with reproductively active hens 
for analyses of reproductive behaviors . After 4 wk, birds were eutha-
nized (400 mg/kg FatalPlus, IP) and body weight measured, and brains, 
pituitaries, and testes collected and stored for analyses . Behavior data 

were analyzed by Chi Square and all other data using a paired t-test . 
MSAP-treated drakes showed a significant reduction in reproductive 
behaviors beginning 2 weeks after injection compared with controls . 
MSAP-treated drakes had significantly (P < 0 .001) reduced relative 
teste weights compared with SAP controls . qRT-PCR analyses (n = 5 
per treatment) of anterior pituitary showed a significant reduction (P < 
0.001) in both LH-β and FSH mRNA’s. Immunocytochemical analyses 
(n = 5 per treatment) showed a significant reduction in melanopsin and 
GnRH-immunoreactivities . These data underscore the importance of 
the photoneuroendocrine system in maintaining the reproductive axis 
in seasonally breeding birds .

Key Words: deep encephalic photoreceptors, male sex behavior, 
gonadal regression

44   Age-related changes in properties of the tibia and humerus 
of Lohmann White Leghorns housed in different commercial sys-
tems. Prafulla Regmi*1, Nathan Nelson1, Roger C . Haut1, Michael W . 
Orth2, and Darrin M . Karcher1, 1Michigan State University, East Lan-
sing, MI, 2Texas Tech University, Lubbock, TX.

This study aimed at analyzing age-related changes in bone properties 
of Lohmann White Leghorns in different commercial housing systems . 
Pullets reared in conventional cages (CC) were continued in CC or 
moved to enriched colony cages (EN) at 19 wk, whereas those reared 
in cage-free aviary (AV) were moved to AV hen houses . Bone samples 
were collected from 60 hens at 18 and 72 wk age and 30 hens at 26 
and 56 wk age from each housing system . Volumetric density of right 
tibiae and humeri were measured at 0 .625 mm thick slice using CT 
scans . Contralateral tibiae and humeri were broken in pure bending to 
analyze mechanical properties . Cortical geometry was analyzed using 
digital calipers at the fracture site . AV pullets had 41% greater humeri 
cortical area and 19% greater tibial cortical area than CC pullets (P < 
0 .05) . Average diameter of humeri was also greater in AV pullets than 
CC pullets (P < 0 .05) whereas the outer dimensions of tibia were simi-
lar . Humeri and tibiae of AV pullets had greater stiffness (31% and 7% 
respectively) with greater second moment of inertia (I) (humeri: 45 .4 
mm4 vs . 31 .72 mm4; Tibia: 63 .45 mm4 vs . 56 .12 mm4) than CC pullets 
(P < 0 .05) . The geometrical and biomechanical differences between 
bones of AV and CC hens persisted throughout the laying cycle . Moving 
CC pullets to EN resulted in decreased endosteal resorption in humeri 
evident by 7 .5% greater cortical area of EN hens (P < 0 .05) . Stiffness 
and yield moment increased with age in both tibiae and humeri while 
energy to failure and I decreased . Average density was maximum at 26 
weeks and then decreased with age (P < 0 .05) . These results indicate 
that tibiae and humeri of laying hens become stiffer but loose toughness 
and become brittle with age . Furthermore, AV and EN system can bring 
positive changes in mechanical and structural properties that are more 
pronounced in humeri than tibia .

Key Words: White Leghorn, humeri, tibia, mechanical properties, 
cortical density
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45   Proteomic analysis of chicken eggshell membranes. Sarbjeet 
Makkar*1,2, Narayan Rath1, Rohana Liyange3, and Jackson O . Lay3, 
1USDA/ARS, Fayetteville AR, 2Department of Poultry Science, Uni-
versity of Arkansas, Fayetteville, AR, 3Department of Chemistry and 
Biochemistry, University of Arkansas, Fayetteville, AR.

Egg shell byproducts are potentially valuable in different agricultural and 
biological applications . We recently found eggshell membranes (ESM) 
having immunomodulatory and anti-stress effect when provided as feed 
supplements to post hatch chicks . This led us to inquire about the protein 
constituents of these membranes, which was the objective of this study . The 
membranes were harvested from fresh unfertilized eggs, extracted with acidic 
methanol and a guanidine hydrochloride buffer pH 5 .8 . The soluble extracts 
were dialyzed with 1 kDa membrane followed by reduction, alkylation, and 
trypsin digestion followed by LC-MS/MS. We identified more than 300 
proteins using NCBI Gallus database search . Most abundant among them 
are ovotransferin, ovodefensins, lysozyme, clusterin, gallin, and titin . The 
functional annotation by DAVID bioinformatics categorizes these proteins 
mainly into cytoskeletal, structural, signal transduction, and defense proteins . 
These membranes are highly enriched with bioactive molecules, which pro-
vides chemical defense to the growing embryo . The proteomic analysis of the 
biochemical milieu of ESM will provide insights into its functional role in the 
growth and survival of the embryo and can add value to these byproducts . 
Because of the presence of proteins and peptides which are mainly rich in 
cysteine, ESM can have therapeutic and nutraceutical applications as well .

Key Words: eggshell membrane, protein, feed supplement

46   Multi-generational genome wide association studies identify 
sex-specific chromosomal regions associated with ascites pheno-
type. Katy J . Tarrant*, Nicholas B . Anthony, and Douglas D . Rhoads, 
University of Arkansas, Fayetteville, AR.

We have identified regions on chromosome 2 and Z that are likely associ-
ated with ascites phenotype in an experimental broiler line . Ascites, a form 
of pulmonary arteriole hypertension, is a collection of adverse changes in 
a broiler chicken including high venous pressure, accumulation of fluids 
in the body cavity, and cardiac hypertrophy, resulting from the reduced 
ability for oxygen to be supplied to the organs . These events result in 
either processing plant condemnation or death from heart and lung failure . 
Losses to the poultry industry are estimated at $10–100 million/year . 
We performed multi-generational genome wide association studies to 
identify chromosomal regions associated with ascites using the hypobaric 
challenge in a relaxed-selection line . This line is from a pedigreed elite 
broiler line representative of 1995 . The genome wide association studies 
applied a 60k SNP panel on this line 2 generations apart . After quality 
control filters were applied a total of 37,118 SNPs were evaluated. The 
calculated 1−logP (chi-squared values) were then plotted for a sliding 
window average of 9 successive SNPs to identify chromosomal position 
greater than 2.5 for 1−logP (P ≤ 0.0316). Our analyses identified specific 
genotypes for a region on chromosome 2 associated with the resistant phe-
notype, and for a region on chromosome Z associated with susceptibility .

Key Words: ascites, broilers, GWAS, heart, chromosome

47   Comparative transcriptome analyses of ileal samples from 
broilers exposed to acute heat stress and supplemented with 
dietary Actigen. Shelly J . Nolin*, Christopher M . Ashwell, and Frank 
W . Edens, North Carolina State University, Raleigh, NC.

Heat stress is a well-known cause of reduced performance in commercial 
poultry and results in significant economic losses to the industry. Manage-
ment has been the most common method to mitigate damage due to heat 

exposure, but alterations in diet have also shown some promise . Actigen 
(Alltech, Nicholasville, KY), a second-generation mannan oligosaccha-
ride, is a prebiotic commonly fed to promote general gut health, and infor-
mal communications with producers have reported that birds fed Actigen 
fare better in hot conditions . To better understand the effects of Actigen, 
the objective of this experiment was to analyze and compare changes 
in gene expression associated with dietary supplementation of Actigen 
under heat stress and non-heat stress conditions using RNA sequencing 
technology. Starter, grower and finisher diets were prepared as control (C) 
and a portion of each batch was supplemented with Actigen at 800, 400, 
or 200 g/ton respectively to make the experimental diets (A) . Day-old 
broiler chicks were placed and managed in floor pens, and fed either diets 
A or C throughout the experiment . At 42 d of age 6 birds from each diet 
group were placed at either 41°C for 60 min to induce acute heat stress or 
held at ambient temperature . Birds were then euthanized and ileal samples 
collected for RNA isolation, followed by transcriptome sequencing, and 
analysis using Bowtie, Tophat, and Cufflink and CuffDiff for differential 
gene expression (P < 0 .05) . In addition to expected differences observed 
in gene expression as a result of heat stress, the inclusion of Actigen in the 
diet resulted in significant differences in expression as compared with the 
control diet . In heat stress conditions, birds fed Actigen exhibited decreased 
expression of genes involved in immune and inflammatory response and 
increased expression of nutrient transporters . Results of this experiment 
offer insight into molecular mechanisms responsible for Actigen’s influ-
ence in the gut and merit further investigation to its use in ameliorating 
detrimental effects of heat exposure in commercial poultry systems .

Key Words: heat stress, Actigen, transcriptome, RNASeq, ileum

48   Characterization and tissue distribution of HSPA9/mortalin 
in avian species: Effect of sex, genotype, and environmental stress. 
Phuong H . Nguyen*1, Elizabeth Greene1, Geraldine Huff2, Alissa Piek-
arski1, Annie Donoghue2, Nicholas Anthony1, Walter Bottje1, and Sami 
Dridi1, 1Center of Excellence for Poultry Science, University of Arkan-
sas, Fayetteville, AR, 2USDA, Agricultural Research Service, Poultry 
Production and Product Safety Research Unit, Fayetteville, AR.

Heat shock protein 9 (HSPA9)/mortalin is a multipotent chaperone regulating 
cellular processes ranging from stress response to energy homeostasis . It has 
been widely studied in mammals however there is a paucity of information 
in avian species . This study aimed to characterize HSPA9 gene and to deter-
mine its regulation by sex, genotype, heat and cold stress in chicken (Gallus 
gallus) and 2 Japanese quail lines (Coturnix coturnix japonica) susceptible 
(S) or resistant (R) to restraint stress . Using PCR, we found that HSPA9 is 
ubiquitously expressed in tissues of both chicken and quail . In chicken, a 
high amount of HSPA9 was found in the intestine, heart, leg muscle, brain, 
liver, and kidney and lowest amount in the adipose tissue with no difference 
in expression between male and female . The quail displayed high HSPA9 
mRNA levels in kidney, testis, heart, intestine, and liver . Interestingly, the 
HSPA9 mRNA level in testis of the S line is significantly higher than that of 
the R line . Importantly, in thermoneutral (TN) condition, S line quail liver 
only had a half of HSPA9 mRNA level compared with R line, but the heat 
stress significantly upregulated its mRNA level in the S line. Hepatic HSPA9 
protein expression also shows a similar pattern . In muscle, heat stress tended 
to downregulate HSPA9 mRNA level in R line (P = 0 .06) . There was no 
difference in HSPA9 gene and protein expression in brain between 2 quail 
lines under TN and heat stress conditions . Moreover, there was no difference 
in HSPA9 mRNA levels in brain, liver and muscle between cold stress and 
TN chicks . In conclusion, HSPA9 is ubiquitously expressed in avian spe-
cies and its regulation seems to be genotype-dependent under heat stress .

Key Words: chicken, quail, HSPA9, heat stress, cold stress
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49   Locomotor biomechanics and muscle force performance in 
wild and domestic turkeys. Kristin K . Stover*, Elizabeth L . Brainerd, 
and Thomas J . Roberts, Brown University, Providence, RI.

Wild turkeys provide an opportunity to understand how increased muscle 
mass influences the locomotor performance of domestic turkeys. This 
study’s goal was to identify differences in muscle distribution patterns, 
quantify the locomotor capabilities, and assess the capacity for muscle 
force production in both strains of turkey . Male and female wild (n = 6) 
and domestic (n = 6) turkeys were dissected, and mass of the hindlimb, 
forelimb and pectoral muscles was measured to establish differences 
in muscle distribution. The pectoralis superficialis was the only muscle 
that was significantly larger in the domestic turkey when normalized 
to body mass (P = 0 .004) . However, when normalizing with ratio of 
muscle mass to the length3 of the tibiotarsus, all of the muscles were 
significantly larger in the domestics than in the wild strain. This indicates 
that domestic turkeys are supporting far more muscle mass on a largely 
similar skeletal frame . To obtain ground reaction forces and gait kine-
matics, turkeys (n = 10) of each strain, walked across a force plate . The 
average speed of the domestic turkeys was very slow, 0 .48 m/s, compared 
with the wild turkeys, 1 .93 m/s . The average peak vertical force of the 
domestic turkeys was 1 .04 times body mass, less than half the wilds’ 
vertical force . The domestic turkey also displayed higher mediolateral 
forces (P = 0 .001, SMATR) . These low and slow ground-reaction forces 
may be due to the muscle contractile capabilities . To test for possible 
effects of muscle-force capacity, an in situ preparation of the lateral 
gastrocnemius (LG) muscle in the domestic turkeys (n = 6) allowed 
comparison with past studies on wild turkeys . The domestic LG muscle 
produced 21% less force than wild strain (P = 0 .048), (mean muscle force 
of 31 .8 N/cm2 versus wild mean force of 40 .3 N/cm2) . However, the 
maximum velocity was high in domestic turkeys at 21 .5 L/s, compared 
with 13.0 L/s in the wilds. These results indicate that artificial selection 
for increased body mass results in low maximum speeds and low ground 
reaction forces, which may be partially due to changes in the contractile 
performance of the hypertrophied muscle tissue .

Key Words: turkey, muscle, locomotion, performance, biomechanics

50   Effect of induced stress on turkey hen performance provided 
with and without AviCare and Original XPC. Brooke Bartz*1, Jesse 
Grimes1, Samantha Black1, Ilana Barasch1, and Don McIntyre2, 1North 
Carolina State University, Prestage Department of Poultry Science, 
Raleigh, NC, 2Diamond V, Cedar Rapids, IA.

Turkey production challenges can occur at any growth stage and caused 
by environment, management, and vaccination . These challenges may 
impose physiological stress (S) impairing turkey feed (F) intake (I), FCR, 
BW gain, and livability . The objectives of this study were to determine 
the effects of induced stress, w/without AviCare liquid (AV) and AV + 
XPC (Diamond V Mills, Inc .) on performance and blood serum corti-
costerone (C) in turkey hens . D of hatch Nicholas turkey hen poults (n 
= 960) were randomly allocated to one of 48 pens, 20 plt/pen, with 4 blk 
of 12 rep . F was ad lib; Diet 1 (0–37d) was crumbled and Diet 2 (37–63 
d) was pelleted . There were 4 treatments (T): Negative Control (NC), 
Positive Control (PC), AV in water at 80 mL/100 L (AV), and AV plus 
XPC in F (1 .25 kg/mt) (AVX) . AviCare was provided to AV and AVX 
birds 0–10 d and 28–42 d . S1 was at 0 d, PC, AV and AVX received a live 
cocci vaccine . S2 was at d 34, PC, AVX, and AV; house temp reduced 
to 10°C from 21°C, heat lamps removed from pens, and an 18-h F and 
water (W) fast . During S2, NC were provided heat lamps, F and W in 

a brooder ring . On d 35, conditions were returned to pre-stress . Blood 
serum was collected at 35d from 3 bd/pen for C analysis (ELISA kit) . 
Growth, FI, and WI were measured by weight . Data were analyzed with 
JMP 11, with T means separated using LS Means (P < 0 .05; C means at 
P < 0 .1) . AVX vs . NC, AV, and PC were heaviest at 34d (1 .72a, 1 .65b, 
1 .65b, 1 .63b ± 0 .014 kg) . On d 35, PC had highest C, NC lowest, with 
AVX and AV intermediate (273a, 50b, 181ab, and 135ab ± 60 pg/mL) . On 
d 35, NC had highest BW, followed by AVX, AV and PC (1 .72a, 1 .61b, 
1 .54c, 1 .53c ± 0 .014 kg) . On d 42, AVX were heaviest, then NC, AV, and 
PC (2 .36a, 2 .33ab, 2 .28bc, 2 .27c ± 0 .017 kg) . On d 63, there were no BW 
differences due to T . For d 35–42, FCR was lowest for NC vs . AVX, AV, 
and PC (1 .56b, 1 .70a, 1 .69a, 1 .65a ± 0 .032) . FI 0–42 d for AVX tended 
(P < 0 .1) to be greater vs . NC, AV, and PC . Induced stress increased 
serum C and impaired turkey hen performance . AVX and AV reduced 
serum C and AVX improved hen performance during and post-stress .

Key Words: turkey, induced stress, corticosterone, immune system, 
animal welfare

51   Effects of analgesic administration on walking ability in 
Pekin ducks. Christopher J . Byrd*1, Yuko Sato2, Patricia S . Wakenell3, 
Russell P . Main4, and Maja M . Makagon1, 1Department of Animal Sci-
ences, Purdue University, West Lafayette, IN, 2Indiana Animal Dis-
ease Diagnostic Laboratory, Purdue University, West Lafayette, IN, 
3Department of Comparative Pathobiology, Purdue University Col-
lege of Veterinary Medicine, West Lafayette, IN, 4Department of Basic 
Medical Sciences, Purdue University College of Veterinary Medicine, 
West Lafayette, IN.

Gait scoring systems are commonly used for evaluating walking impair-
ments in poultry, including ducks . The systems rely on descriptive 
categories to rank walking ability and have been criticized for being 
subjective . To better understand the relationship between gait score 
and walking ability, we tested whether ducks deemed to have good gait 
(even stride; GS0) would perform better on a treadmill test than those 
with moderate gait (obvious limp or labored walk; GS1), and whether 
performance of GS1 ducks would be improved by systemic analgesic 
administration . At 30–32 d of age, 20 commercially raised GS0 Pekin 
ducks and 20 GS1 ducks were assigned to each of 3 treatments . The 
ducks (120 total) were injected subcutaneously with 0 .25cc of meloxi-
cam or saline, or handled without subsequent injection 15 min before 
being placed on a treadmill . The amount of time each duck was able 
to walk at 0 .31 m/s was determined . The test ended following 1 of 3 
elimination criteria: (1) the observer’s hand was needed to support the 
duck’s body for more than 3 s, (2) the duck sat on the treadmill without 
any attempt to stand, or (3) the duck walked for a maximum time of 10 
min . Data were analyzed using a general linear model in SAS . Tukey’s 
Multiple Comparison test was used to assess differences between treat-
ment groups . Overall, GS0 ducks (lsmean = 452 .2 s) performed better 
on the treadmill test than GS1 ducks (lsmean = 313 .6 s; P < 0 .0001) . 
Within the GS0 and GS1 groups, ducks treated with meloxicam per-
formed similarly to those in the saline or handling control groups (all P 
> 0 .05) . The results indicate that the treadmill test is an effective method 
for quantifying differences in the walking abilities of ducks, but provides 
inconclusive evidence as to the presence or absence of discomfort in 
association with GS1 gait . Failure of ducks to react behaviorally to 
analgesic administration may have been influenced by the 10 min test 
cut off, drug dosage and administration, or condition underlying the gait 
impediment. Additional research is needed to evaluate the significance 
of moderate gait impairments for the duck .
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Key Words: Pekin duck, treadmill test, meloxicam, gait, walking 
impairment

52   Locomotion skills of chicks over an inclined walkway. 
Chantal LeBlanc*1, Bret Tobalske2, Hanno Wuerbel3, and Alexandra 
Harlander-Matauschek1, 1University of Guelph, Guelph, ON, Canada, 
2University of Montana, Missoula, MT, 3University of Bern, Bern, 
Switzerland.

The non-cage environment for chicks is 3-dimensional, having a 
complex topography including both horizontal and vertical features . 
However, variations in the terrain that are easily negotiated by older 
laying hens might challenge the locomotion skills of chicks . This 
experiment investigated for the first time whether chicks master an 
inclined walkway and whether chicks with more experience (age and 
experience are interrelated variables) can walk up steeper slopes . We 
investigated whether 20 2- week- old chicks of different strains (Hyline 
Brown, Lohmann Brown, Dekalb White, Lohmann LSL lite) succeeded 
or failed to walk up sandpaper covered ramps (0, 20, 30, 40, 50, 60, 
70°), with failure defined as falling or not initiating ascent. Flat start-
ing (37 cm length on the ground) and landing (41 length, 70cm height) 
platforms flanked the ramp sections. Motivation to climb was provided 
by having 5 same-age chicks in a crate on the top platform . Subjects 
were presented with inclines in random increments/decrements weekly 
(2, 3, 4, 5 wks) . Data were analyzed using the Glimmix procedure via 
Laplace’s method (SAS) to determine main (strain, week and incline) 
and interaction effects (incline × week, incline × strain, strain × week) . 
The 70° incline was excluded from the analysis due to subject avoidance . 
There were significant (P < 0 .0001) strain, wk, and incline differences 
in the number of successfully completed tests. The significant (P < 
0 .0001) incline effect could be attributed to a decrease in successes as 
the inclines increased . There was no effect of incline × week or incline 
× strain. However, there was a significant (P < 0 .0001) strain × week 
effect, which could be attributed to Lohmann Brown, Dekalb White, 
and Lohmann LSL lite birds having a higher number of successes in 
wk 2 compared with Hyline Brown birds and a decreasing number of 
successes for wks 3 and 4 while Hyline Brown birds improved in per-
formance . All strains consistently decreased in the number of successes 
for wk 5 . Overall, chicks in their second week of life are willing to walk 
up and master various inclines, and chicks with more experience are not 
necessarily willing to walk up steeper slopes .

Key Words: layer chick, strain, locomotion, inclined walkway, sand-
paper ramp

53   Chick locomotion in a multilayer environment. Madison 
Kozak*1, Bret Tobalske2, Candace Martins1, Hanno Wuerbel3, and 
Alexandra Harlander-Matauschek1, 1University of Guelph, Guelph, 
ON, Canada, 2University of Bern, Missoula, MT, 3University of Mon-
tana, Bern, Bern, Switzerland.

Most navigational studies of chicks have taken place in restricted 
environments, which are characterized by being planar (2D) and 
horizontal . In aviaries, chicks encounter 3-dimensional (3D), multi-
layer environments with horizontal platforms connected via vertical 
features . Currently, little is known about age-dependent locomotor 
capabilities of chicks in multitier environments . We hypothesize that 
chicks in aviaries will use elevated horizontal and vertical space more 
with increasing age and stage of development . One hundred and 20 
chicks (Lohmann LSL-lite [LSL], Hyline Brown [HB], Dekalb White 
[DW], Lohmann Brown [LB]) were sorted by line (10 birds/pen) and 
placed into 12 aviaries (182 × 243 × 280cm), which had 4 platforms 
at 2 different heights (70 and 160cm) and a ramp and ladder to verti-

cally connect them . The chick’s spatial use and locomotive behavior 
(walking, flapping, etc.) were measured (30 min video/pen/wks1–9). 
To analyze all occurrences of motor patterns and location, pens were 
visually divided into 4 layers: Layer1 = ground, Layer2 = low perches 
up to the low platforms (15–69cm), Layer3 = between the low platforms 
and the high platforms (70–159cm), and Layer4 = high platforms and 
high perch (160cm+) . The data were analyzed using Glimmix (SAS) 
to determine main (line, week) and interaction effects . The number of 
locomotor behavior performed by chicks on the ground declined over 
weeks (P < 0 .001) . A line × week interaction (P < 0 .02) showed that 
HB chicks employed a high number of ground motor patterns in wk1 . 
Chicks first utilized Layer2 in wk2 (P < 0 .01) . In Layer2, LSL chicks 
performed a high number of locomotion compared with the other lines 
(P < 0.01). There was a significant line × week interaction (P < 0 .001), 
which could be attributed to LSL chicks employing a high number of 
motor patterns in Layer3 in wk 6 and 9 . Chicks did not utilize Layer4 
during wk 1–9 . Chicks used vertical ramps (P < 0 .004) and ladders (P 
< 0.001) significantly more often in wk 2–3 than in the other weeks. 
Further studies will test whether our observed age-dependent use of 
horizontal and vertical features in a multilayer environment is paralleled 
by age-dependent changes in locomotor capacity .

Key Words: chick, aviary, multilayer environment, locomotion

54   The effect of cooled perches on caged White Leghorn hen 
performance during chronic heat stress. Jiaying Hu*1, Maja Mak-
agon1, Richard Gates2, Patricia Hester1, Yijie Xiong2, and Heng-Wei 
Cheng3, 1Purdue University, West Lafayette, IN, 2University of Illinois, 
Urbana, IL, 3USDA-ARS, West Lafayette, IN.

High ambient temperatures can cause heat stress in laying hens, com-
promising their welfare and leading to high mortality . Our objective 
was to determine if cooled perches improve hen performance and egg 
quality when birds are subjected to chronic heat stress . At 17 wk of 
age, White Leghorn layers were weighed individually and assigned 
randomly to 1 of 6 banks . A bank consisted of 3 deck levels (bottom, 
middle, and top), with 2 cages per deck . Each bank was assigned to 1 of 
3 treatments: conventional cages with perches filled with cooled water 
(CP), with ambient air perches only (AP) or without perches (NP) . All 
banks were distributed among the treatments within the same room . 
At 21 wk of age hens were exposed to 35°C for 12 h (0600 to 1800 h) 
daily up to 35 wk of age . Number of eggs laid, including cracked and 
dirty eggs, were recorded daily . Feed utilization during a 7-d period was 
determined at 23, 27, 31, and 35 wk of age . BW were determined at 28 
and 35 wk of age . Ten eggs per cage were collected on Tuesday and 
Wednesday weekly to measure egg weight and eggshell quality . Data 
were subjected to an ANOVA using the MIXED model procedure of 
SAS, with repeated measures for performance traits . Compared with 
both NP hens and AP hens, BW was higher in the CP hens (P = 0 .01) 
with a higher feed intake (P = 0 .02) . The CP hens also had higher egg 
weight, breaking force, eggshell percent, and greater eggshell thickness 
(P < 0 .05, respectively) . Egg production, including cracks and dirty 
eggs, was not different among the treatments (P > 0 .50) . In conclusion, 
cooled perches reduced the deleterious effects of heat stress on BW, egg 
weight, and eggshell quality in White Leghorn hens without affecting 
egg production .

Key Words: water-cooled perches, egg production, egg weight, shell 
traits, feed intake

55   Do ramps between perches reduce keel bone injuries and foot 
health problems in two laying hen hybrids in non-cage systems? 
Jasper L . T . Heerkens*1, T . Bas Rodenburg2, Bart Ampe1, Evelyne 
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Delezie1, and Frank A . M . Tuyttens1,3, 1Animal Sciences Unit, Insti-
tute for Agricultural and Fisheries Research (ILVO), Melle, Belgium, 
2Behavioural Ecology Group, Wageningen University, Wageningen, 
the Netherlands, 3Faculty of Veterinary Medicine, Ghent University, 
Ghent, Belgium.

Increased space allowance and access to litter provide laying hens kept in 
non-cage systems with more opportunities for natural behaviors . These 
beneficial characteristics of non-cage systems, however, also increase 
the risk of sustaining keel bone injuries and foot pad ailments . The aim 
of this study was to investigate if providing ramps reduces keel bone 
injuries and foot pad ailments in 2 different hybrids of laying hens . In a 2 
× 2 design 16 pens were equipped either with or without ramps between 
perches and nestboxes (8 pens/treatment), and housed with either 25 
ISA Brown birds/pen or 25 Dekalb White birds/pen (in total 200 birds/
hybrid) . Keel bone injuries and foot health were measured repeatedly 
between 17 and 52 weeks of age . Fearfulness and Human-Animal rela-
tionship were tested using, respectively, the Tonic Immobility (TI) and 
Voluntary Approach (VAT) . ISA Brown birds sustained fewer keel bone 
fractures (F1,713 = 5 .06, P = 0 .025) and fewer keel deviations (F1,1195 = 
15 .24, P < 0 .001) over time, fewer foot pad lesions, less bumble foot, 
and laid fewer floor eggs over time (all P < 0 .001), but had more foot 
pad hyperkeratosis (P < 0 .001) compared with Dekalb White birds . 
Ramps reduced keel bone fractures (F1,1003 = 17 .47, P < 0 .001) and foot 
pad hyperkeratosis (F1,610 = 4 .69, P = 0 .031) over time and birds had 
fewer foot pad lesions (P < 0 .001) and bumble foot (P = 0 .003) com-
pared with birds in pens without ramps . White hybrids without ramps 
developed most foot pad lesions and bumble foot compared with all 
other treatments (all P < 0 .001) . ISA Brown birds were less fearful (P 
< 0 .001) and displayed a better human-animal relationship (P < 0 .001) 
than Dekalb White birds . Sustaining fewer keel bone injuries may be 
related to a hybrid having a lower degree of fearfulness and a better 
human-animal relationship . Providing ramps appears to be effective in 
both reducing keel bone and foot health problems in non-cage systems .

Key Words: keel bone, foot health, genetics, non-cage housing, welfare

56   Effect of keel status on activity patterns of laying hens in 
large furnished cages. Teresa M . Casey-Trott*1, Michele T . Guerin1, 
Stephanie Torrey1, Victoria Sandilands2, and Tina M . Widowski1, 
1University of Guelph, Guelph, ON, Canada, 2SRUC Avian Science 
Research Centre, Auchincruive, Ayr, Scotland.

High prevalence of keel fractures in laying hens is commonly reported 
in all housing systems, with severe keel damage noted in non-cage and 
furnished cage systems . Keel fractures are associated with pain and 
restricted motion, leading to reduced hen mobility . The current objec-
tive was to determine whether keel fractures affect the activity of hens 
housed in large furnished cages . Twenty-four pairs of Lohmann LSL 
Lite hens (71 wk) were observed in 24 furnished cages, housing either 
30 or 60 hens, both with a space allowance of 750 cm2/hen . Based on 
palpation, a fractured and a non-fractured hen were selected and tagged 
within each cage for observation, with observers blinded to keel status . 
Location within cage and behavioral activity (forage, eat, drink, preen, 
sit, stand, walk, sleep, dust bathe, perch) of each hen was continuously 
recorded using focal animal sampling for 10 min within a sample period 
of 2 h in the morning (08:00–10:00), afternoon (12:00–14:00), and 
evening (17:00–19:00) . All hens were observed during each of the 3 
sample periods for 3 d and the data for each hen was summed for analy-
sis. Hens were euthanized, dissected, and classified by keel status 1 wk 
after observation: F0 (no fracture, n = 15); F1 (single fracture without 
deviation, n = 10); F2 (multiple fractures with deviation, n = 23) . The 
percentages of time hens spent performing each behavior were analyzed 

using mixed procedure in SAS with keel status, body weight, cage size, 
and tier in the model. Keel status had an effect on the location (floor 
vs perch) of total rest time . Non-fractured hens spent 81 ± 7% of total 
resting time on the floor whereas fractured hens spent only 57 ± 6% of 
total resting time on the floor (P = 0 .03) . Fractured hens perched for a 
longer percentage of time than non-fractured hens (P = 0 .03) . Hens with 
a keel status of F0 and F1 did not differ in perching time (10 .6 ± 2%; 
15 .1 ± 4%; P = 0 .71); however, F2 hens perched longer that F0 hens 
(23 .0 ± 3%; P = 0 .01) . Differences in perching duration may provide 
insight into the possible cause of the keel damage, or alternatively, may 
indicate a pain relief strategy for hens with keel damage .

Key Words: keel, fracture, furnished cage, perch

57   Designing alternatives: Assessing how hens perceive nesting 
spaces in large furnished cages. Michelle E . Hunniford*, Gregoy 
Bédécarrats, Ian J . H . Duncan, Georgia Mason, Stephanie Torrey, and 
Tina M . Widowski, University of Guelph, Guelph, ON, Canada.

Furnished cages (FC) are designed so hens can perform highly motivated 
behavior, like nesting . However, how hens perceive the design of FC 
nests is not fully understood . Our previous research indicated that more 
hens laid their eggs in the scratch area in FCs that had a wire partition 
dividing the area . The objective of this study was to observe naïve hens’ 
egg laying behavior when offered a choice between a curtained nest 
(plastic mesh floor), and a scratch area (smooth plastic floor) with (W) 
or without (NW) a wire partition . We predicted that most hens would 
prefer the curtained nest area regardless of treatment but that W hens 
would lay more eggs and search more in the scratch area, and be less 
aggressive than NW hens . LSL-Lite hens were housed in conventional 
cages in 48 groups of 6 (288 hens) . Between 20 and 23 wks, each group 
was transferred into one of 12 FC (3 tiers in 2 rooms) with either W or 
NW treatment for a period of 5 d . Hens in top cages (n = 16 groups, 96 
hens) were fitted with backpacks for identification and video recorded 
for 3 d . Egg location was logged for all 5 d . Behavior performed in 
both the nest and scratch areas during 1 h pre-lay was scored for hens 
with visible ovipositions (n = 15 groups, 55 hens) . Egg locations and 
behavior were averaged for the group and analyzed using SAS Proc 
Mixed; the model included cage size, treatment, room, tier and week 
(fixed effects) with random group. Significantly more eggs were laid 
in the scratch area with a wire partition (W) than without (NW; 18 .3 ± 
1 .8% vs . 7 .3 ± 1 .3%; P < 0 .0001) . No other factor affected egg location 
(P > 0 .05) . Hens searched the scratch area more (15 .8 vs . 6 .5 min; P = 
0 .003) in W vs . NW treatments . W hens entered the scratch mat area 
more frequently (39 .6 vs . 19 .4 bouts; P = 0 .007) and spent less time in 
the nest (15 .9 vs . 26 .3 min; P = 0 .005) than NW hens . There was no 
difference in the frequency of nesting behavior (P = 0 .8) or aggressive 
behavior (P = 0 .3) . These results show that hens perceive the scratch area 
as a suitable alternate nest site when a wire partition is added, offering 
some degree of enclosure .

Key Words: nesting, behavior, furnished cage, layer, LSL-Lite

58   Detection of laryngotracheitis in layer chickens via auto-
matic nighttime cough sound detection. Brandon T . Carroll*1, 
Douglas F . Britton2, Wayne Daley2, Maricarmen Garcia3, Simeon 
Harbert2, and David V . Anderson1, 1Georgia Institute of Technology, 
Atlanta, GA, 2Georgia Tech Research Institute, Atlanta, GA, 3Poultry 
Diagnostic and Research Center, University of Georgia, Athens, GA.

Laryngotracheitis (LT) is a common respiratory disease among chickens 
that causes coughing and breathing problems . Because LT is highly con-
tagious and impairs the growth and performance of chickens, it poses a 
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significant threat to commercial poultry producers. Early detection and 
response to LT outbreaks can prevent further spread and minimize the 
costs associated with the outbreak . This project developed a nighttime 
cough detection algorithm with the goals of enabling early warning 
systems and working toward quantifiable measures of animal welfare. 
Because the algorithm relies only on audio signal processing, it can pro-
vide continuous, non-invasive monitoring of a flock through the night. 
The algorithm was developed and tested using audio recordings from 2 
controlled vaccine trials at the Poultry Diagnostic and Research Center . 
The experiments took place in 4 separate rooms, each containing 64 to 
126 layers (depending on room size) . Two of the rooms contained the 
negative and positive control groups, while the other 2 rooms received 
different dosages of the vaccine under trial . The negative controls were 
located in different rooms for the 2 experiments . Clinical signs were 
taken over 4 d for the first experiment and 5 d for the second. The 
algorithm was trained using 20 min of labeled audio data from the first 
experiment and tested on data from the second experiment . The sample 
correlation coefficients between the cough detection rate and clinical 
sign measurements were 0.91 for the first experiment and 0.67 for the 
second . Although the detection of individual coughs can be noisy in the 
short term, the results can be used to construct more accurate hypoth-
esis tests over longer periods . Our analysis indicates that under our test 
conditions and assuming stationarity, it is possible to determine if the 
chickens are sick with an error rate below 1% after about an hour of 
observation . These results indicate that automatic detection of disease in 
poultry via audio signal processing is a viable approach to be considered 
for field implementation.

Key Words: disease detection, laryngotracheitis, animal welfare, audio 
signal processing, layers

59   Availability of aromatic amino acids in the blood plasma dif-
fers between lines of laying hens selected for low mortality or pro-
duction traits. Patrick Birkl*1, Leonora Franke2, T . Bas Rodenburg3, 
Hanno Würbel4, and Alexandra Harlander1, 1University of Guelph, 
Guelph, ON, Canada, 2Charité Berlin, Berlin, Berlin, Germany, 
3Wageningen University, Wageningen, Gelderland, the Netherlands, 
4University of Bern, Bern, Bern, Switzerland.

The mechanisms underlying feather pecking (FP) behavior are still 
unclear . However, neuronal monoamine (serotonin and dopamine) 
pathways are thought to play a major role . As monoamine precursors, 
aromatic amino acids (AAA) compete for active transport at the blood 
brain barrier the central monoamine synthesis is influenced by AAA con-
centration in the periphery . This study compared the plasma availability 
of AAA in 2 lines of layers: One selected for low mortality (LM; n = 
132), showing low FP and one control line (C), selected for production 
traits only (n = 132) . We expected that plasma levels of AAA are of high 
individual variability and instable over time, and that most pronounced 
differences between lines could be related to tyrosine (TYR) level . Blood 
samples of 132 birds per line, kept in groups of 11, were collected in 
wk 24 and 29. An AA-profile was received by HPLC of platelet-poor 
plasma . Data were analyzed using PROC MIXED (SAS 9 .3) by line and 
week and their interactions as fixed effects, pen (line) as random effect 
and week/bird (pen) as repeated effect . Per line, birds did not differ 
in PHEN, TYR, TRP or TRP/AAA levels . However, TYR decreased 
over time (P < 0 .003) for both lines . An interaction was found between 
increased PHEN/TYR ratios and age, attributed to lines . Moreover, the 
line (P < 0 .05), week (P < 0 .002) and line × week (P < 0 .001) interac-
tions in PHEN/TYR ratios were found to be increasing for C birds over 
time but not for LM birds (P < 0 .67) . Another interaction, attributed to 
lines and age, could be found in the case of TYR/ TRP ratios, decreasing 
significantly over time for LM birds (P < 0 .0001) but increasing in con-

trol birds (P < 0 .0009) . These results indicate that there are substantial 
age-dependent differences in circulating AAA between these 2 lines, 
which could be based on differences in the metabolic activity of the 
liver . We therefore suggest that further insights into the contribution of 
blood AAA to the central synthesis of neurotransmitters are required to 
gain a better understanding of the mechanisms underlying FP in layers .

Key Words: amino acids, layers, feather pecking, monoamines

60   Feeding pea enhances the degree of satiety in feed restricted 
broiler breeder pullets. Aman Deep*, Karen Schwean-Lardner, 
Andrew G . Van Kessel, and Henry L . Classen, University of Saskatch-
ewan, Saskatoon, SK, Canada.

Feed restriction in broiler breeders is applied to maintain target body 
weights, thereby improving health and reproductive performance, but is 
criticized for reducing bird welfare attributed to hunger . Slow digestion 
of starch has been suggested to increase satiety in humans, so broiler 
breeder pullets were fed either wheat- or pea-based diets to study the 
effect of starch digestion rate on hunger . Ross 308 broiler breeder pullets 
were randomly assigned to 12 pens (16 per pen) in each of 2 rooms at 0 
d of age . Pullets were fed a starter ration on an ad libitum basis for 3 wk 
before being randomly assigned to either a wheat or pea based grower 
diet fed on an every other day basis to maintain target body weights 
from 3 to 13 wk of age . Satiety was assessed using behavioral and physi-
ological parameters . Behavior was recorded for 48 h in 2 independent 
pens per treatment at both 9 and 10 wk of age, thereby resulting in 4 
replicates . At 89 d of age, serum samples (4 birds/treatment/time) were 
collected 1 h before and 1, 2, 4, 8, 12, 16, 20, 24, 26, 28, 32, 36, 40, and 
44 h after feeding and assayed for nonesterified fatty acids (NEFA) and 
β-hydroxybutyrate. Behavior data were analyzed as a 2 × 2 factorial 
design with dietary treatment and day (on-feed, 0–24 h; and off-feed, 
24–48h) as main effects and week as a block. β-Hydroxybutyrate 
(β-HBA) and NEFA levels were analyzed as factorial design (2 × 15) 
with diet and time as main factors. The level of significance was fixed at 
P ≤ 0.05. Birds fed a wheat based diet demonstrated increased drinking 
and reduced empty feeder pecking over the 48 h period . Interactions 
between diet and day showed that pullets fed a pea based diet expressed 
increased comfort and resting behavior, and reduced foraging and walk-
ing behavior during the off-feed day (24–48 h) . Feeding a pea-based diet 
resulted in reduced serum levels of NEFA and β-HBA after 26 and 28 
h postfeeding, respectively . Overall, both physiological and behavioral 
indicators suggest increased satiety in feed restricted broiler breeder 
pullets when fed a pea- compared with a wheat-based diet .

Key Words: slowly digestible starch, behavior, physiology, hunger, 
welfare

61   Feeding and foraging behaviors in precision-fed broiler 
breeders. Teryn E . Gilmet*, Clover J . Bench, Paulo R . Carneiro, 
Sheila H . Hadinia, and Martin J . Zuidhof, University of Alberta, 
Edmonton, AB, Canada.

Broiler breeders are feed restricted to control growth and maximize chick 
production . However, the severity of feed restriction, conventionally 
managed through a skip-a-day feeding (CON), creates welfare concerns 
as broiler breeders exhibit oral stereotypies and feather pecking . A Preci-
sion Feeding (PF) system has been developed to provide small individual 
meals to each bird multiple times throughout a day, only if their BW 
is less than a target BW . The objectives of the current study were to 
(1) investigate if PF reduced perceived hunger in ROSS 308 pullets 
by comparing activity levels and stereotypic object pecking to a CON 
flock and (2) compare feather pecking incidence in PF and CON flocks. 
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We hypothesized PF would decrease hunger perception and foraging 
frustration compared with CON . Using a complete randomized block 
design, PF and CON pens were represented in each of 6 blocks . Live 
behavior observations (15 min per pen) were conducted twice weekly 
from 10 to 21 wk . During 1 min scan samples of 12 focal birds, stand, 
forage, sit, feather peck, other behaviors, and pecking of the drinker, 
feeder, and pen wall were recorded . Data were analyzed with PROC 
GLIMMIX (SAS 9.4). Differences were reported as significant where P 
< 0.05. Feeder and pen wall pecking did not significantly differ between 
treatments . CON pullets performed more stand (6 .15 ± 0 .05 vs . 5 .69 ± 
0 .05), forage (3 .29 ± 0 .05 vs . 3 .04 ± 0 .04), and feather peck (0 .16 ± 0 .01 
vs . 0 .03 ± 0 .01) behaviors than PF pullets, respectively . PF performed 
more sit (0 .23 ± 0 .01 vs . 0 .15 ± 0 .01) and drinker peck (2 .60 ± 0 .01 
vs . 0 .15 ± 0 .01) behaviors than CON pullets, respectively . These data 
suggest foraging is better simulated and activity levels are lower in a 
PF flock compared with a CON flock. An increase in drinker pecking 
suggests hunger frustration is still present in a PF flock. In conclusion, 
PF changed feed restricted broiler breeder behavior compared with CON 
but did not eliminate hunger related stress .

Key Words: precision broiler breeder feeding, behavior, welfare, 
feather pecking

62   Effect of light intensity on production parameters and feed 
behavior of broilers. Maurice Raccoursier*, Karen Christensen, 
Yvonne Vizzier Thaxton, and F . Dustan Clark, University of Arkansas, 
Fayetteville, AR.

The first trial focused on light intensity as it affects performance. A ran-
domized complete block design (RCBD) with 3 different light intensities 
of 5, 10, and 20 lx was performed . In total, 1,584 Cobb-500 broilers 

were housed in 3 commercial houses of 1,488 mt2 with the same feed-
ers, drinkers, ventilation and heating system . In each commercial house 
birds were placed in 24 pens of 1 .48 mt2 (22 bird/pen, mixed sex) . All 
the treatment groups were provided with 24L during the first week and 
18L/6D and 20 lx from d 7 to 14 . The 3 intensity treatments of 5 lx, 10 
lx and 20 lx with 18L/6D were started at d 14 and continued until 40 d 
of age . Feed and water were provided ad libitum . At 0d, 14d, and 40d 
all birds and feed were weighed . The second experiment was designed 
to determine if there was a preference for light intensity while eating . 
In addition, a RCBD was performed with 3 treatments of 5, 10 and 20 
lx . One hundred eighty Cobb 500 broilers were housed in a different 
commercial house (same characteristics than those of the first experi-
ment). They were placed in 6 pens. Each pen had 3 rooms with a specific 
light intensity and each room had one feeder so the birds could choose 
under which intensity eat . All the treatments were provided with the 
same lighting program as in experiment 1 . Birds were able to choose the 
feeder to use . Feed intake for each feeder was collected . Over each pen, 
a camera was mounted on the ceiling to record the rooms to evaluate 
the feeding behavior of the birds (birds per treatment during one hour 
at a random time during the daylight period). In the first experiment, 
there was no effect of light intensity on feed intake or weight gain . In the 
feed behavior experiment there was a difference between the treatment 
means (P < 0 .0005): 5 lx: 595,19 g/bird, 10 lx: 776,27 g/bird and 20 lx: 
793,5 g/bird . The average numbers of birds every 5 min per treatment 
during 1 h of record were: 5 lx: 0 .78 birds, 10 lx: 4 .65 birds and 20 lx: 
6 .33 birds, suggesting a preference for eating under a brighter light (P 
< 0 .05) . This result may open a new debate concerning welfare in terms 
of not only production performance but also bird preference .

Key Words: light intensity, feed behavior
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63   Adapting ectoparasite control to welfare-driven changes in 
poultry production systems. Amy Murillo* and Bradley Mullens, 
University of California Riverside, Riverside, CA.

Legislation in California has altered the use of battery cages for layers, 
compelling poultry producers to consider furnished cage or cage-free 
production systems . This presents a major challenge for ectoparasite 
control, which is typically achieved via high-pressure pesticide sprays . 
This study explores an alternative control method for ectoparasites in 
cage-free production systems . We tested dustboxes with diatomaceous 
earth for the management of the most damaging ectoparasite of poul-
try in the US, the northern fowl mite (Ornithonyssus sylviarum) .The 
northern fowl mite limits egg production, causes irritation to hens, and 
can result in significant blood loss. The purpose of this study was to 
test if allowing hens access to dustboxes before mite exposure kept 
mites below economically damaging levels . Additionally, we removed 
dustboxes at different time points to see if low-level mite exposure 
stimulated protective immunity development by hens . Four cage-free 
houses each containing 18–21-week-old Isa Brown hens (18/house; n 
= 72) were given access to plastic dustboxes (60 cm × 90 cm × 9 cm) 
containing sand and diatomaceous earth (9: 1 by weight) . Diatomaceous 
earth (DE) is an environmentally friendly, organic approved insecticide 
that causes mite desiccation . After 1 week of dustbox availability, 20–30 
adult mites were introduced multiple times to each individual hen . Mite 
levels and relative dustbox use were monitored for individuals weekly . 
At wk 8, dustboxes were removed from 2 of the 4 houses to see if mite 
numbers would remain low (suggestive of host immunity) . At wk 12, 
the dustboxes were removed from the remaining 2 houses . The study 
was concluded at wk 16 . Dustbathing is a complex innate behavior 
with tremendous variation within and among birds . On average, 52 .7% 
± 0 .01 (mean ± SE) of birds dustbathed weekly when dustboxes were 
available. However, preliminary results from trial 1 show flock mite 
levels remained below suggested economic injury thresholds (ca . 100 
mites/bird) when DE-filled dustboxes were present. Mite suppression 
was not sustained after boxes were removed .

Key Words: ectoparasite, mite, control, organic, diatomaceous earth

64   Evaluation of chlorine dioxide based product as a hatchery 
sanitizer. Pramir Maharjan*, Tyler Clark, Ujvala D . Gadde, Samantha 
Cox, Christopher Eagleson, Joel Thompson, and Susan Watkins, Uni-
versity of Arkansas, Fayetteville, AR.

Formaldehyde is commonly used to overcome contaminants introduced 
by hatching eggs or water supply in the hatcher cabinets . However, 
health risks associated with its use make economical alternatives highly 
desired . This project evaluated a chlorine dioxide based product (CDBP) 
available as a 3000 ppm concentrate as a hatchery sanitizer (>18 d 
old hatching eggs) in decontaminating microbial populations in shell 
surfaces of hatching eggs, as well as its effect on hatchability and per-
formance . Small hatchers (Hova Bator model-1602N) designed to hold 
approximately 50 eggs (2 .25 square feet) and equipped with circulation 
fans, heaters and thermostats were used for the evaluation . For each of 
2 trials, 450 hatching eggs were obtained and incubated in a common 
setter. Eggs used in trial 1 (T1) were floor eggs whereas in trial 2 (T2) 
nest eggs were used . On d 18 of incubation, eggs were removed from 
the setter, checked to confirm they were fertile and then viable eggs 
were randomly allocated to 9 hatchers . Ten eggs per hatcher were then 
selected and washed in 25 mL of buffered phosphate diluent for initial 
microbial evaluation . T1 eggs averaged >4 log 10 cfu/mL and T2 aver-

aged <3 log 10 cfu/mL . Three hatchers were treated CDBP and 3 with 
a Formaldehyde based product (FBP) . Three untreated hatchers served 
as control (C) . Prior to hatch, 10 eggs/incubator, not previously rinsed, 
were selected and sterilely rinsed in BPD similar to the pre-treatment 
evaluation. Both trials showed a significant increase in shell surface 
bacterial counts (<0 .05) in post treatment egg rinse samples for the 
CDBP as compared with the controls which either remained the same or 
reduced . Formaldehyde treatment resulted in a reduction in shell micro-
bial counts in T1 and an increase in T2 . The hatched chicks were reared 
until d 21 in floor pens with common starter diet. For the CDBP treated 
eggs, hatchability and chick performance (weight gains, mortality and 
FCR) were similar to the other treatments . Results indicate that CDBP 
evaluated was not an effective antimicrobial alternative to formaldehyde 
for sanitizing hatching eggs in hatcher cabinets before hatch .

Key Words: chlorine dioxide, hatching eggs, incubation, sanitation

65   Applying lysozyme to the surface of hatching eggs improves 
hatching performance without jeopardizing growth performance. 
Xujie Li*, Derek Anderson, and Bruce Rathgeber, Dalhousie Univer-
sity, Faculty of Agriculture, Truro, NS, Canada.

Lysozyme is a common antimicrobial enzyme extracted from egg 
white . A preliminary trial demonstrated that lysozyme has acceptable 
activity against microorganisms on eggshells . This study evaluated 
lysozyme applied to the surface of hatching eggs on hatching and 
growth performance of broiler chicks . A total of 2 thousand 80 hatching 
eggs were collected from a Ross 308 commercial breeder flock. All 
eggs were submerged in a nutrient broth containing 7 .6 × 107 cfu/mL 
E. coli for 5 min . After drip drying, eggs were randomly divided into 
4 treatment groups with 4 replicates . Treatments included fumigation 
with distilled water (negative control), 1 .5% or 3 .0% lysozyme solu-
tions or a quaternary ammonium product at 0 .125% (positive control) 
for 10 min . The eggs were incubated in 8 incubators (2 incubators per 
treatment) and the broiler chicks were grown to 33 d of age . Hatching 
and growth performance data including mortality were subjected to 
ANOVA using the Proc Mixed procedure of SAS . Growth data were 
analyzed as repeated measures . Hatch weight (P = 0.001) was signifi-
cantly increased by applying the 1 .5% lysozyme solution to the eggs 
before incubation, with no effect on the ratio of yolk sac weight to 
yolk-free body weight (P = 0.268) at hatch. No significant differences 
were found in hatchability (P = 0 .058) among treatments (distilled 
water 89 .8%; 1 .5% lysozyme 93 .3%; 3 .0% lysozyme 89 .7%; 0 .125% 
quaternary ammonium 89 .7%) . Daily feed consumption (P = 0 .548), 
average body weight (P = 0 .155) and feed conversion ratio (P = 0 .829) 
were not affected by treatments . However, average daily body weight 
gain (P = 0.025) was significantly reduced in the chicks that hatched 
from eggs fumigated with 0 .125% quaternary ammonium . Treatments 
did not influence chick mortality posthatch (P = 0 .801) . Overall 1 .5% 
lysozyme solution improved hatch weight without negatively affecting 
growth performance .

Key Words: lysozyme, egg sanitation, hatching performance, growth 
performance, Escherichia coli

66   Evaluation of production and egg quality associated with 
two brown eggs laying strains housed in four production systems. 
Rafael Crivellari*, Ramon D . Malheiros, and Kenneth E . Anderson, 
Prestage Poultry Science Department, NCSU, Raleigh, NC.
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In the late 1980s and 1990s, regulations began to restrict the use of 
conventional cages which stimulated the development of an array of 
intermediate enriched cage, aviary and barn systems . The aim was to 
balance behavior with environmental enrichment, containment, and 
disease control . The experiment was conducted at the NCDA at Pied-
mont Research Station using 2 strains, Hy-Line Silver Brown (SB) 
and Hy-Line Brown (HB) housed in 4 environments . The birds were 
raised identically in a cage rearing facility, then moved to one of the 
laying facility, consisting of: Conventional cage (Cc) (445 and 774 cm2/
hen), Cage-free (Cf) (1207cm2/hen), Enrichable cage (Ec; 445 cm2/
hen), Enriched cage (Ecd; 445 and 897 cm2/hen), and Free-Range (Fr; 
1207cm2/hen in hut, and 5 .6 m2/hen in paddock) . Feed consumption, 
egg production, and mortality were monitored daily and compiled 
every 28 d from 17 through 69 wks of age (13 periods) . Diets were 
provided ad libitum . One days eggs were sampled the 3rd wk of each 
period to determine the USDA grades as well as egg size distribution . 
The experiment was a CRD and analyzed using PROC ANOVA in JMP 
11 .0, Tukey HSD used to separate means for the period and Student’s 
t-test for the strain and density means . The SB HH egg production 
was 2 .1% higher (P < 0 .01) than HB hen production . The HH Egg 
production was highest (P < 0 .01) in the Cc and no different between 
the other systems . The low density Cc with a density of 774 cm2/hen 
had the highest (P < 0 .01) productivity . The strain HB had better feed 
conversion g egg/g feed presenting a mean of 0 .45 . The HB also had 
a higher concentration of XL eggs with a mean of 65 .2 . The SB had a 
higher amount of LG, MD, SM eggs, with a mean of 30 .51, 14 .68, and 
3 .97%, respectively . The HB had a higher egg weight with a mean of 
61 .1g . The Fr and Cf had higher concentration of XL eggs with a mean 
of 72 .5 and 69 .2% . Mortality was highest in the Cf production system 
at 8 .9% with the Fr and Ec being intermediate . These results suggest 
that production and different production systems have influence on 
performance and egg quality .

Key Words: environment, laying hen, egg quality, production system

67   Effect of stocking density on post-molt egg-laying hens in 
enriched colony caging systems. Joseph M . Leszcz*1, Deana R . 
Jones2, Kenneth E . Anderson3, Ken W . Koelkebeck4, Cara I . Robison1, 
and Darrin M . Karcher1, 1Michigan State University, East Lansing, 
MI, 2United States Department of Agriculture Agricultural Research 
Service, Athens, GA, 3North Carolina State University, Raleigh, NC, 
4University of Illinois at Urbana-Champaign, Urbana, IL.

Egg producers in the United States are in a state of transition from 
conventional cages to enriched colony (EC) cages . This change requires 
further evaluation of space allocation in the EC and the need for molting 
as a management practice . This study investigated stocking densities 
(SD) as they relate to egg production, egg quality parameters and hen 
welfare . Hyline W-36 hens, in their second laying cycle (70 to 118 wk 
of age), were housed in 8 rooms, 9 commercial EC cages per room, at 
SD of 464, 581, 652, 748, 800, or 929 cm2 per bird . Layers in 4 rooms 
(36 of 72 cages) were subjected to an induced molt program at 70 weeks 
of age . Data was analyzed in 28 d production periods using cage as the 
experimental unit . Data was collected daily for egg production; weekly 
for egg weight and shell thicknesses, and welfare quality (Welfare Qual-
ity®) was assessed 7 times through the 48-wk trial . Hen-day production 
decreased (P < 0 .05) with increases in SD, while hen-housed production 
was not affected (P > 0 .2) by SD . Increased SD also tended (P = 0 .08) 
to decrease shell thickness, but had no affect (P > 0 .9) on egg weight . 
SD did not affect (P > 0 .2) mortality . Keel bone fracture rate frequency 
(26 .8%), and comb wound score frequencies (87 .2% unwounded) were 
unaffected by SD or molt . Hen-housed, hen-day production, egg weight, 
and mortality were not affected by molt (P > 0 .2) . A trend was observed 

for molted cages to produce thicker shells (P = 0 .07), while decreasing 
(P < 0 .02) in yolk weight . The interaction between molt and SD tended 
to decrease hen-day production more severely in non-molted birds with 
increased SD (P = 0 .08) . These results suggest that there are some pro-
duction benefits to heavily stock EN systems, but that there is a limit 
from both a production and animal welfare standpoint where increased 
SD negatively impacts welfare and egg shell thickness .

Key Words: hen, stocking density, molt, enriched, egg quality

68   Acute and chronic effects of heat stress on performance and 
blood gas parameters in laying hens. N . W . Barrett*1, C . J . Schmidt2, 
S . J . Lamont3, C . M . Ashwell4, M . F . Rothschild3, and M . E . Persia1, 
1Virginia Tech, Blacksburg, VA, 2University of Delaware, Newark, DE, 
3Iowa State University, Ames, IA, 4North Carolina State University, 
Raleigh, NC.

An experiment examined the effects of heat stress (HS) on first cycle 
laying hens over 4 wk . In total, 400 Hy-Line pure-line laying hens were 
housed in individual cages in 2 climate-controlled rooms . From 24 to 
28 wk of age, the hens were subjected to a HS protocol of 7h at 35°C 
followed by a return to 29°C for the rest of the 24 h . Egg production 
(EP), egg weight (EW), and egg mass (EM) were recorded daily and 
feed intake (FI) was determined every 2 wk, including the FI 2 wk before 
HS . Blood samples were obtained from the wing for blood gas analysis 
using i-STAT blood analyzer and a CG8+ cartridge on d −1, 1, 14 and 
28 of HS . All data were analyzed over time (HS trt) using ANOVA and 
a Fisher’s LSD test to separate means (P ≤ 0.05) for significant effects. 
Egg production dropped from 90% before HS to approximately 85% 
for both the first 2-wk period of HS and wk 2 to 4 of HS (P < 0 .01) . 
Over this same period, EW increased slightly from 58 to 61 g/egg (P 
< 0.01) and EM was not significantly altered. Feed intake decreased 
from 95 g/bird/d before HS to 51g/bird/d over the first 2 wk of HS and 
increased to 58 g/bird/d from 2 to 4 wk of HS (P < 0 .01) . Because FI 
dropped more drastically than EP, feed efficiency (g egg produced/kg 
feed intake) increased from 611 g/kg before HS to 1,218 g/kg the first 
2 wk of HS and to 1,053 g/kg from 2 to 4 wk of HS (P < 0 .01) . Blood 
pH was 7.39 before HS, rose to 7.45 on the first day of HS, remained 
elevated at 2 wk (7 .44) and returned to just below the control value at 
7 .37 by 4 wk (P < 0 .01) . Blood pCO2 showed negative correlation with 
blood pH with a pre-HS value of 42mmHg which quickly dropped to 
30mmHg on the first day of HS, remaining low at wk 2 (33mmHg) and 
recovering somewhat to 37mmHg by wk 4 (P < 0 .01) . Blood bicarbonate 
had a pre-HS value of 25 mmol/L; that dropped to 20 mmol/L the day 
of HS and remained low at both 2 and 4 wk of HS, 22 and 21 mmol/L, 
respectively (P < 0 .01) . Laying hens were affected by HS resulting in 
reduced feed intake and egg production, and altered blood chemistry . 
By the end of the 4-wk period, the hens had started to adapt blood 
chemistry to the HS .

Key Words: heat stress, laying hen, blood gas, performance

69   Evaluation of a raised flooring material for rearing broilers. 
Cody C . Brown*, Brian D . Fairchild, and Mike Czarick, University of 
Georgia, Athens, GA.

The purpose of this study was to evaluate and compare 2 different raised 
flooring materials to the pine shavings bedding used in broiler produc-
tion. The raised flooring material was comprised of a plastic netting 
supported by a metal frame raised 20.3 cm off the floor. Trial 1 consisted 
of 4 pens with 2 being the raised flooring material A (treatment A), with 
a hole diameter of 2 cm, and 2 being a conventional pine shavings bed-
ding (control) . Each treatment was represented in 1 of 2 environmentally 
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controlled rooms . Trial 2 used 8 pens where 4 of the pens were treatment 
A and 4 were controls . In this trial, the treatment pens and control pens 
were housed in separate rooms . The room with treatment A pens were 
brooded at 35 .6°C room temperature while the room with control pens 
was brooded at 33.9°C. Trial 3 compared a second flooring material, 
with a hole diameter of 1cm, to pine shavings with 1 pen of each . Body 
weight, feed consumption and paw quality were evaluated in all 3 trials . 
The results showed that in Trials 1 and 2 the raised flooring birds were 
70 g heavier in both trials at 35 d, had 73% and 86% more grade A 
paws than birds in the control pens respectively and had 0 .06 and 0 .08 
lower feed conversion ratio (FCR) respectively . In Trial 3, the birds 
were 95 g smaller, had a 0 .14 worse FCR and the grade A paw quality 
was 6% lower than the control pens . In summary, rearing broilers on 
raised flooring improved performance and paw quality in Trials 1 and 2. 
However, Trial 3 did not yield similar results . This was likely due to the 
smaller hole diameter of the second netting material causing the birds to 
have more contact with the manure as it collected . The treatment pens 
had increased labor associated with cleanout and a higher incidence of 
flies. However, these results indicate that birds can perform as well or 
slightly better on raised flooring provided it has adequate hole diameter 
and the chicks are brooded at a higher temperature .

Key Words: paw quality, raised flooring, housing, broiler performance

70   Effects of simulated cold transport on physiology and meat 
quality of 12-week-old turkey hens. Zoe A . Henrikson*, Catherine 
Vermette, Karen Schwean-Lardner, and Trever G . Crowe, University 
of Saskatchewan, Saskatoon, SK, Canada.

The effect of cold exposure during simulated transport on meat quality 
and physiology was assessed in 12-wk-old turkey hens . Turkey hens 
(72) from 3 flocks were randomly divided into 3 groups: 2 moderate 
temperature groups of 20°C with 30% and 80% relative humidity (RH) 
and a cold group exposed to −18°C. Groups of 8 hens were exposed to 
conditions within a climate-controlled chamber for 8 h before slaugh-
ter . Parameters assessed included core body temperature (CBT), live 
shrink, and change in blood glucose levels . Meat quality measurements 
included thigh and breast muscle pH and L*, a*, and b* color values . 
Data were analyzed using SAS 9.4 as a RCBD, blocked by flock. Dif-
ferences were significant when P ≤ 0.05. Live shrink for birds exposed 
to −18°C (3.2%) was greater (P < 0 .01) than in the 2 groups exposed 
to 20°C (1 .8% for both 30% and 80% RH) . Core body temperature 
(CBT) was recorded each minute using miniature data loggers and the 
last 2 h of data were averaged for analysis. Mean CBT in the −18°C 
group (40.58°C) was significantly lower (P < 0 .01) than in the 20°C 
30% RH group (40 .98°C) but not lower than the 20°C 80% RH group . 
The decrease in blood glucose concentrations tended (P = 0 .07) to be 
larger for the −18°C group (2.5 mmol/L), compared with the 20°C 80% 
RH group (1 .7mmol/L) . Breast muscle pH, determined using a slurry 
method, and thigh pH, determined using a probe, were significantly 
higher in the −18°C group than in both 20°C treatments (P < 0 .01) . 
Color values (L*, a*, and b*) were measured 24h post-mortem . L* 
values were significantly lower in the −18°C group for both breast 
and thigh (P < 0.01). Thigh a* values were significantly higher in the 
−18°C group than in the 20°C 30% RH groups, while breast a* values 
did not differ significantly. Breast b* values were significantly lower 
in the −18°C group than in both 20°C treatments (P < 0 .01) . The data 
indicate that the cold treatment resulted in greater live shrink, darker 
meat with greater redness, and a greater drop in blood glucose, which 
may represent welfare and productivity issues .

Key Words: transport, cold, meat quality, core body temperature, live 
shrink

71   Applying a gut health integrity index to correlated with 
broilers performance: Comparison between conventional 
and tunnel house and different drinkers flow rate. Antonio L . 
Kraieski*1, Ricardo M . Hayashi1, Andressa P . Dlugosz1, Milena M . 
Santos2, Bruna L . Belote2, and Elizabeth Santin1, 1Federal University 
of Paraná, Curitiba, Paraná, Brazil, 2Universidade Tuiuti do Paraná, 
Curitiba, Paraná, Brazil.

In the poultry industry, the absence of lesion on necropsy is associated 
with good animal performance . However, there are lack of methods 
that statistically evaluate and monitor necropsies data . The LABMOR/
UFPR has set up a mathematical index called I see Inside (ISI), as a tool 
to generate a health integrity index from necropsy data . The ISI take in 
count different macroscopic and microscopic scores of gastrointestinal 
alteration that result in a final number. The aim of this study was to 
apply the ISI methodology in broilers submitted to 2 different types 
of house and related it with performance . An amount of 40 broilers 
farms were evaluated with 2 different house structure (conventional 
or tunnel) and 3 nipple drinker flow rate (high = 130 to 180; regular = 
100 to 129; low = 70 to 80 mL/min) . At 21 d of age, 6 broilers of each 
poultry farm were necropsied to measure the macroscopic lesions using 
the ISI methodology and samples were collected for histopathological 
analysis. The macroscopic results did not present significant difference 
between studied factors . But, on histological analysis, conventional 
house presented higher ISI scores in ileum compared with tunnel house 
(10 .80 and 8 .27, respectively), which were inverse correlated with better 
feed conversion (1 .737 and 1 .634, respectively) and dairy weight gain 
(68 .2g and 65 .3 g, respectively) . There are interaction between factors for 
ileum alteration and feed conversion, where flocks from regular drinker 
flow presented higher ISI when in conventional house compared with 
tunnel house (13 .22 and 6 .66, respectively) which is correlated to worse 
feed conversion (1 .770 and 1 .669, respectively) . These results showed 
that is possible to apply this mathematical methodology to evaluate 
animal health . However, for health birds, the microscopic alteration is 
more important than macroscopic lesion to be related with performance . 
In addition, the ileum histology showed more correlation with animal 
performance than other organ evaluate as duodenum, jejunum and liver .

Key Words: broiler, necropsy, histopathology, performance, health 
index

72   Intermittent use of direct-fed microbial (RE3) on growth 
performance and health status of indigenous guinea keets (Numida 
meleagris). Goodman Kantanka Sarfo*1, Jacob Alhassan Hamidu2, 
Armstrong Donkoh2, and Larbi Asamoah1, 1International Institute of 
Tropical Agriculture, Tamale, Ghana, 2Kwame Nkrumah University of 
Science and Technology, Kumasi, Ghana.

The objective of the current study was to investigate the effect of inter-
mittent use of direct-fed microbial (DFM) RE3 on growth performance 
and health status of indigenous guinea keets in Ghana . A total of 180 
day-old guinea keets were randomly allocated to 1 of 4 treatments for 
8 weeks from day 1 to 8 weeks . The treatments were: (T1) control diet 
(antibiotics), (T2) 1 .5 mL of RE3/L of water daily (T3) 1 .5 mL of RE3/L 
of water for 3 consecutive days per week and (T4) 1 .5 mL RE3/L of 
water for 7 d repeated every other week . Measurements of feed intake 
and body weights gains were used to calculate feed conversion ratio . 
Water intake and mortality were recorded . Hematological parameters 
and serum biochemistry were performed from blood samples . All data 
were analyzed using Proc . GLM procedure of SAS 9 .3 at P < 0 .05 . Dun-
can’s multiple range tests was used to separate means . The results of the 
current study revealed that there were no significant changes for RBC, 
Hb, WBC, MCV, HCT, MCH and MCHC concentrations between all 
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treatments . Birds on all DFM treatments appeared to consume less feed 
(T2: 1746 .0; T3: 1756 .8; T4: 1824 .4 g) compared with control (1870 .5 
g). Similarly, the final body weight and daily weight gain were nearly 
significant between treatments (P = 0 .08; P = 0 .06 respectively) . In all 
cases, birds given DFM daily (T2) were heavier, followed by every 3 
d (T3) compared with control and 7 d repeated every other week (T4) . 
The total blood protein, globulin, lipids and albumin concentrations as 
well as cholesterol concentration were not affected by probiotic supple-

mentation. There was no significant difference in mortality among treat-
ments . We concluded that 1 .5mL of RE3/L of water daily and 1 .5 mL of 
RE3/L of water for 3 consecutive days per week resulted in improved 
performance parameters . Future examination of large bird population is 
recommended as well as immune competence from the spleen, thymus 
and bursa of Fabricius for evidence of increased immune competence 
in probiotic administered birds .

Key Words: keets, DFM, body weight, weight gain, blood parameter
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Student Competition: Immunology, Health, and Disease: Immunology

73   Effect on gene expression of nutrient transporters and anti-
microbial peptides in young chicks infected with Salmonella. Javier 
S . Garcia* and Eric A . Wong, Virginia Tech, Blacksburg, VA.

Salmonella is a major human foodborne pathogen that is able to colo-
nize the gastrointestinal tract of chickens . In this study, we evaluated 
the effect of a Salmonella infection on the gene expression of various 
nutrient transporters (Na+-independent neutral amino acid transporter, 
b°+AT; Excitatory amino acid transporter-3, EAAT3; Glucose trans-
porter-2, GLUT-2; Zinc Transporter, ZnT1) and an antimicrobial 
peptide (liver expressed antimicrobial peptide-2, LEAP-2) in the small 
intestines and ceca of young broiler chicks . One hundred male broilers 
chicks were obtained from a commercial hatchery and were divided 
into 4 groups of 25 chicks each . On d 3, all chicks within one group 
were challenged with 1 of 3 Salmonella Typhimurium levels (106, 107, 
108 cfu) while the control group was challenged with sterile saline . On 
d 7, 9 and 11, 6 chicks from each group were randomly selected and 
subjected to necropsy . Mucosa samples were taken from the duodenum, 
jejunum, ileum and ceca . Total RNA was extracted and gene expression 
was determined using real time PCR. No significant differences (P > 
0 .05) were observed between control and challenged groups except for 
expression of the basolateral zinc transporter in the duodenum, which 
was downregulated in challenged birds . The decrease in expression of 
the zinc transporter would increase intracellular zinc, which could be 
beneficial to the growth of Salmonella within enterocytes .

Key Words: Salmonella, transporters, antimicrobial peptide, broiler, 
gene expression

74   Feed supplementation with the red seaweeds Chondrus cris-
pus and Sarcodiotheca gaudichaudii reduce Salmonella Enteritidis 
in layer hens. Garima Kulshreshtha*1,2, Bruce Rathgeber1, Martine 
Boulianne3, Lehoux Brigitte3, Glenn Stratton2, Nikhil Thomas1, Alan 
Critchley4, Jeff Hafting4, and Balakrishnan Prithiviraj2, 1Dalhousie 
University, Halifax, Canada, 2Faculty of Agriculture, Truro, Canada, 
3Université de Montréal, St-Hyacinthe, Canada, 4Acadian Seaplants 
Limited, Dartmouth, Canada.

Reduction of colonization by Salmonella Enteritidis (SE) in laying hens 
is important to provide safer eggs and minimize the spread of human 
salmonellosis . Antibiotics have been widely used to control bacterial 
diseases in broilers and laying hens . This use has been a major concern 
due to antibiotic resistance and adverse changes in antibiotic treatment 
on animal digestive flora. Thus, there is great interest in developing 
alternatives to antibiotics such as prebiotics . In the present study the 
effect of feed supplemented with the red seaweeds Chondrus crispus 
and Sarcodiotheca gaudichaudii were examined in late-phase White 
Leghorns . Ninety-six laying hens (in lay) were completely randomized 
to 6 treatment groups . Aureomycin (CTC) was used as positive control; 
basal layer diet was used as negative control; and 4 treatment groups 
were fed a diet containing one of the following; 2% and 4% Chondrus 
crispus (CC2, and CC4) and the same 2 levels of Sarcodiotheca gaudi-
chaudii (SG2 and SG4) . After 5 weeks of feed supplementation, 48 birds 
were challenged orally with 2 × 109 cfu/mL of Salmonella Enteritidis . 
Eggs and fecal samples were collected 1, 3, 5 and 7 d post inocula-
tion . Birds were euthanized and organs (ceca, ovary) were evaluated 
for SE colonization 7 d after inoculation . Fecal enumeration showed 
that antibiotic (CTC) prevented SE colonization in the intestinal tract 
3 d post inoculation. SG2, CC2 and CC4 treatments were significantly 
effective in reducing SE fecal colonization . Fecal samples from CC4 

supplemented birds were SE negative on d 5 and 7 post inoculation . 
SE colonization of the ceca was also significantly reduced in birds fed 
2% SG and 4% CC. No significant differences were observed in serum 
AST and sodium within the treatments . However, serum albumin levels 
were higher with SG2, CC2 and CC4 treatments . Results indicate that 
feeding diets containing 2% SG and 4% CC are effective in providing 
resistance to Salmonella Enteritidis colonization in laying hens .

Key Words: Salmonella Enteritidis, red seaweed, Chondrus crispus, 
Sarcodiotheca gaudichaudii

75   Development of PCR primer sets for Heterakis gallinarum, an 
important vector for Histomonas meleagridis. Miguel A . Barrios*, 
Anna P . Kenyon, Caitlin E . Harris, and Robert B . Beckstead, Univer-
sity of Georgia, Athens, GA.

Heterakis gallinarum is a cecal worm and the most important vector 
for Histomonas meleagridis, the causative agent of Blackhead disease . 
Currently, the only way to diagnose H. gallinarum is via microscopic 
examination . While this method may be effective, the development of 
a PCR procedure would allow for a more rapid, specific methodology. 
Therefore, the objective of this study was to develop sets of PCR primers 
that allow for the detection of H. gallinarum DNA from different types 
of samples . A partial 18s ribosomal sequence for H. gallinarum was 
used to create 3 primers sets . Each primer set released a band fragment 
of different sizes ranging from 500 to 1000 base pairs . Thirty spent hens 
were sampled to gather H. gallinarum worms and roundworms . From 
these hens, 10 samples of H. gallinarum and 3 samples of roundworms 
were obtained . A sample of H. gallinarum worms was incubated in PBS 
at 42°C for 3 d to allow them to produce eggs . Roundworms were tested 
to determine the specificity of the primer sets. PCR results showed that 
H. gallinarum eggs were positive for H. meleagridis . Furthermore, low 
annealing temperatures did not provide specificity for H. gallinarum 
worms because roundworm DNA also tested positive . A follow-up 
experiment was set up to determine the optimal annealing temperature 
to rule out roundworm DNA . PCR results showed that all 3 primer sets 
were specific for H. gallinarum at an annealing temperature of 70°C . 
Because all 3 primer sets were successful in detecting H. gallinarum 
DNA, a multiplex PCR diagnostic test may be developed to further 
increase the sensitivity of the primer sets. The significance of this 
research lies in that H. meleagridis may be difficult to study because it 
is an anaerobic organism, so H. meleagridis can only survive minutes 
in the environment . Using H. gallinarum as a surrogate organism for 
Blackhead disease would result in a better prediction of the Blackhead 
disease status of farms . Future works may focus on the study of the 
epidemiology of Blackhead disease in affected farms via H. gallinarum 
PCR diagnostic test .

Key Words: Histomonas meleagridis, Heterakis gallinarum, Blackhead 
disease, turkey, broiler

76   Effect of environmental temperatures and nicarbazin levels 
on broilers challenged with Eimeria spp. Manuel J . Da Costa*1, 
Ken W . Bafundo2, Hector M . Cervantes2, Emily A . Kimminau1, Lor-
raine Fuller1, and Gene M . Pesti1, 1University of Georgia, Athens, GA, 
2Phibro Animal Health Corp., Teaneck, NJ.

Previous work has shown that reduction of environmental temperatures 
(ET) might be beneficial when raising broilers fed diets with nicarbazin 
(NIC) . Two experiments were conducted to determine whether these 
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favorable effects would be present when broilers were challenged with 
Eimeria spp . In each experiment, 1,920 d-old male Cobb 500 were 
placed in 48 pens divided between 2 rooms . ET treatments consisted 
of a standard (S) that followed breeder recommendations and a low (L) 
ET profile set 3°C lower after the first 2 d. There were 3 NIC inclusion 
levels (0, 100 and 125 ppm) in starter (0 to 18d) and grower feeds (19 to 
28d) . Cloacal temperatures (CT) were measured on 3 birds per pen every 
7d . Birds were challenged on d12 with Eimeria acervulina, Eimeria 
maxima, and Eimeria tenella . Intestinal gross lesions scores (Johnson 
and Reid, 1970) were performed on 2 birds per pen 6 d post-challenge . 
Data were analyzed as a CRBD with a 2 × 3 factorial arrangements of 
treatments with the 2 experiments as blocks . On d18 lowering ET (P 
= 0 .021) or feeding 100 ppm of NIC (P < 0 .001) increased BW gain . 
Conversely, on d 28 low ET (P < 0 .001) resulted in lower BWG . NIC 
effects (P < 0 .001) were consistent on d 28, where 100 and 125 ppm 
increased BW gain by 132 and 102 g, respectively, compared with birds 
not fed NIC . AdjFCR was improved (P = 0 .038) by 0 .03 g/g in birds 
exposed to low ET at 18 d . However, on d 28 lowering ET increased 
(P = 0 .038) adjFCR by 0 .03 g/g . Feeding 100 and 125 ppm decreased 
adjFCR by 0 .09 and 0 .08 g/g respectively, when compared with 0 
ppm on d 28 . Lowering ET resulted in (P < 0 .001) lower CT across 
the experiment . Both 100 and 125 ppm NIC were shown to reduce CT 
after d 21 of age . As a consequence, lowering ET (P < 0 .001) reduced 
mortality of birds fed NIC by 2 .8 and 7 .7% respectively comparing to 
S ET birds . Feeding NIC lowered (P < 0 .001) gross lesions scores for 
the 3 Eimeria spp. In conclusion, low ET was shown to be beneficial 
for mortality reduction across the experiment and performance at 18 
d; however, as the Eimeria infection progressed with age, lowering ET 
was detrimental to bird performance .

Key Words: nicarbazin, environmental temperature, Eimeria, broiler

77   Avian β-defensin 10 expression is synergistically induced by 
butyrate and forskolin in chickens. Kelsy J . Robinson*, Lakshmi 
T . Sunkara, and Glenn Zhang, Oklahoma State University, Stillwater, 
OK.

Public concern over antimicrobial resistance from routine use of in-feed 
antibiotics demands the development of antibiotic-free strategies for 
disease control and prevention . Several classes of dietary compounds 
are capable of inducing the synthesis of a large array of host defense 
peptides (HDP), which are critical components of innate immunity . 
Supplementation of some of these HDP-inducing compounds has led to 
enhanced bacterial clearance in chickens, suggesting their potential as a 
novel class of antibiotic alternatives for poultry applications . Butyrate is 
a major species of short-chain fatty acid produced naturally by bacterial 
fermentation in the chicken cecum, whereas forskolin is a natural labdane 
diterpene produced by the Indian Coleus plant . This study sought to 
evaluate the potential of butyrate and forskolin to augment chicken HDP 
synthesis and innate immunity . Chicken HD11 macrophage cells as well 
as live animals were treated with both compounds individually and in 
combination, and the expression of chicken HDP genes (as exemplified 
by avian β-defensin 10) was evaluated by real-time PCR. Our results 
indicated that the avian β-defensin 10 is significantly increased by up to 
20-fold in HD11 cells in response to treatment with 1 to 2 mM butyrate 
and 5 to 10 μM forskolin for 24 h . Furthermore, stimulation of HD11 
cells with 2 mM butyrate and 5 μM forskolin synergistically increased 
avian β-defensin 10 mRNA expression by at least another 3-fold relative 
to butyrate or forskolin alone . Importantly, a drastic synergy in HDP 
induction was observed between butyrate and forskolin in the jejunum 
of chickens 24 h after supplementation of 1 g/kg of sodium butyrate in 
combination with 5 or 10 mg/kg of forskolin in the feed . The ability of 
butyrate and forskolin to synergistically augment avian β-defensin 10 

expression alludes to their viability as novel antibiotic alternatives for 
disease control and prevention .

Key Words: host defense peptide, butyrate, nutritional immunology, 
innate immunity, antibiotic alternatives

78   Effect of in vitro 25-hydroxycholecalciferol treatment of 
lipopolysaccharide on heterophil nitrite production and in vivo 
effects of 25-hydroxycholecalciferol supplementation on turkey 
poults during a coccidial challenge. Antrison Morris* and Ramesh 
Selvaraj, The Ohio State University, Wooster, OH.

Two experiments were conducted to study the effects of 25-hydroxycho-
lecalciferol 25(OH)D in vitro treatment on heterophil nitrite production 
post-lipopolysaccharide (LPS) challenge and the effects of 25(OH)
D in vivo supplementation in turkey birds post-coccidial challenge . 
Heterophils were cultured in the presence of 0 or 200 nM of 25(OH)
D and stimulated with 1 μg/mL of LPS for 24 h. 25(OH)D treatment 
increased heterophil nitrite production by approximately 3-fold (P = 
0 .02), compared with the control group with 0 nM of 25(OH)D . Turkey 
poults were fed a basal diet supplemented with 25(OH)D at 27 .5, 55, 
82 .5 or 110 µg/kg and at 21 d of age orally challenged with 1 × 104 
live coccidia oocysts . At 21 d of age, there was a trend in increasing 
the mean BW of birds supplemented with 25(OH)D at 82 .5 µg/kg (P = 
0 .09) . Compared with the control birds fed similar levels of 25(OH)D 
and unchallenged with the coccidia oocyst, birds challenged with the 
coccidia oocyst had 20, 13 and 24% increased (P = 0 .01) BW gain in 
the groups supplemented with either 27.5, 55 and 82.5 μg/kg of 25(OH)
D and a 3% reduced BW gain in birds fed 110 μg/kg of 25(OH)D (P = 
0 .01) . At d 7 post coccidia challenge, in birds challenged with coccidia 
oocysts, birds fed 55, 82 .5 and 110 µg/kg 25(OH)D had 1 .71, 1 .21 and 
1 .90 fold (P < 0 .01) increase and those fed 27 .5 µg/kg 25(OH)D had 1 .34 
fold decrease in IL-1β mRNA amounts in the cecal tonsils compared with 
control birds fed 27 .5 µg/kg 25(OH)D and not challenged with coccidial 
oocyst . In conclusion, 25(OH)D treatment increased heterophils nitrite 
production post-LPS challenge and increased BW gain and cecal tonsil 
IL-1β mRNA post-coccidial challenge.

Key Words: heterophil, 25-hydroxycholecalciferol, coccidia, inter-
leukin-1, turkey

79   Immune response of layer chickens vaccinated in ovo for 
F-strain Mycoplasma gallisepticum. Katie E . Collins*1, Scott L . 
Branton2, Jeff D . Evans2, Sharon K . Womack1, and Edgar D . Peebles1, 
1Department of Poultry Science, Mississippi State University, Missis-
sippi State, MS, 2USDA-ARS, Mississippi State, MS.

Mycoplasma gallisepticum (MG) causes respiratory disease in poultry 
with a decrease in egg production in layer chickens . Layers are normally 
vaccinated for MG during pullet rearing . The objective of this research 
was to determine if in ovo vaccination for MG is a viable alternative 
vaccination route with the capability to induce immunity in layers by 6 
wk of age (woa) post-hatch . Live embryonated eggs from an MG-clean 
Hy-Line W-36 breeder flock were either non-injected or administered a 
50-μL injection volume of either diluent only (Poulvac Marek’s diluent) 
or high (1× resuspended vaccine), medium (10−2 dilution), low (10−4 
dilution), or low-low (10−6 dilution) doses of an F-strain MG vaccine 
(Poulvac Myco F) at 18 d of incubation . The vaccine was resuspended 
and diluted in Poulvac Marek’s diluent . Hatched chicks (85) from each 
treatment were raised in 6 2 .4 m × 2 .4 m isolation chambers (1 per treat-
ment) . Mortality was recorded daily . At 6 woa, all birds were weighed, 
sexed, and bled for serum plate agglutination (SPA) and ELISA testing 
for the presence of antibodies against MG . The BW data were analyzed 
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using the general linear model, distinguishing sex and treatment differ-
ences by least squared means comparisons (SAS 9 .4) . The SPA, ELISA, 
and mortality data were not analyzed due to lack of replication . For 
the remaining live birds at 6 woa (85 controls, 84 diluent, 82 low-low, 
39 low, 23 medium, and 9 high), positive SPA results were 0%, 1 .2%, 
46 .3%, 97 .4%, 91 .3%, and 88 .9% in the control, diluent, low-low, low, 
medium, and high doses, respectively . Positive ELISA tests were 0%, 
28 .0%, 87 .2%, 78 .3%, and 88 .9% in the control and diluent, the low-low, 
low, medium, and high doses, respectively . BW were lower in higher 
doses and in females (P = 0 .0014) . These results indicate that in ovo 
vaccination of MG does activate the humoral immune response of layer 
chickens by 6 woa with increasing stress (decreased BW of survivors) at 
higher doses . The low-low dose, the most practical dose (least mortal-
ity), would require further testing to determine if this immune response 
would be adequate against a field strain challenge.

Key Words: in ovo, vaccine, Mycoplasma gallisepticum, layer, embryo

80   Epigenetic characterization of the effect of folic acid on 
chicken B cell receptors methylation patterns and mRNA expres-
sion. Ori Elad*1, Juan Carlos Rodriguez-Lecompte1, Shayan Sharif2, 
and Patricia McKenna1, 1University of Prince Edward Island, Char-
lottetown, PE, Canada, 2University of Guelph, Guelph, ON, Canada.

Our aim was to characterize the effect of Folic acid (FA) on promoter 
methylation profiles and gene expression of toll-like receptors (TLR) 2b, 
TLR4, Igβ and Major histocompatibility complex II (MHC II) on chicken 

B cells . B cells were incubated with 0, 1 .72 or 3 .96 mM of folate (FA) 
for 4 h (h), and followed by a 0, 1, or 10 µg/mL of lipopolysaccharide 
(LPS) challenge for 4 more h . Genomic DNA methylation patterns 
and mRNA gene expression were analyzed by bisulfite conversion, 
sequencing, and real time PCR . Results show a positive association (P 
< 0 .001) between FA concentration (conc .) and percent of methylation 
(%M) in Igβ promoter region at 4 and 8 h; and a negative association (P 
< 0 .001) between FA conc . and %M of MHC II promoter region at 4 h . 
However there was only a positive association (P < 0 .03) between %M 
and TLR4 gene expression at 4 h . Interestingly there was an interaction 
between FA conc . and time affecting TLR2b gene expression (P < 0 .03) . 
Incubation time affected the gene expression of all other genes except 
TLR2b . Under challenge conditions, there was an interaction between 
FA and LPS conc. in Igβ gene expression (P < 0 .03); however, LPS 
concentration affected only TLR2b gene expression (P < 0 .001) . Real 
time PCR analysis shows that FA conc . upregulated TLR2b and MHC 
II at 4 h; conversely, at 8 h there was a downregulation of TLR2b and 
an upregulation of Igβ. Interestingly, low FA and LPS conc. upregulated 
Igβ; conversely at high FA and LPS conc. Igβ was downregulated. In 
conclusion, under T independent antigen stimulation, FA may act as an 
immune modulator, regulating the expression of B cell receptors . Those 
effects are FA concentration, time, and LPS dose dependent . For the 
first time, FA immune modulatory effects on chicken B cells are demon-
strated, involving effects on both innate and adaptive immune responses .

Key Words: TLR2, RLR4, Igβ, MHCII, folate
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Student Competition: Metabolism and Nutrition: Enyzmes

81   The influence of regular and high doses of phytase on broiler 
growth performance and ileal nutrient utilization following the 
application of a phytase matrix. Laura A . Beeson*1, Carrie L . Walk2, 
Michael R . Bedford2, and Oluyinka A . Olukosi1, 1Monogastric Sci-
ence Research Centre, SRUC, Edinburgh, United Kingdom, 2AB Vista 
Feed Ingredients, Marlborough, United Kingdom.

Three hundred and 84 Ross 308 broilers were allocated to 6 dietary 
treatments for 21 d . Diets were a nutritionally adequate positive con-
trol (PC) and a negative control diet (NC; deficient in aP by 0.15% 
and Ca by 0 .16%, relative to the PC), with each of NC and PC diets 
supplemented with 0, 500 or 1,500 FTU/kg phytase resulting in a 3 × 
2 factorial . Each treatment had 8 replicates with 8 birds per replicate . 
Bird and feed weights were recorded on d 0 and 21 . Ileal digesta was 
collected on d 21 and pooled for determination of nutrient digestibility . 
Data were analyzed using the least squares fit model of JMP Pro 11 and 
means separated using orthogonal contrasts . Body weight gain (BWG) 
increased (quadratic, P < 0 .0001) as phytase supplementation increased 
in the PC and NC diets . However, the response was greater in birds fed 
the NC, resulting in a phytase × aP interaction (P = 0 .003) . There was no 
effect of phytase, aP or the interaction on FI . Phytase supplementation, 
regardless of the aP level in the diet, improved (quadratic, P = 0 .023) 
feed conversion ratio (FCR) from 1 .56 to 1 .40 and 1 .42 in the diets with 
0, 500 or 1,500 FTU/kg of phytase, respectively. There were significant 
phytase × aP interactions (P < 0 .01) for ileal DM and N digestibility, 
whereas DM and N digestibility was increased (quadratic, P < 0 .01) in 
birds fed the NC as phytase supplementation increased, but there was no 
effect of phytase supplementation in birds fed the PC . Ileal P digestibility 
was not influenced by phytase, aP or the interaction, but Ca digestibility 
decreased from 41 to 31% as aP (P = 0 .002) increased . Ileal Ca digest-
ibility also decreased (linear, P < 0 .001) as phytase supplementation 
increased . Reduced dietary Ca and aP can be implemented along with 
the use of phytase, with these results highlighting the detrimental influ-
ence of high Ca on P digestibility .

Key Words: phytase, broiler, matrix, growth, digestibility

82   Effects of an Escherichia coli phytase on long-term per-
formance and egg qualities of white egg layers. Abiodun Bello*1, 
Yueming Dersjant-Li2, Peter Plumstead2, and Douglas R . Korver1, 
1University of Alberta, Edmonton, AB, Canada, 2Danisco Animal 
Nutrition, Marlborough, UK.

Limited data are available on long-term phytase use in laying hens . The 
effects of Escherichia coli (expressed in Schizosaccharomyces pombe) 
phytase in the diet of Lohmann LSL Lite hens from 30 to 70 wk of age, 
on daily egg production (EP), body weight (BW), feed intake, feed 
conversion ratio (every 4 wk); and Haugh units, specific gravity, and 
egg-shell thickness, shell breaking strength, and shell as a proportion of 
egg weight (every 8 wk) were studied . A positive control (PC; nutrition-
ally balanced diet) and negative control (NC; PC diet with Ca and avP 
reduced by 0 .134 and 0 .146%, respectively) treatments were compared 
with the NC + E. coli phytase (300 FTU/kg; NC+Phy) treatment . Four 
birds were housed in each of 38 cages per dietary treatment . Effects 
were considered significant when P ≤ 0.05. There were no treatment × 
age interactions . Birds fed NC+Phy had higher EP (95 .2 ± 0 .22%) than 
PC (94 .4 ± 0 .22%) or NC (94 .1 ± 0 .22%, P = 0 .002) birds . Also, BW 
was higher in birds fed NC+Phy (1 .73 ± 0 .012 kg) or PC (1 .72 ± 0 .012 
kg) diets than those fed NC (1 .69 ± 0 .012 kg; P = 0 .036) . The lack of 
treatment effects on egg and egg-shell qualities suggest the levels of 

Ca and avP in the NC diet were not sufficiently reduced to affect the 
parameters . In addition, hens fed the NC diet may have utilized body 
reserve Ca and P to maintain egg qualities at the expense of EP and 
BW . The likely increase in availability of P and other nutrients bound 
to phytate made possible by the phytase may have been sufficient to 
increase hen EP and BW . Evidently, inclusion of E. coli phytase at 300 
FTU/kg maintained BW and egg production of hens fed diets with 0 .134 
and 0 .146% reduction in Ca and avP levels, respectively . Hence, use 
of the E. coli phytase may allow further reductions in dietary Ca and 
P without reducing performance and egg quality of white egg layers .

Key Words: available P, calcium, egg production, Escherichia coli 
phytase, layers

83   Effect of phytase in low phosphorus diets on performance, 
shell quality, and bone-breaking strength in pullets and layers. 
Koonphol Pongmanee* and Douglas R . Korver, University of Alberta, 
Edmonton, AB, Canada.

Although phytase is an important feed enzyme for poultry, there is 
limited information on its use over the life of laying hens . In this experi-
ment, efficacy of an Escherichia coli 6-phytase (Quantum Blue) in laying 
hens was determined from 0 to 54 wk of age . White egg layer pullets (n 
= 400) were obtained at 1 d of age, housed in one of 50 Specht pullet-
rearing cages (n = 8 per cage) and moved to individual cages (n = 50 
to 52 per treatment) at 19 wk of age . Pullets were allocated to 5 dietary 
treatments: a positive control (PC), a nutritionally complete corn-soy-
canola-based diet phase-fed according to the primary breeder manage-
ment guide; a negative control (NC) diet similar in nutrient content to 
the PC diet but reduced in available P (by 0 .15%), Ca (by 0 .16%) and 
Na (by 0 .035%); and the NC diet supplemented with either 300, 600 
or 1,200 FTU phytase/kg . Diets were fed as a mash . Body weight, egg 
production, egg weight and shell quality were measured every 4 wk . 
At each of 6, 15, 18, 42 and 54 wk of age, the right femur was excised 
post-mortem from 8 birds per treatment, and bone breaking strength 
determined . The mixed procedure was used for statistical analysis; dif-
ferences were considered significant at P < 0 .05 . Weight gain and feed 
efficiency were increased in the 1,200 FTU phytase/kg group compared 
with the NC group from 7 to 12 wk of age . At 42 wk of age, the 600 
and 1,200 FTU phytase/kg treatments each increased (P = 0 .0245) bone 
breaking strength compared with the NC diet . At 54 wk of age, phytase 
did not affect body weight (1659 .94 ± 56 .87 g), feed intake (116 .75 ± 
1 .54 g), egg production (95 .88 ± 0 .80%), egg weight (61 .30 ± 0 .64 g) 
or egg specific gravity (1.081 ± 0.001). In contrast, 300 FTU phytase/
kg supplementation increased shell-breaking strength compared with 
the other treatment groups (P = 0 .0023) . Phytase supplementation in the 
long term increased bone and shell quality and can be used to reduce 
diet supplementation with inorganic phosphorus .

Key Words: phytase, phosphorus, shell quality, bone-breaking strength, 
laying hen

84   A dosimetry evaluation of four phytase enzymes on broiler 
live performance to 21 days of age. M . M . Kost* and J . Brake, Pre-
stage Department of Poultry Science, North Carolina State University, 
Raleigh, NC.

The effects of phytase supplementation on feed intake, BW, and feed 
conversion ratio (FCR) of male broilers reared to 21 d of age were 
evaluated . A total of 1,152 Ross 708 × 344 male broilers were fed 16 
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corn-SBM based diets with 6 replicates each . The diets included 4 
control diets with 0 .2, 0 .3, 0 .4, and 0 .5 (A1-A4) available phosphorus 
(AvP) along with 12 phytase supplemented diets . The 12 phytase dietary 
treatments were created by amending a 0 .2 AvP and 0 .8% Ca basal diet 
with 3 different experimental phytase enzymes (B1–3, C1–3, D1–3) and 
one commercially available phytase (E1–3) at 3 dosages . Diets B1–3 
and C1–3 were supplemented at 1000, 2000, and 4000 FTU/kg, while 
diets D1–3 and E1–3 were supplemented at 500, 1000, and 2000 FTU/
kg . All diets were fed in mash form using 800-µm roller mill corn . All 
data were calculated and analyzed using PROC GLM to determine 
least squares means . The higher dosages of phytase generally exhibited 
an improved average BW (P < 0 .01) at 21 d when compared with the 
controls and some of the lower dosages, with the exception of phytase 
C diets . Increased dosage of phytase C decreased BW at 21 d . The 1000 
and 2000 FTU/kg dosages of the C, D, and E enzymes exhibited greater 
BW (P < 0 .01) at 21 d as well . Uniformity was determined using the aver-
age coefficients of variation (CV) and ranges for individual BW within 
each pen of each dietary treatment . The phytase enzymes exhibited a 
decreasing trend of CV as dose increased, with the exception of phytase 
C that produced an increase . Both phytase enzymes C and E exhibited a 
numerical increase (P < 0 .10) in BW range as dosage increased . Control 
treatments A1 and A4 exhibited the lowest BW, CV, and range when 
compared with all other treatments . Feed consumption to 21 d (P < 0 .01) 
increased with enzyme dosage and BW . Similar or greater improvements 
in FCR were observed with phytase C and D as dosage increased when 
compared with the controls . Diets B3, C1, C2, D3, and E3 exhibited 
the best live performance values (P < 0 .01) compared with all control 
treatments . It was surprising that certain enzymes improved FCR with 
increasing dosage while others had an opposite effect .

Key Words: broiler, phytase, mash diets, AvP, uniformity

85   Effect of whole flax seed and enzyme addition on production 
performance and tissue fatty acids in broiler chickens. K . Denise 
Apperson* and Gita Cherian, Oregon State University, Corvallis, OR.

Increased consumption of n-3 fatty acids (FA) can improve chronic 
inflammatory conditions. Poultry meat enriched in n-3 FA can increase 
daily intakes . Flax seed is a rich source of a-linolenic acid (ALA) . 
Feeding broilers diets containing flax seed can increase n-3 FA in meat 
tissues, but non-starch polysaccharides (NSP) in flax reduce digestibility 
and have a negative effect on performance . Addition of carbohydrase 
enzymes to flax-based broiler diets can reduce the effects of NSP. The 
present study evaluates the effect of dietary flax seed and enzymes on 
performance and incorporation of n-3 FA in meat tissues of broiler birds . 
On d 4, 120 birds were weighed then assigned to one of 3 treatments: 
Control (corn-soybean meal), Flax (Control adjusted for 15% flax), and 
Flax+E (Flax + 0 .05% enzyme) . Omegazyme (Canadian Biosystems) 
contains cellulase (2800 U/g), xylanase (1000 U/g), glucanase (600 
U/g), and mannanase (400 U/g) . On d 20 and 35, birds were weighed 
and feed consumption recorded . On d 36, 8 birds from each treatment 
were euthanized . Tissue samples (heart, liver, abdominal fat pad, right 
breast, right thigh) were collected . Total lipids were extracted and fatty 
acid methyl esters were prepared and separated by gas chromatography . 
Relative to control, flax-fed birds had higher final body weight (P = 
0 .008), average daily gain (P = 0 .008), and lower feed:gain (P = 0 .01) . 
In thigh and breast tissues of flax-fed birds, there was an increase in 
ALA (P < 0 .001) and decrease in total n-6 FA (P < 0 .002) . Over 7 .9- 
and 24-fold increases in long chain (LC) n-3 PUFA were observed in 
thigh and breast tissue of Flax+E birds compared with Control (P < 
0 .001) . The increase in LC n-3 PUFA in meat tissues of Flax+E birds 
provides evidence that carbohydrase enzymes enhance the availability 
of ALA for LC n-3 PUFA synthesis . Feeding broilers diets containing 

flax seed can provide the consumer with a healthy product enriched 
in LC n-3 PUFA .

Key Words: n-3 fatty acid, polyunsaturated fatty acid, carbohydrase, 
flax, broiler

86   Hepatic triacylglycerol content and fatty acid distribution in 
lipid classes: effect of dietary flax seed and carbohydrase enzyme 
in broiler chickens. Brian A . Head*, K . Denise Apperson, and Gita 
Cherian, Department of Animal and Rangeland Sciences, Oregon State 
University, Corvallis, OR.

In broiler chickens hepatic lipid metabolism plays a significant role for 
whole body and muscle fatty acid (FA) incorporation . Flax seed is a 
rich source of α-linolenic acid, and can be used to increase n-3 FA in 
poultry meat. Previous studies have shown that flax seed in combina-
tion with enzymes in broiler diets enhances long chain (LC) n-3 FA . 
The present study was conducted to evaluate the effect of flax seed and 
carbohydrase enzyme addition on hepatic triacylglycerol (TAG) con-
tent and distribution of n-3 and n-6 FA between TAG and phospholipid 
classes (phosphatidyl choline, PC; phosphatidylethanolamine, PE) 
of broilers . Liver (n = 8) were collected from broilers fed isocaloric, 
isonitrogenous corn-soy diets: Control (0% Flax), Flax (15% flax), and 
Flax+E (Flax+0 .05% enzyme) (Omegazyme, containing cellulase (2800 
U/g), xylanase (1000 U/g), glucanase (600 U/g), and mannanase (400 
U/g) . Total lipids were subjected to TAG analysis . Lipid classes (TAG, 
PC, PE) were separated and subjected to fatty acid analysis . TAG was 
lowest in hepatic tissue of Flax and Flax+E compared with Control 
(P = 0 .0002) . A 3-fold increase in total n-3 FA was observed in PE of 
Flax+E compared with Control (P = 0 .001) . Long chain n-3 FA were 
incorporated into the PE and PC fraction (>10–14%), leaving a limited 
amount (<2 .8%) in the TAG fraction . Relative to Control, Flax and 
Flax+E had increased LC n-3 FA in PC and PE (P = 0 .001) . Enzyme 
addition led to a significant increase in LC n-3 FA deposition in PE but 
not in PC of Flax+E vs . Flax . Total saturated fats in the TAG of Flax+E 
birds were lower than Flax and Control (P = 0 .07) . De novo fatty acid 
synthesis occurs exclusively in the liver in chickens, and LC-n-3 FA from 
PC and PE are preferentially incorporated into muscle cell membranes . 
Therefore, understanding how enzyme supplementation controls broiler 
hepatic lipid metabolism is critical to formulating diets that can reduce 
saturated fats and increase LC n-3 FA in poultry meat .

Key Words: n-3 fatty acid, triacylglycerol, lipid class, carbohydrase, flax

87   Evaluation of increasing phytase and inositol levels on male 
broiler growth performance. H . G . Walters*1, R . D . Brister2, M . 
Hruby3, and J . T . Lee1, 1Poultry Science Department, Texas A&M AgriL-
ife Research, College Station, TX, 2Tyson Foods, Springdale, AR, 3Dan-
isco Animal Nutrition, DuPont Industrial Biosciences, St. Louis, MO.

The objective of the current study was to evaluate the effect of increas-
ing levels of phytase and inositol in corn-soy diets fed to male broilers . 
The experimental design consisted of 6 diets with a control consisting 
of a standard corn-soybean meal diet with the inclusion of LO-DDGS, 
meat and bone meal, and phytase at 600 FTU/kg . Dietary treatments 
were created with the inclusion of inositol at 0 .5 kg/t, 1 .0 kg/t, and 2 .0 
kg/t into the control diet and increasing phytase levels to 1200 FTU/kg 
and 1800 FTU/kg in the control diet . All diets included a multienzyme 
complex (Axtra XAP 102 TPT) . A total of 2,580 male broilers were 
assigned to one of the 6 experimental diets with 10 replicates of 43 
birds. Birds were fed a starter (d1–15), grower (d 15–28), and finisher (d 
28–41) and all diets were pelleted at 70°C with a 20 s conditioning time . 
Average body weight (BW), mortality adjusted feed conversion ratio 
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(FCR), feed consumption (FC), and mortality were determined on d 15, 
28, and 41 which coincided with dietary changes . Inclusion of inositol 
into the control diet did not affect any evaluated parameter throughout 
the trial when compared with the control diet except the inclusion of 
inositol at 2 .0 kg/tonne increasing (P < 0 .05) observed mortality rate 
during the finisher phase of production. Increasing the level of phytase 
from 600 FTU/kg in the control diet to 1200 FTU/kg and 1800 FTU/kg 
increased (P < 0 .05) feed consumption during the starter, grower, and 
cumulatively through d 28 which resulted in an increase in body weight 
on d 28 compared with the control . The highest level of phytase (1800 
FTU/kg) increased (P < 0 .05) feed conversion ratio (FCR) during the 
starter phase . At the conclusion of the trial, no differences were observed 
in final body weight and FCR. In conclusion, the addition of inositol 
individually (up to 2 .0 kg/tonne) did not affect growth performance as 
was seen with increasing levels of phytase .

Key Words: phytase, inositol, broiler, performance, growth

88   Evaluation of post-pellet vacuum coating on protection of 
xylanase and effect on broiler performance when fed wheat-rye-
based diets. Santosh Lamichhane*, Khalil Sahtout, John Smillie, and 
Tom A . Scott, University of Saskatchewan, Saskatoon, SK, Canada.

An experiment was conducted to evaluate the effect of vacuum coating 
(VC) on post-pellet application of xylanase enzyme and its effect on 
broiler performance when fed wheat-rye-based diets . Twelve diets were 
produced based on 3 enzyme addition methods [EAM; without enzyme 
(E-), enzyme added pre-pelleting (PreE+) and post pellet enzyme addi-
tion (PosE+)], 2 conditioning temperatures (CT; 65 and 95°C) and 2 
coating methods (CM; without (VC-) and with (VC+; 0 .3 bar, 1 min 
mixing) vacuum application) . The diets were fed to 360 Ross 308 male 
broilers in 2 phases (starter; 10–21d (5 birds × 6 cages/diet) and grower/
finisher; 21–35d (5 birds × 3 cages/diet)) to determine performance 
and digestibility . Enzyme activity, extract viscosity and pellet durabil-
ity index (PDI) of pellets were determined . A completely randomized 
block design based on 3 EAM × 2 CT × 2 CM was used . There was a 
significant (P = 0 .03) 3-way interaction on 21d body weight, while only 
PreE+ and PosE+ improved (P < 0 .01) average weight at 35d . There were 
no significant treatment effects on feed intake of starter; however, 95°C 
CT reduced (P < 0.05) feed intake of grow/finish diets. Feed efficiency 
was significantly (P < 0 .05) improved by enzyme addition (PreE+ and 
PosE+) and 95°C CT . There was a 3-way interaction (P = 0 .04) on digesta 
viscosity (cps) for birds sampled at 21 d (starter diets); whereas only 
EAM (P < 0.05) was significant at 35d. There was also a 3-way interac-
tion on pellet extract viscosity of starter (P = 0.05) and grow/finish (P 
= 0.07) diets. High temperature significantly (P < 0 .01) improved PDI . 
Enzyme activity of post pellet enzyme coated diets was significantly 
(P = 0 .04) improved by VC+ . Enzyme addition (PreE+ and PosE+) and 
high CT increased (P < 0 .05) AME of both starter and grower diets . 
Vacuum coating significantly (P < 0 .05) reduced the relative length of 
small intestine of broilers at 21d but not at 35d . In conclusion, VC may 
offer a means of delivery of heat sensitive bioactives in broiler pellets; 
however, more studies are recommended .

Key Words: vacuum coating, bioactives, pellets, xylanase, broiler

89   Effect of xylanase and energy supplementation in Corn/
SBM/DDGS diet fed to commercial laying hens. Roshan Adhikari*1, 
Amy Batal2, and Woo Kyun Kim1, 1University of Georgia, Athens, GA, 
2Huvepharma Inc., Peachtree City, GA.

Supplementation of enzyme to improve nutrient digestibility and use of 
alternative feed ingredients could reduce the cost of dietary energy . An 

experiment was conducted to evaluate the effect of xylanase (Hostazym 
X, Huvepharma Inc .) supplementation in egg production and egg quality 
of laying hens fed different energy density levels of corn/SBM/DDGS 
diets . Ninety-six 32-wk-old laying hens were randomly assigned as one 
bird per cage to 6 experimental diets arranged in 2 × 3 factorial design 
for 12 wks . Experimental diets included 3 levels of energy density 
(2,650, 2,800, and 2,950 kcal/kg adjusted by addition of supplemental 
fat) with and without xylanase enzyme . Egg production, feed intake, 
and egg quality parameters were recorded biweekly . Excreta passage 
time was recorded at wk 4 and 12 . Dual energy x-ray absorptiometry 
(DXA) was used to measure body composition at the end of the study . Fat 
pad weight (FPW) was recorded after DXA measurement . Feed intake 
decreased (P < 0 .002) with increase in energy level at wk 6, 8, 10, and 
12 . Inclusion of xylanase lowered (P < 0 .025) feed intake at wk 6 and 
12 . There was no effect of energy or enzyme in egg production . Inclu-
sion of enzyme improved (P < 0 .021) feed conversion (feed intake/egg 
wt .) (FC) at wk 4, 6, 8 and 10 . Supplementation of enzyme increased 
yolk weight at wk 2; egg weight at wk 4 and 6; albumin weight at wk 
6 and Haugh unit at wk 10. Increasing energy in the diet significantly 
improved FC at wk 4, 6, 10 and 12; increased (P < 0 .044) egg weight 
at wk 4 and yolk weight at wk 2, 4, 6 and 8 . Increase in energy density 
decreased (P < 0.05) specific gravity of eggs at wk 6, 8, and 12. There 
was no effect of energy or enzyme on egg shell weight, egg shell thick-
ness, and excreta passage time. Significant increase in % body fat and 
total fat was observed in birds fed higher energy density diet when 
measured with DXA. FPW was significantly higher in hens fed higher 
energy diets . However, there was no effect of enzyme on FPW . Inclusion 
of enzyme and energy density in hen diets has significant effect on feed 
intake, FC, egg quality parameters and body composition of laying hens .

Key Words: energy density, egg quality, layer, performance, xylanase

90   High levels of dietary phytase increase growth and nutri-
ent digestibility in young broilers. Kailyn R . Beaulac*1, Mike R . 
Bedford2, Andrew Van Kessel1, Karen Schwean-Lardner1, Michael 
E . Kautzman1, Dawn A . Abbott1, and Henry L . Classen1, 1University 
of Saskatchewan, Saskatoon, SK, Canada, 2AB Vista, Marlborough, 
United Kingdom.

Dietary phytate reduces the utilization of minerals, protein and energy 
by broiler chickens and effects may be more pronounced post-hatch 
because the digestive tract is in the process of maturing . This study 
assessed performance and nutrient digestibility in young broilers fed 
0, 500, 1500, and 3000 FTU/kg of dietary phytase (Quantum Blue 5G 
phytase, AB Vista, Marlborough, UK) . The basal diet was formulated to 
contain a high level of phytate (0 .96%), and reduced levels of calcium 
(0 .85%), available phosphorus (0 .32%) and digestible amino acid (AA) 
content (10% below Aviagen recommendations) . Experiment 1 (0 to 5 d 
of age) investigated treatment effects on apparent ileal phytate and AA 
digestibility, and apparent metabolizable energy (AME), while Experi-
ment 2 (0 to 20 d of age) assessed performance indices and the same 
digestibility parameters . The experiment was a completely randomized 
design and data were analyzed using Proc Mixed and Proc Reg of SAS 
9.3. Differences were considered significant when P < 0 .05 . Phytate 
digestibility increased in a quadratic fashion for both 5 (6, 34, 77 and 
89%) and 20 (35, 57, 79 and 91%) d old broilers . In Experiment 2, growth 
rate (linear), feed intake (linear) and gain to feed ratio (quadratic) all 
increased with increasing phytase level over the entire experiment, but 
treatment did not affect these traits at earlier ages . Diet AME was not 
affected by phytase level at 5 d, but showed an increasing linear rela-
tionship with phytase level at 20 d . Amino acid digestibility increased 
linearly with increasing diet phytase at both 5 and 20 d . High levels 
of phytase hydrolyzed the majority of diet phytate in both young and 
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older birds, but the response of nutrient digestibility and performance 
were more consistent in older birds . Overall, the results demonstrate 
high levels of phytase positively affect nutrient digestibility and broiler 
performance .

Key Words: phytate, amino acid, AME, super-dosing

91   The effect of supplementing a heat-stable xylanase in corn-
soy based broiler diets in various dietary phases. I . B . Barasch*1, 
J . L . Grimes1, J . D . Garlich1, J . Tyus2, and J . J . Wang2, 1North Caro-
lina State University, Raleigh, NC, 2BioResource International, Inc., 
Durham, NC.

Carbohydrases, investigated as a way to improve nutrient utilization 
from poultry diets by improving AME allow for a reduction in dietary 
fat, an important, but costly ingredient . A study was conducted to evalu-
ate the efficacy of a heat-stable xylanase (Xyl) in broiler diets when 
supplemented during different dietary phases . Corn-soy diets were fed to 
Ross 344 × 708 male chicks from hatch to 42d . There were 2 formulated 
energy levels, PC (breeder recommendations) and NC (200 kcal/kg ME 
reduction) achieved by removing fat from the formulation . Treatments 
(T, 8) used: (1) PC, (2) PC + Xyl, (3) NC, (4) NC + Xyl, (5) Xyl in 
starter phase (0–14d), (6) Xyl in starter and grower phases (0–28d), 

(7) Xyl in grower and finisher phases (14–42d), and (8) Xyl in finisher 
phase only (28–42d) . For treatments 5–8, during phases receiving Xyl 
supplementation (20,000 XU/kg of feed; Xylamax, BioResource Inter-
national, Inc .), enzyme was included in NC energy level and PC diets 
were fed during remaining phases. Birds were housed in 96 floor pens 
with each T replicated 12 times with 12 birds per pen in a curtain-sided 
house . Bird and feeder weights were collected at 14, 28, and 42d to obtain 
BW gain (BWG), feed intake (FI), and FCR . Data were analyzed using 
JMP 10 with T means separated by LSMeans; T effects were considered 
significant at P < 0.05. Xyl addition during the first 14d increased BWG 
and improved FCR when compared with unsupplemented controls at the 
PC energy level . However, for the remainder of the study no T effects 
were observed on BWG . Cumulative FCR (0–42d) was improved in 
the PC diet over the NC diet (1 .70 vs 1 .74), however the T receiving 
Xyl in the starter (1.71) or finisher (1.71) phases only, had similar FCR 
to those receiving PC throughout the study . In this study, the greatest 
advantage in performance was observed during the starter phase when 
Xyl was supplemented in PC energy level diets . Based on results, it may 
be possible to reduce dietary fat and include Xyl in the finisher phase 
without negatively affecting overall performance . This regimen may 
also provide significant saving in dietary energy costs.

Key Words: xylanase, enzyme, broiler, heat-stable, energy
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92   Effects of controlling mycotoxin exposure from Fusarium-
infected grain on broiler performance and health. Michael E . 
Kautzman*, Mark L . Wickstrom, and Tom A . Scott, University of Sas-
katchewan, Saskatoon, SK, Canada.

This study uses individual kernel sorting technology to provide con-
trolled mycotoxin exposure (primarily deoxynivalenol, DON) from 
Fusarium-damaged grain . Fusarium-damaged kernels (FDK) are associ-
ated with lower CP through Fusarium infestation and higher mycotoxin 
levels . The BoMill TriQ can predict variation in individual kernel CP by 
near infrared transmittance technology and sort grains into 3 commercial 
fractions . Three wheat sources downgraded for FDK were sorted into 
outliers (10%); high FDK (low CP; 20% of source); and low FDK (high 
CP; 70% of source) . These fractions were incorporated at 70% (starter, 
0 - 21d) and 75% (grow/finisher, 21 to 35 d) into 4 diet ratios based 
on high FDK inclusion: M0 (0%); M20 (20%); M40 (40%); and M60 
(60%); providing increasing DON levels compared with the original 
unsorted grain . This provided a 3 (wheat source) × 4 (diet ratios) facto-
rial design . Effects on performance and immunology of broilers were 
evaluated from 0 - 35d . Broiler performances (BW, feed intake (FI), feed 
conversion ratio (FCR), mortality) and digestibility (AME and nitrogen 
retention; NR) were recorded for 0 to 21 d and 21 to 35 d . Three immune 
responses were evaluated: cell-mediated response to phytohemagglutinin 
(PHA); humoral response to bovine serum albumin (BSA) antigen; and 
relative weights of immune tissues . There were no differences (P > 0 .1) 
between diets for BW, FI, FCR, or mortality at 21 or 35 d . There were 
interactions between wheat source and diet ratio for AME and NR (P < 
0 .0001) at 21 and 35 d, but not in a consistent pattern . Although DON 
levels in some diets were greater than 5 ppm, there were no differences 
on PHA (P = 0 .3038) or BSA (P = 0 .2845) assessments . There were 
no differences in relative weights of liver, spleen or bursa of Fabricius 
between diets at either 21 or 35 d . This demonstrates the potential of the 
TriQ to produce naturally contaminated diets with varying mycotoxin 
concentrations from a single wheat source . This technology could be 
used to reduce variation in future evaluations of end-point responses 
and evaluate methods to mitigate lost productivity .

Key Words: broiler, performance, mycotoxicosis, deoxynivalenol, 
Fusarium

93   Nutritional evaluation of canola meal produced from a new 
variety of canola seeds in broiler chickens and laying hens. Mat-
thew F . Gorski*, Pamela L . Utterback, and Carl M . Parsons, University 
of Illinois at Urbana-Champaign, Urbana, IL.

Two broiler chicken experiments and one laying hen experiment were 
conducted. The first experiment evaluated a conventional canola meal 
(Conv CM) in broiler chicken diets from 2 to 37d of age . Treatments 
were replicated 8 times using 5 chickens per replicate . Treatment diets 
were corn and soybean meal based and contained 0, 10, 20, 30 or 40% 
Conv CM from 2 to 21d of age and 0, 10, 20 or 30% Conv CM from 
21 to 37d of age. In the starter phase (2–21d), there was a significant 
negative effect (P < 0 .05) in weight gain and feed intake for CM levels 
in excess of 10% CM . The second broiler experiment evaluated both 
Conv CM and a new increased protein: reduced fiber Test CM. Seven 
treatments were replicated 8 times using 5 chickens per replicate . For the 
starter phase (2–19 d), the Treatment 1 diet contained no CM, Treatment 
2–4 diets contained 8% Test CM and Treatment 5–7 diets contained 8% 
Conv CM . At d 20, the chicks were switched to grower diets, which 
contained either no CM or 8, 16, or 24% of test CM or Conv CM . These 

diets were fed until 44 d of age. There were no significant differences 
among dietary treatments in weight gain, feed intake, or feed efficiency 
for either phase of the experiment . The third experiment examined the 
effects of the new test CM and Conv CM in laying hen diets from 33 to 
49 wk of age . Seven treatments were replicated 8 times using 14 caged 
hens per replicate . Corn-soybean meal diets again contained either no 
CM or 8, 16, or 24% Test CM or Conv CM. No significant differences 
were observed among treatments for feed intake, egg production, egg 
weight, egg mass, feed efficiency, or body weight over the duration of 
the experiment . The results of this study indicated that a new increased 
protein; reduced fiber Test CM can be used effectively in broiler chicken 
and laying hen diets when diets are formulated to be equal in ME and 
digestible amino acids .

Key Words: canola meal, broiler chicken, laying hen, high protein, 
reduced fiber

94   A slope-ratio precision-fed rooster assay for estimating 
relative metabolizable energy values for fats and oils. Matthew P . 
Aardsma* and Carl M . Parsons, University of Illinois, Urbana, IL.

Nitrogen-corrected true metabolizable energy (TMEn) values for fats 
and oils (lipids) frequently exceed their gross energies . Experiments 
were conducted to determine if a slope-ratio precision-fed rooster assay 
would yield more useful TMEn values for lipids . All TMEn values 
were obtained by tube-feeding adult roosters graded levels of lipids in 
a ground corn basal diet. In experiment 1, refined corn oil (RCO) was 
evaluated as a reference by feeding RCO to roosters at 0, 5, 10, 15, and 
20% . In all other experiments, test lipid(s) and RCO were fed at 0, 5, 
and 10% . In experiment 2, 2 animal/vegetable lipid blends (A/V blends) 
were evaluated . In experiment 3, a 2:1 blend of stearic acid with RCO 
(Blend A), 1:1 blend of stearic acid with RCO (Blend B), tallow (T), 
poultry fat (PF), and corn oil from distillers dried grains with solubles 
(DDGSCO) were evaluated for TMEn . In experiment 4, the treatments 
were the same as in experiment 3, but were evaluated for relative 
available energy via a restricted-feed-intake growth assay with 10- to 
20-d-old broiler chicks . The TMEn from roosters or BW gain of chicks 
were regressed on supplemental lipid level using multiple regression . 
Relative bioavailability values (RBV) were calculated as the regression 
coefficient of the test lipid divided by the regression coefficient for 
RCO . In experiment 1, TMEn values for RCO were highly linear (R2 
= 0.97) and suitable as a reference. Experiment 2 yielded significant 
differences (P < 0 .05) for RBV between one of the A/V blends and 
RCO . In experiments 3 and 4, the ranking of the RBV for the lipids was 
similar for the roosters and the broiler chicks, with PF and DDGSCO 
not significantly different than RCO, and T and Blend A significantly 
lower than RCO (P < 0 .05) . The RBV of Blend B was not calculated 
for the TMEn data due to non-linearity . These results indicate that the 
slope-ratio precision-fed rooster assay was sensitive for detecting differ-
ences in relative energy values among lipids and yielded similar results 
as data from broiler chicks .

Key Words: fat, oil, true metabolizable energy

95   The effect of feeder space access and crumble/pellet com-
position on broiler performance. Mark E . Lemons* and Joseph S . 
Moritz III, West Virginia University, Morgantown, WV.

Research utilizing small floor pens and industry style feed pans fre-
quently provide much greater feeder space access than broilers receive 
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in commercial barns . Feeder space access could be an important variable 
influencing research results, especially when coupled with crumble/
pellet composition variations . The objective of the current study was 
to assess the effects of feeder space and crumble/pellet composition on 
broiler performance . The study utilized a 2 × 2 factorial arrangement in 
a randomized complete block design using the main effects: high or low 
crumble/pellet composition (80% vs . 40%) and increased or industry 
feeder space access (0 .059 m/bird vs . 0 .012 m/bird) . Diets met Agristat 
recommendations and were pelleted at the West Virginia University 
pilot feed mill . A total of 1,840 Hubbard × Cobb straight-run broilers 
obtained from a commercial hatchery were randomly placed in 1 of 
40 pens with 10 replications per treatment . Broilers were individually 
weighed and feed consumed was recorded at the end of each growth 
phase to calculate feed intake per bird (FI), live weight gain per bird 
(LWG), and mortality-corrected feed conversion ratio (FCR) . Feed 
intake from d 1–38 was influenced by a main effect interaction (P < 
0 .05), demonstrating that birds increased intake when presented a high 
crumble/pellet composition, especially when provided increased feeder 
space access . Broilers fed a high composition of crumbles/pellets from 
d 1–38 demonstrated increased LWG and decreased FCR (P < 0 .05) . 
Broilers provided industry feeder space access from d 1–38 demonstrated 
lower LWG and FCR (P < 0 .05) . Multiple comparison data demonstrated 
a 2-point FCR and 130-g LWG advantage (P < 0 .05) for providing a 
high composition of crumbles/pellets using industry feeder space access 
and a 3-point FCR and 75-g LWG advantage (P < 0 .05) using increased 
feeder space access . These data suggest that feeder space access affects 
broiler performance and advantages of providing a high composition 
of crumbles/pellets may best be extrapolated from research utilizing 
industry feeder space access .

Key Words: feeder space, pellet composition, broiler, nutrition, feed 
manufacture

96   The effects of Spirulina algae inclusion and conditioning 
temperature on feed manufacture and pellet quality. John W . 
Boney* and Joseph S . Moritz, West Virginia University, Morgantown, 
WV.

Diet formulation and manufacturing techniques dictate pellet quality, 
ultimately affecting bird performance; however, this relationship can be 
complex . For example, high conditioning temperature has been shown 
to increase pellet quality but also decrease amino acid digestibility and 
subsequent bird performance . Spirulina algae inclusion has also been 
suggested to influence pellet quality. The objective of the current study 
was to determine manufacturing effects of practical corn and soybean 
meal based broiler diets with varying inclusions of Spirulina algae and 
steam conditioning temperature . Treatments were arranged in a 5 × 3 
factorial arrangement in a randomized complete block design varying in 
algae inclusion (0, 0 .5, 1, 5, and 10%) and conditioning temperature (74, 
82, 91°C) . Each treatment was replicated 3 times across 3 d of manufac-
ture . Pelleted samples were used to determine pellet durability using 3 
methods that varied in aggressiveness . Data were collected during the 
manufacture of each replicate and each pellet durability analysis was 
run in duplicate . Hot pellet temperature was increased by both algae 
inclusion (P < 0 .0001) and high conditioning temperature (P < 0 .0001) . 
Pellet mill motor amperage increased with increased algae inclusion (P 
= 0 .013) and conditioning temperature (P < 0 .0001) . Electrical energy 
usage increased (P < 0 .0001) when conditioning temperature was 
elevated from 74 or 82°C to 91°C, likely associated with high mois-
ture addition from steam that decreased efficiency of mash extrusion. 
However, production rate was not affected by treatment (P = 0 .499), 
indicating no throughput detriment . Pellet durability analyses revealed 
interactions between algae inclusion and conditioning temperature (P < 

0.0001) demonstrating that algae inclusion was more beneficial to pellet 
durability at low conditioning temperature . The combination of algae 
inclusion and low steam conditioning temperature may improve pellet 
quality without subsequent detriment to nutrient availability .

Key Words: Spirulina, algae, performance, pellet quality, conditioning 
temperature

97   Effect of whole corn and pellet diameter on feed manufac-
turing parameters and broiler live performance from 16 to 42 days 
of age. J . T . Pope*, A . C . Fahrenholz, and J . Brake, North Carolina 
State University, Raleigh, NC.

The effects of 3 particle sizes of corn and pellet dies producing 2 dif-
ferent pellet diameters on feed manufacturing and broiler live perfor-
mance from 16 to 42 d of age were studied . All birds in the experiment 
were fed 908 g of a common starter made with fine corn (FC) that 
transitioned to 1 of 6 different dietary treatments at approximately 16 
d of age . The milling and diet treatments continued with either all FC, 
31% of the diet as coarse corn (CC), or 10% of the diet as whole corn 
(WC) pelleted through either a 3 .5-mm or 4 .37-mm die . The geometric 
mean diameter of the FC and CC was 326 and 1324 μm, respectively. 
The dietary treatments were assigned to 36 pens of 16 males each as a 
randomized complete block 3 × 2 design, resulting in 6 replicates per 
diet . BW and feed consumption were determined at 14, 28, 35, and 42 
d of age and feed conversion ratio (FCR) calculated on the respective 
days . At 43 d, 2 birds per pen near the house average BW were necrop-
sied for gizzard and proventriculus weights. No significant differences 
in pellet quality, measured as pellet durability index, were detected 
among the diets. No significant differences in energy utilization at the 
pellet mill, measured as kwh/Ton, were detected among the diets . The 
WC and CC diets increased gizzard weight relative to FC diets at 43 
d of age and improved FCR at 28, 35, and 42 d of age (P0 .05) . It was 
concluded that WC could substitute for CC in broiler diets and reduce 
feed milling costs due to the absence of grinding while maintaining 
live performance .

Key Words: whole corn, pellet diameter, particle size, feed mill energy 
utilization, gizzard function

98   Phosphorus bioavailability in conventional canola meal and 
canola meals produced from new varieties of canola seeds. Chris-
tina D . Hanna*, Chelsie K . Parr, Pamela L . Utterback, and Carl M . 
Parsons, University of Illinois at Urbana-Champaign, Urbana, IL.

Two chick bioassays were conducted to determine relative P bioavailabil-
ity in 3 new test canola meals (TCM 1–3) containing increased protein 
and reduced fiber, a conventional canola meal (CCM), and a dehulled 
soybean meal (SBM). A phosphorus-deficient cornstarch-dextrose-SBM 
basal diet was fed as Diet 1 . Diets 2 and 3 had 0 .05% and 0 .10% P added 
from KH2PO4, respectively . The remaining diets had 12 .5% or 25% 
TCM, CCM, or SBM added in place of cornstarch and dextrose . Two 
additional chick bioassays were conducted to determine the effect of phy-
tase enzyme (Optiphos, Huvepharma, Sofia, Bulgaria) on bioavailability 
of the P in the CMs. Diet 1 was a P-deficient CM-cornstarch-dextrose 
diet, with one of the CMs as the only source of dietary P . Diets 2–4 had 
0 .05%, 0 .10%, or 0 .15% P added from KH2PO4, respectively . Diets 5 
and 6 were the same as Diet 1 with 250 or 500 (experiment 3) or 125 
or 250 (experiment 4) units phytase added per kg of diets, respectively . 
Chicks were fed the experimental diets from 8 to 21 d posthatch and 
bioavailability of P was estimated using the multiple-regression slope-
ratio method where tibia ash was regressed on supplemental P intake . A 
linear increase in tibia ash was observed as the P level was increased by 
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addition of KH2PO4, CCM, TCMs or SBM in the first 2 chick bioassays. 
Mean bioavailability values of P in the CCM, TCMs, and SBM relative 
to KH2PO4 were 15, 20, and 38%, respectively . A linear increase in 
tibia ash was also observed with addition of KH2PO4 or phytase in the 
last 2 bioassays . It was estimated that the addition of 150–500 units/
kg of phytase greatly increased the bioavailable P content of the CMs 
by 0 .10– .18% and the response to phytase was similar for the CCM 
and TCMs . In conclusion, the bioavailable P content of the new TCM 
was statistically equal to or numerically higher than the CCM . Phytase 
greatly and similarly increased the bioavailability of P in the CCM and 
the new test high protein, reduced fiber CMs.

Key Words: canola meal, chick, digestibility, phosphorus availability, 
fiber

99   Effects of total sulfur amino acids on performance and 
carcass yield in broilers fed diets with and without an antibiotic 
growth promoter. Pratima Acharya Adhikari* and Woo K . Kim, Uni-
versity of Georgia, Athens, GA.

Total sulfur amino acids (TSAA) requirements have been estimated in 
corn-soybean based diets for broiler chicks . However, growth perfor-
mance and carcass yield of broiler chicks either with or without antibiotic 
growth promoters (AGP) in reference to TSAA have not been docu-
mented . An experiment was conducted to evaluate effects of different 
levels of TSAA on performance and carcass yield in broiler chicks fed 
diets with or without AGP (Bacitracin) . A total of 900 one-day-old Cobb 
500 broiler chicks were randomly distributed to 6 dietary treatments in 
a 2 × 3 factorial arrangement, with 2 levels of AGP (0 and 0 .05%) and 
3 levels of TSAA either for starter (0.7, 0.8 and 0.9%) or finisher chicks 
(0 .52, 0 .62 and 0 .72%) . For the starter period (0 to 21d), body weight 
gain (BWG) and feed conversion ratio (FCR) were improved (P < 0 .001) 
as dietary TSAA levels increased . However, there were no differences 
between AGP supplemented or unsupplemented dietary treatments . For 
the finisher period (22 to 42d), feed intake (FI), BWG, and FCR were 
significantly improved by dietary TSAA levels, and chicks fed diets with 
AGP showed better FI and BWG compared with those fed diets without 
AGP (P < 0 .001) . Moreover, there were interactions between TSAA and 
AGP in FI and BWG (P < 0 .001) . Chilled carcass and pectoralis major 
were affected by both levels of TSAA (P < 0 .001) and AGP (P = 0 .015), 
with the highest values at 0 .72% TSAA with AGP . Lowest yield in all the 
carcass parts were observed for lowest level of TSAA with or without 
AGP . There were no differences in thigh and wing yield for both 0 .62 
and 0 .72% TSAA either with or without AGP . In conclusion, broilers 
fed diets supplemented with TSAA at recommended levels (0 .9% for 
starter and 0.7% for finisher) gave the best growth performance. TSAA 
levels in finisher diets without AGP need to be increased to achieve the 
optimal growth performance in broilers .

Key Words: antibiotics, broiler, total sulfur amino acids

100   The effect of processing method of distillers dried grains 
with solubles on hen egg production and yolk color. Lindsay R . 
Brunet*, Jack N . Losso, and Theresia A . Lavergne, LSU Agricultural 
Center, Baton Rouge, LA.

Distillers dried grains with solubles (DDGS) is a common byproduct of 
the ethanol industry and is used in animal feeds . Carotenoids are already 
present in the human eye, and increasing the amount of carotenoids 
in the eye can help prevent diseases such as macular degeneration 
and cataracts . DDGS contains xanthophylls, which are a part of the 
carotenoid group . It is thought that adding DDGS to standard corn and 
soybean meal diets may increase the amount of lutein available in egg 

yolks . An experiment was conducted with 61-wk-old Hy-Line W-36 
hens to evaluate the effects of DDGS in corn-soybean meal diets . Three 
hundred fifteen hens were fed 1 of 7 treatment diets with 5 replications 
of 9 hens per replicate in a completely randomized design . This was a 
56-d trial . The treatment diets were (1) Control (no DDGS); (2), (4), and 
6) DDGS processed with heat treatment (DDGS+H) and included at 10, 
20, or 30% of the diet; and (3), (5), and (7) DDGS processed without 
heat treatment (DDGS-H) and included at 10, 20, or 30% of the diet, 
respectively . Weekly hen-day egg production was recorded . Average 
daily feed intake, feed efficiency, egg specific gravity, egg mass, yolk 
color, and Haugh units were determined on 3 consecutive days at the 
end of each 28-d period . Throughout the trial, there was no effect (P > 
0.05) of treatment on average daily feed intake, feed efficiency, hen day 
production, egg weight, specific gravity, or hen weight. At the end of 
both 28-d periods, yolk redness (a*) was increased (P < 0 .01) in hens 
fed DDGS-H or DDGS+H . Yolk yellowness (b*) was increased (P < 
0 .01) in hens fed 20% inclusion of either DDGS+H or DDGS-H at the 
end of the second 28-d period . The inclusion of up to 30% DDGS in hen 
diets did not affect hen egg production or egg quality, but did increase 
yolk redness (a*) and yellowness (b*) which could be an indicator of 
increased lutein content .

Key Words: distillers dried grains with solubles, layer, egg production, 
yolk color, lutein

101   The effect of feed mixing and sampling variables on nutri-
ent analysis. Danielle A . Reese*, Kolby L . Foltz, and Joseph S . 
Moritz, West Virginia University, Morgantown, WV.

Proper poultry feeding requires a homogeneous mixture of macro and 
micro ingredients to ensure feed nutrients are being supplied to meet 
bird requirements . Samples of complete feed may be taken during 
manufacture and analyzed for nutrient content to estimate if nutrients 
are present in feed in accordance to diet formulation . However, variables 
associated with mixing and feed sampling may influence the results of 
nutrient analysis, thus over or under estimating the formula compari-
son . The objective of this study was to vary mix time, sample location, 
sample number, and sample blending technique on nutrient analysis . 
Treatments were applied in a 2 × 2 × 2 × 2 factorial arrangement in a 
completely randomized design . Ingredients were mixed in a single screw 
vertical mixer for either 30 s or 10 min . Samples were taken from either 
the pellet die or from the finished feed post cooling, conveyance, and 
bagging . Samples were blended together from 2 or 10 samples during 
manufacture . Blending occurred from either combining samples and 
mixing by hand or using a sample splitting device . Proximate analysis 
was determined on each blended sample and standardized for moisture 
content . Crude fat was increased when mix time was 30 s compared 
with 10 min (P = 0 .003) and when samples were taken from the pellet 
die compared with samples from finished feed (P = 0 .06) . A trend 
toward a mix time × sample location × sample number interaction was 
demonstrated for crude protein and ash (P < 0 .09 and 0 .07 respectively) . 
Crude protein was greatest for the 10-sample blend and lowest for the 
2-sample blend when feed was mixed for 30 s and samples were taken 
from the pellet die . Ash was greatest for samples mixed for 10 min 
and lowest for samples mixed for 30 s when taken from a blend of 2 
samples at the pellet die . These data suggest that mixing and sampling 
variables can effect nutrient analysis and sampling protocols should be 
utilized to best estimate if nutrients present in feed are in accordance 
to diet formulation .

Key Words: mixing time, blending technique, sample number, sample 
location, proximate analysis
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102   Neuroendocrine regulation of autophagy by leptin in 
chicken. Peter Ishola*1, Alissa Piekarski1, Elizabeth Greene1, Walter 
Bottje1, Mark Cline2, Takeshi Ohkubo3, and Sami Dridi1, 1Univer-
sity of Arkansas, Fayetteville, AR, 2Virginia Polythechnic Institute 
and State University, Blacksburg, VA, 3Ibaraki University, Ibaraki, 
Japan.

Autophagy or cellular self-digestion, plays a pivotal role in the adap-
tation of cells to a plethora of distinct stressors including starvation . 
Autophagy has been extensively studied in mammals and yeast, but 
little is known in avians . Thus, the major objective of the present study 
was to determine the effects of leptin on autophagy-related genes and 
proteins in chicken hypothalamus . Leptin is an adipocytokine that is 
mostly produced by white adipocytes in mammals, and functions as a 
hormonal sensing mechanism for fat deposition . Mammalian adipocytes 
secrete more leptin as fat storage increases, signaling the brain via leptin 
receptor-mediated signal transduction to inhibit feed intake and increase 
energy expenditure . In the present study, both recombinant chicken and 
ovine leptin (625 pmol, 10 µL) diluted in artificial cerebrospinal fluid 
were separately injected intracerebroventricularly (ICV) in 1-wk-old 
Hubbard × Cobb 500 chicks (n = 10) and feed intake was recorded 
at 30, 60 and 180 min after injection . At the end of the experiment, 
hypothalami were collected, and kept at −80°C until total RNA and 
protein were extracted. Leptin significantly reduced feed intake after 30 
min compared with the control group . Real-time PCR analysis showed 
that administration of both Chicken leptin and Ovine leptin appeared 
to significantly (P < 0 .05) regulate autophagy in hypothalamic tissue, 
including downregulation of Atg2b, Atg3, Atg12, Atg13, Lamb2, Rab7 
genes . Also, the result from Western blot shows the downregulation of 
Atg3 and LC3B proteins in ovine and chicken leptin treatments respec-
tively . Our results support a novel link between metabolic control and 
autophagy that warrant further investigations .

Key Words: leptin, autophagy, hypothalamus, gene expression, ICV 
injection

103   Effects of modest improvements in pellet quality and exper-
iment pen size on broiler chicken performance. Brian G . Glover* 
and Joseph S . Moritz, West Virginia University, Morgantown, WV.

Improving the crumble/pellet percentage of feed has been argued to be 
difficult to obtain in the commercial industry due to the necessity of feed 
mills producing adequate feed volume within a time constraint . Broiler 
performance research often utilizes small numbers of birds per pen or 
experimental unit that may affect the estimation of variance components, 
potentially producing pen performance metrics that are less valuable 
for industry guidance . The objective of this study was to compare the 
performance of straight-run Hubbard × Cobb broiler chickens receiving 
a standard crumble/pellet percentage (50%) vs . a modestly improved 
crumble/pellet percentage (70%), in either large pen (46 birds) or small 
pen (23 birds) experimental units . All diets were batched, mixed, steam 
conditioned to approximately 82°C, extruded through a 4 .8 × 38 .1 mm 
pellet die, and crumbled at the West Virginia University pilot feed mill . 
Crumble/pellet percentage differences were obtained by grinding a 
portion of the complete feed then remixing . Treatments were replicated 
10 times and applied for 1–38 d using a 2 × 2 factorial arrangement in 
a randomized complete block design to measure growth performance . 
Bird density and feeder space access was 0 .06 m2/bird and 1 .2 cm/bird, 
respectfully for all experimental units . Crumble/pellet percentage and 
pen size main effects did not interact for any growth performance metric . 
Broilers consuming improved crumble/pellet percentage had a tendency 
toward decreased feed intake (P = 0 .07) and feed conversion ratio by 3 
points (P = 0 .1), but maintained a similar weight gain (P = 0 .3) . Large pens 
tended to decrease live weight gain (P = 0 .06) . Improved crumble/pellet 
percentage increased pen coefficient of variation for ending weight (P = 
0 .05) likely due to competitive feeding behavior . These data suggest that 
modest improvements in crumble/pellet percentage may provide perfor-
mance benefits, and feed quality variation effects on growth performance 
can be satisfactorily evaluated utilizing small pen experimental units .

Key Words: crumble, pellet, broiler, pen size, feed conversion ratio
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104   Effect of zinc supplementation source and corn particle 
size on 40-day broiler performance. Kolby L . Foltz* and Joseph S . 
Moritz, West Virginia University, Morgantown, WV.

Zinc (Zn) supplementation source and particle size of feed ingredients are 
2 factors that can affect poultry performance and should be considered 
for proper feeding of poultry . The objective of the current study was to 
assess the effect of Zn supplementation source and corn particle size on 
broiler performance, breast yield, and tibia Zn concentration . Treatments 
were arranged in a 2 × 6 factorial randomized complete block design 
with the main effects corn particle size (550 µm vs 1,050 µm) and zinc 
supplementation . Zn treatments included a negative control (no added 
Zn), 80 ppm Zn sulfate, 40 ppm Zn sulfate + 40 ppm Zn-glycine (gly) 
chelate, 40 ppm Zn sulfate + 40 ppm Zn-Amino Acid cocktail complex, 
40 ppm Zn sulfate + 40 ppm Zn-hydroxy methionine analog chelate, 
and 80 ppm Zn sulfate + 7 .5 ppm Zn-gly + 7 .5 ppm Cu-gly + 3 .125 ppm 
Mn-gly + 25 ppm Mg-gly . Diets varied only in corn particle size and 
Zn supplementation source, while pellet durability differed only by 3 
percentage points favoring small particle corn diets . A total of 8 replica-
tions per treatment were fed to broilers from d1–40 . A corn particle size 
× Zn supplement interaction was observed for ending bird weight and 
LWG (P < 0 .05) demonstrating that feeding small particle corn produced 
larger broilers except when supplemental Zn was not included . Broilers 
fed small particle corn or diets supplemented with Zn consumed the 
most feed (P < 0 .05) . However, FCR was 1 .5 points lower (P < 0 .05) for 
broilers fed large particle corn diets . Hot breast yield was 5 g/kg body 
weight larger (P < 0 .05) in broilers fed small particle corn . Tibia Zn 
concentration was significantly higher (P < 0 .0001) for Zn supplemented 
diets, but no other treatment effects were observed . In conclusion, Zn 
supplement source had little effect on broiler performance; however, 
Zn supplementation per se optimized performance . Small particle corn 
demonstrated improvements in FI and LWG, but was inferior in regards 
to FCR, suggesting that large particle corn may promote gizzard function, 
slow feed passage rate, and increase nutrient utilization .

Key Words: zinc, mineral, particle size, organic, performance

105   Feeding diets differing in concentrations of calcium, phos-
phorus and calcium/phosphorus ratios to Hy-Line CV24 and W36 
laying hens on egg production and quality. Benjamin Zuniga*1, 
Franco Lazzaroni1, Abel G . Gernat1, Jesus Arango2, and Neil P . 
O’Sullivan2, 1Escuela Agrícola Panamericana/Zamorano, Teguci-
galpa, Honduras, 2Hy-Line International, Dallas Center, IA.

Breeding companies make recommendations based on practical experi-
ence to ensure that calcium (Ca) and available phosphorus (avP) require-
ments are in agreement with each strains egg production (EP) and liv-
ability potential . The objective of this study was to measure performance 
variables with diets differing in concentrations of Ca and avP, and their 
ratio to Hy-Line White Leghorn varieties (CV24 and W36) . The study 
consisted of 7 treatments used on both HCV and HW strains . All diet 
treatments were formulated to meet or exceed Hy-Line’s management 
guide recommendations (MGR) in a 4 phase experiment over the hen’s 
lifetime . Treatment (T) 1 was formulated to offer 100% levels of Ca 
and avP for each variety and diet phase; T2 Ca level to 80% of MGR; 
T3 avP level to 80% of MGR; T4 Ca and avP level to 80% of MGR; 
T5 Ca level to 60% of MGR; T6 avP level to 60% of MGR and T7 Ca 
and avP level to 60% of MGR, respectively . Production performance 
and EQ were measured from 18 to 32 weeks of age (phase 1) for both 
strains . At 18 wk of age, hens were weighed and randomly allocated to 

4 replicate groups (7 hens per cage of the CV24 and W36, 60 .9 × 50 .8 
cm) in a complete randomized block design. No significant differences 
were found for EP, feed consumption, feed conversion or mortality for 
both varieties. Similarly, no significant differences were found for egg 
weight, shell thickness, albumin height or Haugh Units for either of the 
2 strains . The CV24 showed lower (P < 0.002) specific gravity for T5 
and 7 and higher (P < 0 .002) percent cracks for T4 . Higher (P < 0 .03) 
percent dirty eggs were observed for T2, T5 and T7 in the W36 birds . 
Decreasing the amount of Ca and avP to levels lower than the recom-
mended did not show major differences in production performance in 
the CV24 and W36 birds. Diets deficient in Ca and avP affected EQ for 
both strains to a greater extent .

Key Words: laying hen, calcium, phosphorus, egg

106   Effects of dietary calcium concentration and adaptation 
period on true ileal phosphorus utilization and endogenous phos-
phorus losses in growing broilers. Kurt R . Perryman*1, Helen V . 
Masey O’Neill2, Mike R . Bedford2, and William A . Dozier III1, 1Auburn 
University, Auburn, AL, 2AB Vista, Marlborough, United Kingdom.

Inconsistent results for true ileal P utilization (TPUi) and negative endog-
enous phosphorus losses (EPL) have been reported when researchers 
used the regression method to determine P availability of common feed-
stuffs. Possible explanations for these irregularities include the influence 
of dietary Ca concentration or adaptations of the gastrointestinal tract to 
low-P semipurified diets. An experiment was conducted to determine the 
effects of dietary Ca concentration and adaptation period (AP) on the 
apparent ileal P digestibility (AIPD) and TPUi of corn . Nine hundred 
sixty Ross × Ross 708 male broiler chicks were placed into 80 battery 
cages (12 per cage) and fed a corn soybean meal common diet (1 .4:1 
Ca:P ratio) from placement until 18 d of age . As a control for AP, one 
treatment group received the common starter diet for the duration of 
the experiment. Ten semipurified experimental diets were formulated 
to evaluate 5 corn inclusion levels (15, 30, 45, 60, or 75%) and 2 Ca 
inclusion strategies (fixed at 0.35% or varied to maintain a 1.4:1 Ca:P 
ratio) . Corn was added at the expense of corn starch and dextrose and 
was the primary source of P in the experimental diets . Digesta from 
the terminal ileum were collected from 4 birds per pen at 19, 20, and 
21 d of age representing 0, 24, and 48 h of dietary AP, respectively . 
Increasing dietary corn resulted in negative linear effects (P < 0 .05) 
on AIPD for diets with a 1 .4:1 Ca:P ratio or positive linear effects (P < 
0.05) when dietary Ca was fixed at 0.35%. Broilers fed diets formulated 
with 1 .4:1 Ca:P had variable (P < 0 .05) TPUi (32 .2, 15 .1, and 35 .4%) 
and negative EPL (−190, −499, and −262 mg/kg DM intake) for 0, 24, 
48 h AP, respectively . Conversely, TPUi values (41 .2, 39 .1, and 47 .3%) 
were similar (P > 0 .05) and EPL positive (102, 197, and 154 mg/kg DM 
intake) regardless of AP for broilers fed diets formulated with 0 .35% 
Ca . These data demonstrated that formulating diets with a 1 .4:1 Ca:P 
ratio affected AIPD, shifting the regression line, resulting in negative 
EPL and a possible underestimation of TPUi .

Key Words: phosphorus, digestibility, regression, calcium

107   Effects of in ovo injection of organic minerals and post-
hatch holding time on broiler performance and bone mineral 
characteristics. T . F . B . Oliveira*1,2, A . G . Bertechini1, E . J . Kim3, R . 
M . Bricka2, O . C . Olojede2, and E . D . Peebles2, 1Federal University of 
Lavras, Lavras, Minas Gerais, Brazil, 2Mississippi State University, 
Starkville, MS, 3USDA, Starkville, MS.
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The objective of this study was to evaluate the effects of the in ovo 
injection of organic Zn, Mn, and Cu in association with post-hatch (poh) 
holding time (HT; feed and water restriction) on percentage of bone ash 
(PBA) and the concentration of minerals in the tibia of broilers . On 17 
d of incubation a total of 1,872 eggs were subjected to in ovo injection 
using a commercial multi-egg injector . Treatments (TRT) included 
non-injected and diluent-injected controls . The respective Zn, Mn, and 
Cu levels (mg/mL) added to the diluent of low and high mineral TRT 
groups were 0 .181, 0 .087, and 0 .010, and were 0 .544, 0 .260 and 0 .030, 
respectively . The 4 TRT groups were then sub-divided into 2 poh HT 
groups, with 15 birds randomly allocated to each of 6 replicate pens 
in each of the 8 (4 × 2) TRT. The first HT group (0HT) had immediate 
access to water and feed, and the second HT group (24HT) contained 
birds that were kept in transport baskets for 24 h before being released . 
Birds were selected to have both tibiae sampled to determine PBA and 
their Ca, P, Mg, Zn and Mn concentrations . No TRT × HT interactions 
were observed . The PBA of the birds belonging to the HMD group was 
higher than all other TRT on d 1 poh and higher than the no-injection 
control group on d 21 poh . On d 1, the LMD and HMD groups had higher 
tibia Mg and Mn concentrations than those of the control groups . Bone 
from the birds belonging to the 0HT group had a higher Mg concentra-
tion than did those from the 24HT group . On d 7, bones from the HMD 
group had a higher concentration of Mn than did the non-injected control 
group, and likewise on d 21 poh had a higher concentration of Zn than 
did the control groups . The in ovo injection of these organic minerals 
had a positive influence on bone mineralization.

Key Words: ash, bone quality, in ovo supplementation, mineralization, 
posthatch

108   The effects and transfer of canthaxanthin and 25-hydroxyvi-
tamin D3 from the hen to the broiler chick. Misaki Cho*, Jennifer 
L . Saunders-Blades, and Douglas R . Korver, University of Alberta, 
Edmonton, AB, Canada.

Dietary canthaxanthin (CXN) and 25-hydroxyvitamin D3 (25OHD) can 
increase the productivity of broiler breeders, and are transferred to the 
egg, thus potentially affect the offspring . Individually caged Ross 308 
breeder hens (n = 288) were fed either a Control (vitamin D3 at 2,760 
IU/kg), CXN (Control diet + 6 mg/kg CXN) 25OHD (Control diet with 
25OHD at 69 μg/kg diet in place of vitamin D3) or H-C (CXN diet with 
25OHD at 69 μg/kg diet in place of vitamin D3). Hens were artificially 
inseminated weekly, and fertile eggs collected at 25, 37, 49 and 59 wk 
of age . Breeders were vaccinated with infectious bursal disease virus 
(IBDV) at 18, 28, 70, and 126 d (d) of age, and with Newcastle disease 
virus (NDV) at 28, 56 and 98 d of age . Plasma antibody titers and egg 
CXN were measured at 25, 37, 49, and 59 wk of age . Broiler plasma 
antioxidant capacity was determined at 0 and 14 d of chick age at each 
hen age. Differences between means were considered significant at P 
< 0 .05 . Dietary CXN was transferred to the egg but diets without CXN 
resulted in little to no egg CXN (P < 0 .0001) . We previously reported 
increased egg production and chick innate immune response in hens fed 
CXN . Hen diet did not affect IBDV titers, but H-C hens had the lowest 
NDV titers compared with other hen treatments (P = 0 .0468) . Titers for 
IBDV and NDV decreased as hens aged (P < 0 .0001) . There were no 
differences between maternal treatments for broiler plasma antioxidant 
capacity at any chick age . When CXN was provided to the breeder hen, 
it was efficiently deposited into the egg but only had a small effect on 
IBDV breeder antibody titer and had no effect on antioxidant capacity 
in the broiler plasma . Based on previous studies, maternal CXN and 
25OHD increased breeder productivity and early chick innate immunity; 
in this study these compounds did not affect hen adaptive immunity . 
The minimal effect on immune function in this trial may be related to 

differential effects of the supplements on breeders and their offspring, 
and between innate and adaptive immunity .

Key Words: canthaxanthin, 25-hydroxyvitamin D3, immunity, broiler, 
broiler breeder

109   Effects of dietary 25-hydroxycholecalciferol on breast 
muscle gene expression of broiler chickens raised on reused litter. 
Seyed A . Fatemi*, Carolyn Fitzsimmons, Martin J . Zuidhof, Francois 
Paradis, and Douglas R . Korver, University of Alberta, Edmonton, AB, 
Canada.

The vitamin D3 metabolite 25-hydroxycholecalciferol (25OHD) 
increases breast meat yield and innate immunity by unknown mecha-
nisms . This study investigated the effect of an unsanitary environment 
on expression of genes associated with immune function and breast 
muscle synthesis and development of broilers fed 2 sources of vitamin 
D activity . Day-old Ross 308 chicks were placed in pens (n = 256 13 .22 
birds/m2) in a 2 × 2 factorial arrangement with 4 pens/treatment . Dietary 
treatments were: vitamin D3 at 2,760 IU/kg feed (D) or 25OHD at 2,760 
IU/kg feed (25OHD), with birds raised on either fresh (Clean) or used 
(Used) litter to increase bacterial exposure . Pectoralis major muscles (n 
= 8 per treatment) were collected at 12 d of age and global transcriptome 
analysis was performed using Illumina RNA sequencing . Each sample 
was converted to a uniquely indexed cDNA library; the resulting cDNA 
libraries were pooled . On average approximately 15 million sequence 
reads per sample were obtained . Low quality reads and 5 outliers were 
removed, and RNA-Seq mapping was analyzed by TopHat and HTSeq . 
The remaining samples were aligned to the chicken reference genome 
(Galgal4) . A total of 73 differentially-expressed (DE) genes were 
detected, with 33 DE genes between the D and 25OHD treatments, and 9 
DE genes between Clean and Used environments . Gene ontology results 
from DAVID and PANTHER revealed that 25OHD upregulated genes 
participating in muscle function and development, immunoglobulin A 
synthesis, cell growth and fat deposition, and downregulated nitric oxide 
synthesis . Gene ontology results between environments suggest that the 
Used environment upregulated the serine-glycine biosynthesis pathway, 
which could influence immunity and protein synthesis. Gene ontology 
results from all genes, regardless of comparisons, suggest genes and 
biological processes involved in muscle synthesis, development and 
organ development and nitric oxide synthesis are actively modulated 
by the experimental treatments .

Key Words: broiler chicken, 25-hydroxycholecalciferol, breast muscle, 
immune system, used litter

110   Effects of 25-OH-D3 on growth and early laying perfor-
mance of brown egg layers. Felipe A . Silva*1, Ramiro Delgado2, 
Oscar Ortiz2, Carlos A . Lozano3, Diego Aldana3, Martin J . Zuid-
hof1, and Douglas R . Korver1, 1University of Alberta, Edmonton, AB, 
Canada, 2Nutriavicola S.A., Buga, Colombia, 3DSM Nutrional Prod-
ucts Colombia S.A., Bogota, Colombia.

Vitamin D is essential to several metabolism processes in laying hens . A 
field trial was conducted in a commercial layer operation in Colombia to 
determine the effect of 25-hydroxycholecalciferol (25OHD) fed to layer 
pullets and hens . From d 1 to wk 10, 17,750 Hy-Line brown pullets were 
placed in 3 barns, with 6 treatments of 4 pens each (approximately 740 
birds/pen) . Treatments were a positive control (PC) with 25OHD plus 
vitamin D3 (VitD) at 2,760 and 3,000 IU/kg, respectively throughout the 
trial, a negative control (NC) with VitD only (3,000 IU/kg) throughout 
the trial, the same levels of 25OHD and VitD as the PC diet from d 1 
to 15, 17, 30, or 41 wk, then switched to VitD only . Data are reported 
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to 34 wk of age . At 11 wk, 10,800 birds were transferred to a layer 
farm maintaining the same treatments, and randomly divided into 9 
replicate pens per treatment with 200 birds/pen . BW, ADG and FCR 
were measured at each diet change according to company management 
procedures; egg production was analyzed monthly . Data were analyzed 
by ANOVA including barn as random effect; effects were considered 
significant at P < 0 .05 . At wk 3, NC hens had the lowest BW (193 .0 ± 
1 .96 g; P < 0 .01) and ADG (7 .30 ± 0 .10 g/d; P < 0 .01), and the highest 
FCR (2 .40 ± 0 .03 g:g; P < 0 .01) among treatments, including PC (211 .6 
g, 8 .20 g/d and 2 .20 g:g, respectively) . To 34 wk, NC hens laid fewer 
eggs per hen housed than hens fed PC or 25OHD to 30 wk (3 .5 and 
4 eggs less, respectively . P < 0 .01) . No other treatments effects were 
observed up to 34 wk of age . Dietary 25OHD in addition to VitD during 
rearing and early lay period may increase early development, as well 
as egg production to peak .

Key Words: 25-OH vitamin D3, pullet, egg production, performance, 
laying hen

111   The effects of trace mineral source in broiler breeder and 
broiler progeny diets on the live performance of Ross 708 male 
broilers. C . T . Caraway*1, S . Homen2, G . Page3, W . Litjens4, A . Fahr-
enholz1, and J . Brake1, 1Prestage Department of Poultry Science, 
North Carolina State University, Raleigh, NC, 2Nutreco, Trouw Nutri-
tion, Highland, TN, 3Nutreco, Canada Agresearch, Guelph, Canada, 
4Nutreco, Selko Feed Additives, Tilburg, the Netherlands.

From 21 to 64 wk of age, broiler breeders were supplemented with 
either an inorganic (INO; metal sulfates, selenite) trace mineral (TM) 
premix, organic (ORG; metal proteinates, Se Yeast) TM premix at 
a reduced level, or a mixture of the 2 (MIX) . Twelve broilers were 
assigned to each of 72 pens to evaluate progeny effects in the first 2 
studies. The first study used eggs from the breeder flock at 28 wk of 
age with progeny fed inorganic TM alone . There were 24 replicates 
per breeder treatment . Broilers from MIX breeders exhibited increased 
feed intake (FI) compared with ORG from 30 to 36 d (1301 g vs . 1265 
g; P ≤ 0.05) and 37–43 d (1529 g vs. 1464 g; P ≤ 0.06). A second 
broiler experiment was conducted using eggs from the same breeders 
at 40 wk of age . Chicks were supplemented with the same TM source 
as their respective parents . At 42 d, a stepwise increase (ORG < INO 
< MIX) was observed in cumulative FI (P < 0 .05; 5077 g < 5153 g < 
5243 g) and BW (P < 0 .01; 3134 g < 3188 g < 3252 g) . A third study 
using eggs from the breeders at 64 wk of age was designed as a 3 × 3 
factorial with the 3 TM sources used in both the broiler breeder and 
broiler progeny diets . A total of 1,728 male progeny were distributed 
among 72 pens with 24 birds per pen . At 36 d, the broilers were evalu-
ated for percentage feather weight determined by weighing birds after 
exsanguination and again after picking and drying of the carcass . 
Progeny from MIX breeders exhibited reduced (P < 0 .05) relative 
feather weight (4 .55%) when compared with INO (4 .91%) broilers 
with ORG (4 .70%) broilers intermediate . This difference in feather 
cover probably altered the heat loss characteristics of the broilers and 
affected feed intake . Statistical analyses were performed using SAS 
9 .4 LSMEANS and PROC GLM .

Key Words: trace minerals, organic minerals, broiler, broiler breeder, 
feathers

112   Effect of 25-hydroxycholecalciferol on pullet growth 
and bone mineralization of pullets from 0 to 16 weeks of age. 
A . Sizelove*1, D . M . Karcher2, O . Gutierrez3, and T . J . Applegate1, 
1Purdue University, W. Lafayette, IN, 2Michigan State University, E. 
Lansing, MI, 3Huvepharma, Inc., Peachtree City, GA.

Optimizing mineral metabolism and pullet growth during the rearing 
phase are essential for the long-term skeletal health and productiv-
ity of the laying hen . Thus, the objective of this experiment was 
to determine the effect of 25-hydroxycholecalciferol (Bio-D) on 
performance and skeletal parameters of pullets from 0 to 16 wk of 
age . A total of 6000 pullets were separated into 2 treatments and 
fed either a control diet or the control + 34 .8 µg of Bio-D/kg diet 
(Bio-D) . Both diets were formulated to be 10 percent lower in Ca 
and P than breeder recommendations (0 .9, 0 .9, 0 .9, and 1 .26% Ca 
and 0 .45, 0 .44, 0 .42, and 0 .40% non-phytate P from 0 to 4, 4 to 8, 
8 to 12, and 12 to 16 wk of age, respectively) . There were 3 rep-
licate rooms of 2000 birds/room for each treatment . Body weights 
were not significantly different at 0, 4, or at 8 wk; however, Bio-D 
supplemented birds were 4% lighter at 12 wk (P = 0 .04) which did 
not persist to 16 wk . Tibias and humeri were collected at 4, 8, 12, and 
16 wk from 20 birds/room, and normalized using BW as a covariate . 
Dry-defatted tibia and humerus ash were 1 .7 and 7 .7%-units greater 
from Bio-D supplemented birds at 4 wk of age (P < 0 .06) . Tibia ash 
was not affected by dietary treatment at 8, 12 or 16 wk, however, 
Bio-D supplemented birds had 2 .6%-units lower percent humerus ash 
at 16 wk (P = 0 .002) . Mass of tibia or humerus ash was generally 
unaffected at any age . Subsequent studies shall determine whether 
this change in body weight would influence egg production, shell 
quality, and long-term skeletal health .

Key Words: pullet, vitamin D metabolite, calcium, phosphorus

113   Comparison of a commercial ELISA and liquid chro-
matography-mass spectrometry assay to determine the serum 
25-hydroxycholecalciferol in the broiler chicken. M . Al-
Ajeeli*1, H . E . Leyva-Jimenez1, O . Gutierrez2, and C . A . Bailey1, 
1Texas A&M University, College Station, TX, 2Huvepharma, Inc., 
Peachtree, GA.

An experiment was conducted to compare the serum 25-hydroxy-
cholecalciferol (25-OH-D3) concentrations values in broiler chickens 
from 2 different analytical assays . A total of 300 Ross-308 newly 
hatched broiler chickens were placed in one Petersime battery brooder 
and fed ad libitum a basal vitamin D3 deficient mash corn-soy broiler 
starter diet for a 21-d rearing period . The basal diet was subdivided 
to create 2 different treatments with 3850 IU/kg cholecalciferol plus 
one source of 25-OH-D3 or cholecalciferol alone . On d 4, 9, 14 and 
19 of age 52 birds were selected and placed in a separate Petersime 
battery brooder located in the same room . Birds were divided into 2 
groups and fasted overnight . The next day, after the fasting period, 
selected birds were offered the treatment diets ad libitum for 24-h . 
Four birds were taken from each group of the 2 treatments at times 
0, 1, 2, 4, 8, 12 and 24-h after exposure to the treatment diets to draw 
blood . Sera were collected from the blood samples and split into 2 
sub-samples . One sub-sample was used to run a commercial ELISA 
(25-OH-Vitamin D Kit, Eagle Biosciences) for which the detection 
limit is 1 .6–120 ng/mL and the other one was sent to a third-party 
commercial laboratory for analysis of 25-OH-D3 via liquid chroma-
tography-mass spectrometry (LC/MS), for which the detection range 
was set up at 5–100 ng/mL . Data were analyzed using the bivariate 
correlation function of SPSS. A correlation coefficient of 81% was 
found between the assay type results P < 0 .01, a strong increasing 
positive relationship was found for both assays, ELISA Kit vs LC/
MS performed by the commercial laboratory . Both assays were able 
to detect changes in the serum 25-OH-D3 concentration during the 
24-h exposure to the treatment diets .

Key Words: ELISA, LC/MS, serum, 25-OH-D3, cholecalciferol
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114   Evaluation of serum 25-hydroxycholecalciferol dynamics 
in broiler chickens. H . E . Leyva-Jimenez*1, A . Haq1, O . Gutierrez2, 
and C . A . Bailey1, 1Texas A&M University System, College Station, 
TX, 2Huvepharma Inc., Peachtree City, GA.

The purpose of this study was to better understand the dynamics of 
25-hydroxycholecalciferol (25-OH-D3) and identify if there was any 
“circadian-type” trend in the broilers response to dietary 25-OH-D3 
over time . A total of 300 Ross-308 newly hatched broiler chickens 
were placed in one Petersime battery brooder and fed ad libitum a 
basal vitamin D3 deficient diet, with a marginal concentration of Ca 
and P . This mash corn-soy broiler starter diet was fed for a 21-d rearing 
period . To create the 2 treatments, the basal diet was subdivided and 
supplemented with 3,850 IU/kg cholecalciferol (D3) or 3,850 IU/kg D3 
plus one source of 25-OH-D3, Bio-D (Huvepharma Inc . Peachtree City, 
GA) at 34 .8 ppb . Minimal lighting was maintained in the rearing room 
to reduce endogenous synthesis of cholecalciferol . On d 4, 9, 14 and 19 
of age 52 birds were selected and placed in a separate Petersime battery 
brooder located in the same room . Birds were divided into 2 groups and 
fasted overnight . The next day, birds were offered the treatment diets ad 
libitum for 24 h . Four birds were taken from each group at times 0, 1, 
2, 4, 8 12, and 24 h after exposure to the treatment diets to draw blood . 
Sera were collected and split into 2 sub-samples . One sub-sample was 
used to run a commercial ELISA Kit, (Eagle Biosciences) and the other 
one was sent to a commercial laboratory for analysis of 25-OH-D3 via 
liquid chromatography-mass spectrometry . Data were analyzed as one-
way ANOVA using the GLM procedure of SPSS and also linear regres-
sion analysis. Both products showed a significant time-response linear 
increase in 25-OH-D3 concentrations P < 0 .05 with maximum effect 
after 24-h exposure to treatment diets when average serum 25-OH-D3 
concentration for both assays were 27 .15 and 43 .07 ng/mL for D3 and 
D3+Bio-D respectively. Feeding Bio-D had a significant positive effect 
in increasing the 25-OH-D3 concentrations in the blood when compared 
with cholecalciferol .

Key Words: broiler, serum, 25-OH-D3, cholecalciferol

115   Effects of 25-OH D3 levels on 0-53 d broiler performance, 
processing, tibia ash, and serum Ca and 25-OH D3 status. Rosana 
A . Hirai*1, Omar Gutierrez2, and Kelley G . S . Wamsley1, 1Department 
of Poultry Science, Mississippi State University, Mississippi State, MS, 
2Huvepharma Inc., Peachtree City, GA.

Literature has supported the supplementation of 25-OH D3 into poultry 
diets to reduce leg issues, as well as improve muscle accretion . However, 
data pertaining to heavy broilers is limited and therefore the objective of 
the current study was to determine the effects of 25-OH D3 supplementa-
tion on 0–53 d broiler performance, processing yield, tibia ash, as well 
as serum Ca and 25-OH D3 status . A common basal diet was formulated 
to contain corn and soybean meal, as well as corn dried distiller’s grains 
and solubles and phytase (sparing 0 .12% Ca and available P) . Available 
P and Ca were reduced to 75% of breeder recommendations to induce 
the effects of 25-OH D3 . Next, 5 dietary treatments varying in 25-OH 
D3 were created: Treatment (Trt) (1) low vitamin (Vit) D3 (165 IU/kg); 
(2) low Vit D3 + 34 .8 ppb Bio-D; (3) high Vit D3 (2756 IU/kg); (4) high 
Vit D3 + 34 .8 ppb Bio-D; (5) high Vit D3 + 69 .7 ppb Bio-D . On day of 
hatch, 1140 male Ross × Ross 708 chicks were obtained from a com-

mercial hatchery and randomly assigned to a floor pen at a density of 
0 .05 sq m/bird . Each Trt was assigned as a randomized complete block 
design, with 12 replications/Trt . A live coccidiosis vaccine was sprayed 
onto feed in each pen at 5× manufacturer’s recommendation . Measured 
variables were average BW, BWG, FCR, percent mortality, and d 53 
processing (4 birds/pen) . Blood was collected from 3 birds/pen at 0, 14, 
28, 42, and 52 d for serum analysis of Ca and 25-OH D3; tibiae were 
extracted from 3 birds/pen at 14 and 28 d and then from processed birds 
for ash . Birds fed Trt 1 consistently exhibited decreased performance, 
processing and tibiae ash measurements throughout the study and also 
lowest level of serum Ca and 25-OH D3 (P < 0 .001) . Birds fed Trt 2–5 
exhibited improved performance as compared with Trt 1 . Serum 25-OH 
D3 data demonstrated a stepwise increase as birds were fed Trts 1–5 (P 
< 0 .001) . These data demonstrate that supplementation of 25-OH D3 
into diets with Low Vit D (165 IU/kg) can improve performance to that 
of birds fed High Vit D (2756 IU/kg) .

Key Words: vitamin D3, 25-OH D3, broiler performance, tibia ash, 
calcium

116   Response of heat-stressed broilers to dietary choline and 
betaine I: Performance and carcass characteristics. Kouassi 
Kpodo*, Michael Smith, and Ronique Beckford, University of Tennes-
see, Knoxville, TN.

A study was conducted to determine the effects of supplemental choline 
(CHO) and betaine (BET) on broiler performance and carcass character-
istics under different temperature conditions, thermo-neutral (TN) and 
heat stress (HS) . Eight hundred day-old mixed sex commercial broilers 
were weighed, wing tagged and equally divided into the 2 environments . 
Eight replicates of 10 chicks were randomly assigned to one of 5 dietary 
treatments: Treatment 1 (CON) = basal diet; 2 (CHO500) = as 1 plus 500 
ppm methyl equivalents added CHO; 3 (CHO1000) = as 1 plus 1000 ppm 
methyl equivalents added CHO; 4 (BET500) = as 1 plus 500 ppm methyl 
equivalents added BET and 5 (BET1000) = as 1 plus 1000 ppm methyl 
equivalents added BET . The corn - soybean basal diet was formulated to 
meet NRC requirements for broilers . Feed intake and body weight were 
recorded weekly . Foot pads were assessed for health on d 42 and litter 
samples collected from each pen . At slaughter on d 52, breast meat was 
collected and drip loss evaluated 4 and 7 d post slaughter . Breast meat 
lightness (L*), redness (a*) and yellowness (b*) was measured . Data 
were analyzed using mixed model ANOVA (SAS 9 .3, Cary, NC) . Feed 
intake was reduced (P < 0 .05) for HS birds during d 21 – 35 and 36–49 
(20% and 29% respectively) . Similarly, HS birds had lower (P < 0 .05) 
weight gain during d 21 – 35 and 36 – 49 (24% and 31% respectively) . 
Dressing percent was not affected by diet or temperature (P = 0 .09) . 
There was a diet × temperature interaction (P = 0 .04) on drip loss 4 d 
post slaughter . The lowest drip loss occurred with CHO500 (0 .60%) in 
HS and BET1000 (0 .83%) in TN birds . Breast meat color of HS birds 
was significantly (P = 0 .02) lighter (54 .21) while that of TN birds was 
significantly (P = 0 .004) more yellow (3 .75) . Temperature did not affect 
pododermatitis (P = 0 .22); however, there was an effect of diet (P = 
0 .003) with CHO500 and BET1000 showing the lowest occurrence . In 
this study, breast meat drip loss was influenced by dietary CHO and 
BET while color was affected by rearing temperature .

Key Words: broiler, heat-stress, betaine, choline, pododermatitis 
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Student Competition: Processing and Products

117   White striping and woody breast effect on broiler breast 
meat quality from broilers processed at 6 and 9 wk of age. Vish-
wesh V . Tijare*, Famous L . Yang, Vivek A . Kuttappan, Craig Coon, 
and Casey M . Owens, University of Arkansas, Fayetteville, AR.

White striping and woody (hard) breast are major quality issues in the 
poultry industry . These conditions have been associated with rapid grow-
ing, high breast yielding broilers . This study was conducted to evaluate 
effects of WS and WB hardness on meat quality traits in broiler breast 
fillets. High breast yielding broilers were processed at 6 and 9 wk of 
age. All fillets were deboned at 2 h postmortem and scored for severity 
of white striping (visual evaluation) and woody breast (tactile evalua-
tion). For meat quality analyses, fillets were collected at 6 wk (n = 160) 
and at 9 wk (n = 87) of age and were categorized as normal (NORM), 
severe for white striping/mild for woody (WS), or severe for both white 
striping and woody (WS+WB) . Sarcomere length, marination uptake, 
cook loss, and Meullenet-Owens razor shear energy values (MORSE) 
on non-marinated and marinated (vacuum tumbled, 15% marinade addi-
tion; targeted 0.75% NaCl and 0.45% phosphate for final concentration) 
fillets were assessed. Results showed that sarcomere length was longer 
in fillets with WS+WD compared with NORM (P < 0 .05) at both 6 and 
9 wk of age, despite the increasing degree of fillet hardness. As severity 
of either WS or WB increased, marination uptake decreased (P < 0 .05) at 
both 6 and 9 wk; WS+WB had lower uptake than WS which had lower 
uptake than NORM (P < 0.05). Cook loss of marinated fillets in 6 and 9 
wk was higher (P < 0 .05) in WS+WB compared with WS and NORM, 
which were similar (P > 0.05). In the non-marinated fillets, WS+WB 
had higher (P < 0 .05) cook loss than WS, which was also higher (P < 
0.05) than NORM. At 6 wk, MORSE of the NORM non-marinated fil-
lets were significantly higher (P < 0 .05) than WS and WS+WB which 
were similar (P > 0.05) and there was no significant difference observed 
in MORSE of marinated fillets. At 9 wk, there was no difference (P > 
0.05) in MORSE values of both marinated and non-marinated fillets 
between WS+WB or WS and NORM . Results of this study suggest that 
severe degrees of white striping and woody breast affect meat quality 
with negative effects on water holding capacity .

Key Words: broiler, breast fillet, woody breast, white striping, meat 
quality

118   Descriptive and consumer sensory analysis of woody broiler 
breast meat. Jessica L . Solo*1, Vivek A . Kuttappan1, Christine Z . 
Alvarado2, and Casey M . Owens1, 1University of Arkansas, Fayette-
ville, AR, 2Texas A&M University, College Station, TX.

Recently, broiler breast fillets have been affected by a condition known as 
woody breast, which results in a distinct hardness of raw fillets. Woody 
breast can vary in severity from normal (NORM) to severe (SEV) . In 2 
experiments, NORM and SEV woody breast were subjected to descrip-
tive and consumer sensory analysis . The descriptive panel (n = 9 trained 
panelists) was conducted to obtain a flavor and texture profile of 60-d-old 
broiler breast fillets. The consumer panel (n = 74 consumer panelists) 
was designed to assess consumer acceptance of 63-d-old broiler breast 
fillets. In both panels, non-marinated breast fillets were cooked to an 
internal temperature of 165 F in aluminum covered pans . Samples 
were held at either 140 F or 38 F before serving and 2 samples (2 .54 × 
2 .54 cm cube) of each treatment were presented in a HOT (140 F) and 
COLD (40 F) state to simulate different serving scenarios . Treatments 
were hot normal (HOTNORM), cold normal (COLDNORM), hot severe 
(HOTSEV), and cold severe (COLDSEV) . The descriptive panel used 

standard flavor and meat texture lexicons. Consumers expressed their 
overall liking for impression, flavor, and texture on a 9-point hedonic 
scale (9 = like extremely; 1 = dislike extremely) . For the consumer panel, 
the ballot included an open-ended comment section assess likes and 
dislikes. Results of the descriptive panel indicated that HOTSEV fillets 
had greater (P < 0 .05) cohesiveness of mass and fewer loose particles (P 
< 0 .05) than HOTNORM . COLDSEV samples showed more oxidized 
and barnyard flavors than the HOTSEV samples. This may be related 
to increased white striping (i .e ., fat) associated with the SEV samples . 
Results of the consumer panel analysis showed no significant differences 
(P > 0 .05) in hedonic sensory attributes between NORM and SEV (HOT 
OR COLD) breast fillet samples. Open-ended comments showed more 
dislike comments related to texture in the SEV compared with NORM 
breast meat . Results suggest that some descriptive attributes related to 
texture and flavor are affected by woody breast though consumers may 
not detect these changes . Future studies should include sensory analysis 
of marinated woody breast .

Key Words: woody breast, consumer sensory, descriptive sensory, 
quality

119   Using blunt Meullenet-Owens razor shear to assess normal 
and woody breast from broilers grown to 6 and 9 weeks. Famous L . 
Yang*, Vishwesh V . Tijare, and Casey M . Owens, University of Arkan-
sas, Fayetteville, AR.

In recent years, older market broilers have been shown to have tougher 
meat when compared with younger broilers . In addition, there has been 
an increase in incidence of woody breasts in broilers, often associated 
with larger broilers . Woody breast is characterized by a distinct hard-
ness of the raw fillet. A blunt version of the Meullenet-Owens razor 
shear (BMORS) has been shown to be a more sensitive method at 
higher degrees of toughness . An experiment was conducted using high 
breast yielding commercial male broilers to evaluate the effectiveness 
of BMORS in at different ages and different levels of woody conditions 
(i .e ., hardness) . Six hundred broilers were processed using to commer-
cial methods at 6 and 9 wk of age in 2 replications. Breast fillets were 
deboned at 2 h postmortem (PM) and aged on ice in a 4°C walk-in cooler 
overnight . Fillets were scored for severity of woody and 440 were placed 
into 2 categories, normal (NORM) and severe (SEV). Breast fillets (n = 
440) were cooked to 76°C and cook loss, MORS, and BMORS measur-
ing energy (MORSE, BMORSE) were determined . Broilers grown to 9 
wk had a higher live weight than 6 wk (4 .5 vs 2 .7 kg, P < 0 .05) . There 
was a age by woody category interaction (P < 0.05). For NORM fillets, 
there were no significant differences (P > 0 .05) for MORSE, BMORSE 
and cook loss due to age . The lack of differences in the NORM samples 
is likely due to the early deboning time masking effect of age . However, 
for WB fillets, MORSE, BMORSE, and cook loss were significantly 
higher (P < 0 .05) at 9 wk of age than at 6 wk of age . The higher energy 
values are likely related to the mechanisms related to increased hard-
ness of the fillets. Results indicate a similar trend between the MORSE 
and BMORSE though the magnitude of difference for the WB samples 
using BMORSE was greater than using MORSE .

Key Words: MORS, BMORS, shear, age, woody

120   Colorimetric assessment and crude fat content of pectoralis 
major muscles (breast fillets) affected by the white striping quality 
defect. Barbara A . Mallmann*1, Sarge F . Bilgili2, Sergio L . Vieira1, 
Cristiane Sanfelice3, and Kathryn J . Meloche2, 1Universidade Federal 
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do Rio Grande do Sul, Porto Alegre, RS, Brazil, 2Auburn University, 
Auburn, AL, 3Universidade Estadual de São Paulo, Botucatu, SP, 
Brazil.

White striping (WS) is a recently described breast fillet myopathy 
characterized by abnormal deposition of adipose and connective tissues 
in parallel striations between the myofibers of the pectoralis major in 
broiler chickens . Previous research has utilized subjective visual evalu-
ation for this defect . Therefore, the aim of this study was to evaluate 
the use of a colorimeter as an objective assessment tool. Seventy-five 
breast fillets were collected from a research study and divided into 3 
groups based on the severity of WS (0 = normal, 1 = moderate, and 2 = 
severe) by subjective visual assessment . Live weights of birds as well 
as weights of the carcass, fillets, and tenders were recorded. Fillet color 
was measured, on the surface as well as over a cross-sectional area, with 
a Minolta colorimeter on both the cranial and the caudal portions of the 
fillets. Color measurements (L*, a* and b*) were also recorded on the 
cranial and caudal portions of the same fillets after grinding. Finally, 
each sample was analyzed for crude fat content . All measurements were 
made in duplicate. The data were subjected to ANOVA with significance 
set at P < 0 .05 . Live weights and chilled carcass weights among the 
3 WS groups did not differ (P > 0 .05), however, total breast yield of 
severe group (26.4%) was significantly higher than that of the moderate 
(24.2%) and normal (22.8%) groups. As expected, fillet lightness values 
(L*) were higher for the cranial portion of the moderate and severe WS 
groups for surface, cross-sectional, and ground meat, samples . Crude fat 
level only differed significantly (P < 0 .01) between the cranial (1 .67%) 
and caudal (1 .15%) portions of normal WS groups . Crude fat content 
of moderate and severe WS groups were 1 .82% and 2 .46% for the cra-
nial and 1 .68% and 2 .30% for the caudal portions, respectively . These 
results indicate that the severity of WS can be objectively measured by 
a colorimeter and that crude fat content does not accurately reflect the 
severity of the white striping defect .

Key Words: broiler, breast fillet, white striping, color

121   Utilization of functional fibers in soy protein chicken 
nuggets. Jiyang Fang*1, Gerardo Casco2, Ron Wheeler3, Rosemary 
Walzem2, and Christine Alvarado1,2, 1Department of Nutrition and 
Food Science, Texas A&M University, College Station, TX, 2Depart-
ment of Poultry Science, Texas A&M University, College Station, TX, 
3FormtechSoluions, College Station, TX.

Soluble fiber in the diet provides many health benefits; however, 
most people in the United States have less than half of the reference 
daily dietary fiber intake. Therefore, the objective of this study was 
to develop a soy protein chicken nugget with added functional fiber 
to the meat block to help increase dietary intake of fiber. Chicken 
nuggets were made with an industry soy formulation (30% of meat 
block weight replaced by pre-hydrated 3:1, wt/wt water: textured soy 
protein concentrate (TSPC) with added 10% brine resulting in 0 .60% 
salt and 0.50% STPP of the final product. Treatment nuggets were 
formulated to include a final concentration of 3.0 g of functional fiber 
(composed of 70% VitaFiber and 30% Methocel K100M) per serving 
(3 nuggets, 65 g) based on the control formula . Control and treatment 
nuggets were evaluated for pick-up (%), par-fry yield (%), cook loss 
(%), frozen loss (%), yield (%), color (L*, a* and b* value) and shear 
force (N). All data were analyzed by ANOVA and a significance was 
determined using a P value of <0 .05 . The results indicated that treatment 
nuggets had higher pick-up (%) and yield (%) (P < 0 .05) compared 
with control, but no difference (P > 0 .05) was found in par-fry yield 
(%), cook loss (%) and frozen loss (%). For color, addition of fiber to 
the treatment resulted in lower L* (darker color) and higher b* value 

(P < 0 .05) . Shear force was lower (more tender) in the treatment group 
when compared with the control (P < 0 .05) . In conclusion, addition 
of functional fibers in the meat block of soy-protein chicken nuggets 
resulted in higher pick-up (%), yield (%), darker and more yellow 
color, and more tender texture .

Key Words: chicken nugget, functional fiber, soy protein, Methocel 
K100M

122   An evaluation of novel food interventions on poultry parts. 
Amie M . Ibarra* and Christine Z . Alvarado, Texas A&M University, 
College Station, TX.

Recently, the USDA proposed federal standards to reduce the bacte-
rial contamination in poultry parts . The objective of this study was to 
determine the bacterial reduction and efficacy of a buffered pH6 (A6) 
and pH3 (A3) antimicrobial, and an antibiotic base antimicrobial (AA) 
on poultry drumsticks . Drumsticks used in testing were sourced from a 
local meat distributor . Drumsticks, inoculated with a 3-strain cocktail 
of rifampicin resistant Salmonella spp . (n = 5) . After 30-min bacterial 
attachment period, the parts were separately dipped into each of the 3 
novel products and a set of control negative (CN) and control positive 
(CP) drumsticks were dipped in ddH2O for comparison; for aerobic 
plate counts (APC) and Enterobacteriaceae (EB) counts, non-inoculated 
drumsticks were used . Each treatment was rinsed with a proportionate 
amount BPW, as described by the USDA poultry parts rinse method 
and the rinsate collected for sampling. 3M Petrifilms were used to 
enumerate APC and EB and Brilliant Green agar (BGA) was used for 
the enumeration of Salmonella spp . Data log cfu/ml were analyzed by 
ANOVA and means separated by Duncan’s multiple ranges test . Results 
showed that drumsticks treated with A3 had a 2 .57 log10 cfu/mL reduc-
tion (P < 0 .001) in APC microbiota when compared with the controls 
and the remaining products . There was also a reduction (P < 0 .01) with 
both A6 and AA, compared with that of the naturally occurring APC 
on the drumsticks (CN) . For EB counts, a reduction (P < 0.001) of ≥ 
1 .5 log10 was observed for A3 and A6 . Reductions (P < 0 .001) were 
observed for A3 (>3 .5 log10) and A6 (1 .0 log10) when compared with 
CP, AA had no statistical reduction (P > 0 .05) . A3 formulation showed 
to be significant (P < 0 .05) at reducing all the areas tested: CP, APC, 
and EB . AA had a statistical reduction of the target organisms for APC 
and EB but no reduction for the CP . Therefore, these products should 
be considered further for their utility in the poultry industry to improve 
food safety as well as to improve shelf life of parts .

Key Words: parts, Salmonella, APC, EB, food safety

123   Surface water accumulation and subsequent drip loss for 
processed broiler carcasses subjected to a postchill water dip 
or spray. Kimberly M . Wilson*1,2, Dianna V . Bourassa2, L . Nicole 
Bartenfield2, Caitlin E . Harris1, Amanda K . Howard1, Kimberley D . 
Ingram2, Arthur Hinton Jr .2, Eric S . Adams2, Mark E . Berrang2, Peggy 
W . Feldner2, Gary R . Gamble2, Jonathan G . Frye2, Charlene R . Jack-
son2, and R . Jeffrey Buhr2, 1The University of Georgia, Athens, GA, 
2USDA-ARS US National Poultry Research Center, Athens, GA.

To estimate the potential residual carryover of antimicrobials, surface 
water accumulation and loss was measured for postchill carcasses either 
dipped or sprayed with water and allowed to drip for up to 5 min . In 
trials 1 and 2, 10 male broilers were slaughtered, and either soft or 
hard scalded, and then defeathered and eviscerated . Carcasses were 
air-agitated ice/water immersion chilled for 30 min and postchill carcass 
weight (CW) recorded . Carcasses were dipped for 30 s in water and hung 
by a wing or a leg and CW recorded at 0 and 30 s, 1, 2 and 5 min postdip . 
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In trials 3 and 4, broilers were slaughtered, soft or hard-scalded, chilled 
for 40 min and postchill CW recorded . Individual carcasses were hung 
in a shackle by either the wings or legs that was suspended from a scale, 
water sprayed (40 psi at 70 carcasses/min) and postspray CW recorded at 
0 and 30 s, 1, 2, and 5 min . In trials 1 and 2, water accumulation postdip 
for soft scalded wing or leg hung carcasses was 126 and 86 g, and for 
hard scalded wing or leg hung carcasses was 104 and 56 g . At 5 min 
postdip, soft-scald carcasses retained 15 g when hung by a leg but lost 
−1 g when hung by a wing. In contrast, hard-scald carcasses retained 
2 g when hung by a leg, but lost −1 g when hung by a wing. In trials 3 
and 4, all groups had similar accumulation at 0 s postspray, 60 g . At 5 
min postspray, soft-scalded carcasses retained 1 and 5 g of water when 
hung by the legs and retained 1 g or lost −2 g when hung by the wings 
in trials 3 and 4 . At 5 min postspray hard-scalded carcasses hung by 
legs lost water in both trials −6 and −2 g compared with carcasses hung 
by the wings that lost −2 g in trial 3 and retained 1 g in trial 4. Overall, 
water-dipped carcasses accumulated 37 g more water at 0 s than sprayed 
carcasses and retained 4 g more water after 5 min drip than those that 
were sprayed . Carcasses that were dipped and hung by a leg accumulated 
50 g more and retained more 8 g more water than all other groups . Water 
application method and carcass orientation affect retained water and 
may affect residual antimicrobials on treated carcasses .

Key Words: broiler carcass, water accumulation, spray dip, scald

124   Growth performance and liver histopathology of laying 
chickens fed diet containing chlorpyrifos-treated maize. Isaac O . 
Adejumo*1, Anthony D . Ologhobo2, and Olayinka O . Alabi1, 1Land-
mark University, Omu-Aran, Kwara State, Nigeria, 2University of 
Ibadan, Ibadan, Oyo State, Nigeria.

Agricultural practices in Nigeria depend on extensive use of synthetic 
insecticides . Chlorpyrifos, although banned in some developed coun-
tries, is a common seed dresser in developing countries . This insecticide 
may leave residues that may negatively affect environment, livestock 
and humans . Maize, the main ingredient in poultry feed has tendency 
to retain residue arising from treatment . Information on toxic effects 
of chlorpyrifos -treated maize on poultry in Nigeria is scanty; hence 
this study was conducted to investigate toxic effect of chlorpyrifos on 
growth performance of chickens . Fifty 25-wk-old hens were randomly 
allotted to 2 diets: control (T1) and diet 2 (T2) which had maize grain 
treated with 20% chlorpyrifos at 2 ml/kg of maize grains (manufacturers’ 
recommended dose) . The study lasted for 14 d . The design of the study 
was completely randomized design . Each treatment had 5 replicates 
with 5 birds per replicate . Feed intake (FI, g/bird), body weight change 
(BWC, g/bird) and liver histopathology were assessed using standard 
procedures . Data were analyzed using descriptive statistics and ANOVA 
at α0 .05. Chlorpyrifos significantly (P < 0 .05) reduced feed intake (0 .81 ± 
0.03) and weight gain (−0.08 ± 0.01) of chickens in T2 compared with 
those fed control diet . Severe widespread of vacuolar change of the 
hepatocytes was observed in the liver of birds fed with diet containing 
20% chlorpyrifos diet (T2) . 20% chlorpyrifos-treated maize depressed 
growth rate and resulted in liver damage of laying chickens .

Key Words: chlorpyrifos, chicken, growth, histopathology, toxicity

125   β-Resorcylic acid reduces Campylobacter jejuni in post-
harvest poultry. Basanta R . Wagle*1, Annie M . Donoghue3, Komala 
Arsi1, Ann Woo-Ming1, Sandip Shrestha1, Pam J . Blore1, Kumar 
Venkitanarayanan2, and Dan J . Donoghue1, 1University of Arkansas, 
Fayetteville, AR, 2University of Connecticut, Storrs, CT, 3Poultry Pro-
duction and Product Safety Research Unit, ARS, USDA, Fayetteville, 
AR.

Human Campylobacter infections, a leading food-borne illnesses glob-
ally, has been linked with high prevalence of this bacterium in retail 
chicken meat . Reduction of Campylobacter in poultry will greatly reduce 
the risk of this disease . Unfortunately, strategies employed to reduce 
Campylobacter in live poultry have had limited success . This, along 
with growing consumer demand for the natural alternatives, compels 
researchers to look for potential antimicrobials to reduce Campylobacter 
during processing. This study explored the potential use of β-resorcylic 
acid (BR), a phytophenolic compound, for reducing Campylobacter in 
post-harvest poultry . Previous studies have demonstrated that BR kills 
Campylobacter jejuni and Salmonella, in broth systems . Therefore, 
the objective of this study was to evaluate antibacterial ability of BR 
to reduce Campylobacter on chicken skin or meat samples . To accom-
plish this, a total of 4 trials, 2 each on thigh skin or breast meat, were 
conducted . Chicken skin or meat samples (2 ± 0 .1g) were inoculated 
with 50 µL (~107 cfu/mL) of a cocktail of 4 wild strains of C. jejuni. 
Following 30 min of attachment, samples were dipped into their respec-
tive treatment solutions (0, 0.5, 1, 2% BR in Butterfield’s phosphate 
diluent) for 30 s and dripped dried for 2 min (n = 10 samples/dose) . The 
samples were then processed and plated on Campylobacter line agar 
for enumeration . The Campylobacter mean CFUs were logarithmically 
transformed (Log cfu/g) to maintain the homogeneity of variance and 
treatment means were partitioned by LSMEANS analysis . Data were 
analyzed by PROC GLM procedure of SAS (P < 0 .05) . Two percent BR 
was most effective (1–3 Log cfu/g) followed by 1% BR (1–2 Log cfu/g) 
and 0 .5% BR (1 Log cfu/g) in reducing Campylobacter counts in either 
skin or meat samples . Our post-harvest studies demonstrate a consistent 
reduction in Campylobacter counts in multiple trials and support the 
potential application of BR during poultry processing . Funded in part 
by the USDA-NIFA-OREI 2011–01955 .

Key Words: Campylobacter jejuni, β-resorcylic acid, antimicrobial, 
post-harvest poultry

126   The ability of select probiotics to reduce enteric Campylo-
bacter colonization in broiler chickens. Sandip Shrestha*1, Annie M . 
Donoghue2, Komala Arsi1, Ann Woo-Ming1, Basanta R . Wagle1, Pam 
J . Blore1, and Dan J . Donoghue1, 1Department of Poultry Science, Uni-
versity of Arkansas Fayetteville, AR, 2Poultry Production and Product 
Safety Research Unit, ARS, USDA, Fayetteville, AR.

Campylobacter is the leading cause of foodborne illness worldwide 
and is often associated with consumption and/or mishandling of 
contaminated poultry products . Probiotic use in poultry has been an 
effective strategy in reducing other enteric foodborne pathogens but not 
consistently for Campylobacter . As Campylobacter resides and utilizes 
intestinal mucin for growth, isolates selected on the basis of mucin uti-
lization might be a strategy to screen for efficacious probiotic bacteria. 
In this study, bacterial isolates demonstrating increased growth rates in 
the presence of mucin in broth were tested in a total of 4 bird trials . In 
both trials 1 and 2, 90 d-of-hatch chicks were randomly divided into 9 
treatment groups (n = 10/treatment) and treated individually with 1 of 
4 bacterial isolates (Bacillus sp .) grown in media with or without mucin 
before inoculation or a Campylobacter positive control (no probiotics) . 
In trials 3 and 4, 60 d-of-hatch chicks were divided into 6 treatment 
groups (n = 10/treatment) and were dosed with 5 individual isolates 
(Lactobacillus sp .) all grown in mucin before inoculation or a Campy-
lobacter positive control (no probiotic) . All birds were gavaged with 
individual isolates at day-of-hatch and orally challenged with a 4-strain 
mixture C. jejuni on d 7 . Ceca were collected at d 14 for Campylobacter 
enumeration . Campylobacter counts were logarithmically transformed 
(log10 cfu/g) and treatment means were partitioned by LSMEANS 
analysis (P < 0 .05) . Results from these trials demonstrated 2 individual 
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isolates grown in mucin before inoculation consistently reduced cecal 
Campylobacter counts (1–2 log reduction) . These results support the 
potential use of preselection and growth of isolates in mucin in evaluat-
ing bacterial isolates with the ability to reduce enteric Campylobacter 
colonization . Funded in part by the USDA-NIFA-OREI 2011–01955 .

Key Words: Campylobacter, probiotic, in vivo, chicken

127   Poultry products in grocery sales circular advertisements 
appeal to consumers. Lindy Froebel*1, Billy McKim1, Holli R . 
Leggette1, and Christine Z . Alvarado2, 1Department of Agricultural 
Leadership, Education and Communications, Texas A&M University, 
College Station, TX, 2Department of Poultry Science, Texas A&M Uni-
versity, College Station, TX.

Grocery sales circulars are influential on consumers’ poultry purchasing 
decisions, but little research has been conducted on the appeal of poultry 
product advertisement elements . Therefore, the purpose of this study 
was to evaluate raw, cooked, and prepared poultry products displayed 
in grocery store sales circular advertisements appeal to consumers . A 
survey with mock advertisements, derived from the results of a nation-

wide content analysis of 1,575 grocery sales circular advertisements, 
was used to assess the degree of appeal to consumers . Data from 232 
questionnaires (response rate 15 .1%), distributed in several Western 
states in the US, were used, and inferential statistics, a series of paired-
sample t-tests, were calculated and reported . Analyses were approached 
conservatively due to multiple comparisons, using a Bonferroni Correc-
tion to adjust the α level from P < 0 .05 to P < 0 .001 . In total, advertise-
ments containing cooked meat products (M = 12 .005, SD = 3 .052) had 
greater appeal than those containing raw meat products (M = 9 .267, SD 
= 3.101, t (209) = −12.863, P < 0 .001) . Advertisements containing a 
cooked chicken product (M = 4 .550, SD = 1 .153) were more appealing 
than ones containing a raw chicken product (M = 3 .412, SD = 1 .398, t 
(215) = −11.197, P < 0 .001) . An advertisement containing a prepared 
chicken product (M = 4 .005, SD = 1 .339) had greater appeal than ones 
containing a cooked chicken product (M = 3 .737, SD = 1 .4 .02, t (216) 
= −7.140, P < 0 .001) . The results of this study can be used to guide the 
creation of grocery sales circular advertisements for chicken products . 
Further, there is a need for studies relating the appeal raw, cooked, and 
prepared products to consumer purchases .

Key Words: grocery circulars, consumer survey, chicken advertisements
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128   Analysis of the gut microbiome response of broilers fed 
diets containing combinations of Original-XPC and salinomycin 
via an Illumina MiSeq platform. Stephanie M . Roto*, Si Hong Park, 
and Steven C . Ricke, University of Arkansas, Fayetteville, AR.

Biological supplements in poultry feed continue to be of interest for their 
potential to support a healthy immune system, protect from pathogenic 
bacteria, and increase feed efficiency. The objective of this research was 
to analyze cecal microbiota; samples were collected from broilers fed 
one of the following 4 treatments: control (T1), XPC (T2), salinomycin 
(T3), or XPC + salinomycin (T4) . The Illumina MiSeq platform was 
utilized to assess treatment effects, including Original-XPC, a biologi-
cal product derived from fermentation . Male broilers (n = 1280) were 
raised in floor pens and randomly assigned to one of the 4 treatments, 
with 8 replicates per treatment . Salinomycin (40 g/ton) was included in 
T3 and T4 from 17 to 28 d in the grower diet . All broilers in the study 
were spray-vaccinated with a standard dose of coccidiosis vaccine 
(Coccivac-B, Merck) at the hatchery before receiving any treatment . 
At 2, 4, and 6 weeks of age, 3 birds per pen were randomly chosen for 
cecal sampling; DNA was extracted from each ceca . Each sample was 
amplified via PCR using dual indexed primers and prepared for sequenc-
ing . A total of 27, 167, and 116 reads were generated from an Illumina 
MiSeq and exhibited a low error rate of 1 .49% . Sequences obtained were 
subjected to preliminary analysis via 16S Metagenomics v1 .0 applica-
tion in Illumina BaseSpace . Analysis of sequences indicated greater 
than 99% of the identified microorganisms in the cecal microbiome 
of all samples fall in the kingdom of Bacteria, whereas more variation 
was revealed through further classification. The most common phyla 
among samples were Firmicutes and Bacteroidetes, whereas the most 
abundant class was Clostridia .

Key Words: microbiome, XPC, poultry, MiSeq, ceca

129   The effects of dietary supplementation of probiotics on 
performance, eggshell quality, cecal microflora composition, and 
skeletal health of White Leghorn hens. Fei-Fei Yan*1, Ganapathi R . 
Murugesan2, and Heng-Wei Cheng3, 1Purdue University, West Lafay-
ette, IN, 2BIOMIN America Inc., San Antonio, TX, 3USDA-ARS, West 
Lafayette, IN.

Probiotics have been used as an alternative to antibiotics in poultry 
production due to their benefits in enhancing production as well as 
preventing gastrointestinal inflammation and infections. The objective 
of this study was to determine the effect of dietary supplementation of 
probiotics on performance and skeletal health of laying hens . Six rep-
licates (cages) with 4 White Leghorn hens each were assigned to 1 of 4 
treatments at 60 wk of age based on BW . The hens were fed either a basal 
diet (Control, 2890 kcal/kg ME and 18 .3% CP) or one of 3 treatment 
diets comprising the basal diet with 3 levels of a commercial probiotic 
product (0 .5×, 100,000 cfu/g of feed; 1 .0×, 200,000 cfu/g of feed; 2 .0×, 
with 400,000 cfu/g of feed) for a 7-wk period . Each cage provided 484 
cm2 floor space and 10.3 cm feeder space per hen. Egg production was 
recorded daily, while egg weight, eggshell quality (weight, breaking 
force, and thickness), and feed intake were measured every other week . 
Body weight was recorded at 60, 63, and 66 wk of age . Skeletal health 
indicators (bone mineral content, bone mineral density, bone area, and 
bone length) and cecal microflora composition were determined at 66 
wk of age . The percent of damaged eggs (cracked or shell-less egg) 
was significantly decreased in 0.5× and 2.0× groups compared with 
Control (P = 0 .02) . In addition, 2 .0× groups had a higher femoral bone 

mineral density and content (P = 0 .03 and 0 .04, respectively), while 
0 .5× and 1 .0× groups had a trend to have longer femurs (P = 0 .06 and 
0 .07, respectively) . Furthermore, cecal Bifidobacterium counts were 
significantly increased in all probiotics treated groups (P < 0 .001) . These 
results indicate that dietary probiotics had a significant effect on eggshell 
quality, skeletal health, and cecal microflora composition in laying hens.

Key Words: probiotics, performance, eggshell, microflora, skeletal

130   Effects of direct-fed microbials on egg production in late 
first cycle laying hens. Isa J . Ehr*1, Aneé B . Kehlet3, Johnathan Dick-
erson3, and Michael E . Persia2, 1Iowa State University, Ames, IA, 2Vir-
ginia Tech, Blacksburg, VA, 3Chr. Hansen, Hørsholm, Denmark.

The objective was to evaluate the effects of direct-fed microbials (DFM) 
on hen day egg production (HDEP) and egg quality in late first cycle 
laying hens . Data were collected over a 40-wk feeding period (69–109 
wk of age), but natural molting was observed at approximately 89 wk of 
age resulting in non-treatment differences in HDEP, so the performance 
data have been split into premolt and molting periods of 20 wk each . In 
total, 234 Hy-Line W-36 laying hens were placed into 3 treatment groups 
and fed (1) a control diet consisting of a common basal diet without 
added DFM; (2) a common basal diet + Bacillus subtilis (BS) 0 .5 kg/t 
at 1 .6 × 109 cfu/g; or (3) a common basal diet + Bacillus lichenformis 
(BL) 0 .5 kg/t at 3 .2 × 109 cfu/g . Each experimental unit (EU) consisted 
of 6 hens with 13 EU per treatment at a density of 438 cm2 . Hens were 
offered 100–105 g of feed per bird per day with ad libitum access to 
water . The performance data were analyzed using PROC GLM in SAS 
with repeated measures . Means were separated using Tukey’s test (P 
≤ 0.10). Egg production and mortality were recorded daily. Feed dis-
appearance was measured weekly for feed intake and feed efficiency 
(FE) calculations (egg mass/kg feed) . During the premolt period, HDEP 
was significantly greater for the BS (77.0%) than the BL (74.1%) and 
the control was intermediate (75 .0%) between the DFM (P = 0 .03) . In 
addition, both DFM resulted in increased egg weight over the premolt 
period (P = 0 .09) . During the premolt period, FE was increased with 
BS in comparison to the control fed birds, with the BL intermediate (P 
= 0 .08) . During the molting period, both the BS and BL had numeri-
cally lower HDEP than the control . In summary, BS increased HDEP 
and FE in the premolting period and both DFM increased egg weight . 
After natural molting began at wk 89, treatment differences were lost 
with the increased variation due to molting .

Key Words: Bacillus, direct-fed microbial, laying hen, egg production, 
first cycle

131   Withdrawn. 

132   The effects of Maca (Lepidium meyenii) on performance 
and egg quality in laying hens. Serol Korkmaz*1, Hüseyin Eseceli2, 
and Tanay Bilal1, 1Department of Animal Nutrition and Nutritional 
Diseases, Faculty of Veterinary Medicine, Istanbul University, Avcilar, 
Istanbul, Turkey, 2Vocational School of Bandirma, Balikesir Univer-
sity, Bandirma, Balikesir, Turkey.

The use of plants and their extracts as feed additives has drawn interest 
throughout the years . Maca (Lepidium meyenii) is a tuber root plant 
from Brassicaceae family, which affects the metabolism of lipid and 
glucose, reproductive hormones and oxidative stress . In this study, we 
aimed to provide an alternative plant feed additive for poultry industry . 
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One hundred and 50 56 week-old laying hens (LSL) were divided into 3 
groups with 10 replicates . Gelatinized Maca root powder was added as 
0, 0 .5, and 1% to the diets of Control, Group1 (M1) and Group2 (M2) 
during 16 weeks, respectively . Body weight (BW), feed intake (FI), feed 
conversion ratio (FCR), laying performance (LP) and egg quality were 
measured periodically . External and internal egg quality parameters were 
determined by a digital egg quality tester . Levels of calcium (Ca), phos-
phorus (P), magnesium (Mg), total triglycerides (TG), total cholesterol 
(Chol) and glucose (Glu) were spectrophotometrically analyzed by an 
autoanalyzer. Glutathione peroxidase-8 (GPX-8), estradiol-17β (Est) and 
progesterone (Prog) were determined with chicken specific elisa kits in 
each serum samples collected at the end of experiment . All data were 
statistically analyzed by using SPSS 22 with ANOVA and Tukey’s test . 

No difference was found for BW, FI, FCR, and LP in between groups (P 
> 0 .05) . Egg quality parameters (i .e ., rates of eggshell strength, albumen 
height, Haugh unit and yolk color) were not affected . Eggshell thickness 
(mm) was determined as 0 .439, 0 .410 and 0 .390 in control, M1 and M2 
groups at last week, respectively (P < 0 .01) . Ca and P levels were not 
significantly affected, however Mg level in control group was higher 
than M2 group (P < 0.01). No significant differences were observed for 
TG, Chol, Glu, Est and Prog . GPX-8 level increased in M2 group (P < 
0 .05) . In this study, despite negative effects on eggshell thickness and 
Mg, Maca showed an antioxidant activity at the 1% supplementation 
rate . No effects on laying performance, and other egg quality parameters 
and serum levels of Ca, P, Glu, TG, Chol, Est, Prog were determined .

Key Words: Lepidium meyenii, hen, egg quality, hormone, antioxidant
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133   Transcriptional events underlying avian myogenesis. Jac-
queline Griffin*, Michael Lilburn, and Macdonald Wick, The Ohio 
State University, Columbus, OH.

The most economically important part of the broiler chicken is the 
breast meat, derived from the pectoralis major (PM) . Poultry breeding 
has been very successful in improving the economically important traits 
inherent to modern broiler strains . Unfortunately, this continued selec-
tion is accompanied with the potential for correlated negative effects on 
meat quality . This study proposes targeting key developmental stages 
as an approach for future analyses that aim to identify biomarkers 
for improved genetic selection . Thus providing a means to study the 
relationship between negative muscle traits and the continued selection 
for breast yield . The hypothesis is that the transitional stages of related 
muscle specific and myogenic regulatory genes can be used to study 
the relationship between PM development and resulting post-hatch 
phenotype . To test this hypothesis we used a control Single Comb White 
Leghorn (SCWL) line and a muscular dystrophic line (LSN) line . We 
characterized transcriptional events occurring in the PM to target key 
stages during myogenesis . The PM was extracted daily on embryonic 
d 5 through 19 from SCWL and LSN embryos . RNA was isolated and 
gene transcription was quantified using NanoString Technologies. 
Results revealed differential transcription patterns of Pax3, IGF, decorin, 
and glypican unique to each line . From these data, we extrapolated 3 
key developmental stages that may have implications on phenotypic 
characteristics post-hatch . Exploiting these transcriptional patterns and 
key developmental stages can be used to target future analyses in the 
economically valuable modern broiler genotype aiding in the identifica-
tion of biomarkers for selection of desirable breed stock .

Key Words: pectoralis major (PM), myosin, isoform, myogenesis, 
transcriptome

134   Transcriptomic signatures of chicken immune organs in 
Marek’s disease. Yi Ding*1, Yanghua He1, Jose Carrillo1, Huanmin 
Zhang2, and Jiuzhou Song1, 1Department of Animal and Avian Sci-
ences, University of Maryland, College Park, MD, 2USDA, ARS, Avian 
Disease and Oncology Laboratory, East Lansing, MI.

Marek’s disease (MD) induced by Marek’s disease virus (MDV) causes 
major loss to the poultry industry . Genetic resistance to MD is observed 
in different chicken lines, which gives a clue to control MD by genetic 
improvement strategy besides vaccine . To better understand the mecha-
nism of MD resistance, we investigated the expressions of coding-genes 
and long intergenic noncoding RNAs (lincRNAs) in 3 immune tissues, 
bursa, spleen, and thymus, from 2 highly inbred chicken lines (MD 
resistant line 63 and susceptible line 72) . Consequently, we discovered 
significantly more differentially expressed genes in susceptible chick-
ens than resistant chickens after MDV infection (FDR < 0 .1) and these 
differentially expressed genes were enriched in immune related path-
ways, such as citrulline-nitric oxide cycle and inflammatory response. 
Furthermore, we also identified more than 1000 lincRNA loci in 3 
immune organs, and majority of them were expressed at a lower level 
compared with coding-genes . Our analysis revealed highly dynamic and 
tissue-specific lincRNA expression patterns. Moreover, those putative 
lincRNAs could relate to wide ranges of biological functions includ-
ing immune responses . In summary, our results showed that not only 
protein-coding genes but also lincRNAs would intensively involve in 
MDV-induced tumorigenesis, providing deep insight into the mechanism 
underlying MD resistance and susceptibility .

Key Words: chicken, Marek’s disease, gene expression, lincRNAs, 
RNA-Seq

135   Identification of LincRNAs and their modeling of knock-
down systems associated with chicken Marek’s disease. Bo Han*1,2, 
Yanghua He1, Yi Ding1, Li Zhang3, Ning Yang2, and Jiuzhou Song1, 
1Department of Animal and Avian Sciences, University of Maryland, 
College Park, MD, 2College of Animal Science and Technology, China 
Agricultural University, Beijing, China, 3Institute of Animal Science 
and Veterinary Medicine, Beijing Academy of Agriculture and For-
estry Sciences, Beijing, China.

Marek’s disease (MD) is a highly contagious T-cell lymphoid neoplasia 
of chickens induced by Marek’s disease virus (MDV) . The growing evi-
dences indicated that the long intergenic noncoding RNAs (lincRNAs) 
have a close relationship with MD . In our previous study, 389 lincRNAs 
were identified in CD4+T cells from MD resistant chicken line 63 and 
susceptible line 72 as well as 2 reciprocal cross lines, in which 39 lin-
cRNAs were differentially expressed between infected and non-infected 
chickens (FDR <0 .1) . In this study, the top 4 differentially expressed 
lincRNAs were selected to verify their biological functions associated 
with Marek’s disease based on MSB1 and CEF cell lines . We designed 
4 short hairpin RNAs (shRNAs) for each lincRNA and then all shRNAs 
and negative control were cloned and packaged into lentivirus to infect 
MSB1 and CEF cells, respectively . The relative expressions of these 4 
lincRNAs in MSB1 and CEF cells were detected by qPCR before and 
after infection by the total of 17 shRNAs . The results showed that only 
lincRNA1 and lincRNA3 had significantly decreased expressions and 
the maximum interference efficiency reached to 61%. Besides, CEF 
cells with the knockdown of lincRNAs and negative control were also 
infected by MDV and results indicated that the relative MDV loads were 
significantly decreased in the cells infected with shRNA3–1657 com-
pared with negative control [shRNA3 was corresponding to lincRNA3] 
(P < 0 .01) . Our conclusion displayed that our knockdown system of 
lincRNAs in chicken cell lines is relative reliable and efficacious for 
Marek’s disease studies . Furthermore, the candidate lincRNA3 could be 
related to Marek’s disease and was expected to explore its deep functions 
on genome-wide in our next studies .

Key Words: chicken, Marek’s disease, lincRNAs, shRNAs, knockdown

136   Analysis of beak shape in domestic turkeys using land-
mark-based geometric morphometrics. Hillary A . Dalton*1, Stepha-
nie Torrey1, Benjamin J . Wood1,2, Tina M . Widowski1, and Michele T . 
Guerin1, 1University of Guelph, Guelph, ON, Canada, 2Hybrid Tur-
keys, Kitchener, ON, Canada.

Diversity in beak shape has been traditionally quantified using linear 
measurements of length and width . However, these univariate measures 
do not provide geometric information on shape independent of size . 
Geometric morphometrics have overcome this limitation by employing 
landmarks to examine shape variability that remains unchanged after 
scaling . The knowledge gained through morphometric analyses has been 
successfully adapted for several taxonomic and genetic applications, 
including the estimation of genetic variation in the shape of physical 
traits in several species . The objective of this study was to assess beak 
shape variation within a line of domestic turkeys using geometric 
morphometrics . Right lateral images were taken of 596 untrimmed 
turkeys at 4 wk of age with a background ruler for scaling . Eighteen 
landmarks were digitized along the upper mandible in each image using 
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tpsDig . The landmark coordinates from each turkey were aligned in 
tpsRelw using a Procrustes superimposition with sliding semilandmarks . 
The superimposed landmarks data were then subjected to a principal 
components analysis with MorphoJ . Six principal components (PC) 
cumulatively explained 85 .02% of the total variation in beak shape . 
These components captured shape variability in the depth of the upper 
mandible, particularly at the beak base, as well as variability in the point 
of maximum curvature of the upper beak . In particular, PC1 showed 
a posterior shift in the cutting edge of the mandible accompanied by 
the downward curve of the beak tip . The variation explained by these 
PCs shows the beak shape morphs ranged from straight and shallow to 
deep and highly curved upper mandibles . Although there was variation 
among beak shapes, beak size only accounted for 1 .96% of the total 
shape variation (P < 0 .0001) . Future applications of beak shape vari-
ability could have a genetic and welfare value, such as incorporating 
beak shape variation into breeding criteria to select for blunter beaks 
to prevent damage from injurious pecking .

Key Words: beak shape, geometric morphometrics, turkey, PCA, 
MorphoJ

137   Divergent selection in broilers for high and low percent 
breast yield at 4 days of age. Alex D . Gilley*, James G . Mason, Katy 
J . Tarrant, and Nicholas B . Anthony, University of Arkansas, Fayette-
ville, AR.

There are 2 main forms of muscle growth, hypertrophy and hyperplasia . 
Traditional selection for breast yield occurs relatively late in the growth 
curve, during a time of hypertrophic growth . The perpetual selection for 
increased breast yield at these later stages is hypothesized to be related 
to the increase in meat quality defects . The objective of this selection 
study was to shift the focus from hypertrophic to hyperplasic muscle 
growth by selecting for 4-d percent breast yield and evaluate the effect 
divergent selection for hyperplasia has on growth, yield, and meat quality 
characteristics . In this study, we developed 3 research lines including a 
random bred control (RBC), H4D, and L4D selected for high and low 
percent breast yield at 4 d of age . Divergent selection was conducted 
for 4 generations; thereafter embryonic and post hatch yield measure-
ments were collected from the 3 lines . Three hatches were used to get 
the needed sample size and replications . Embryonic measurements 
(n = 30 per line/age) began at 15 d of incubation and continued until 
hatch. Post-hatch measurements (n ≥ 12 per line/sex/age) were taken 
on 1, 2, 3, 4, 28, 42 and 56 d . Embryonic and post-hatch measurements 
included body, breast, tenders, keel, thigh, drum, heart, liver, spleen, 
pancreas, ileum, duodenum, jejunum, and fat pad weights . On d 42 and 
d 56 meat quality measurements included L*, pH, shear force, and drip 

loss. Significant differences were determined at P ≤ 0.05. Differences in 
percent breast yield between the H4D and L4D line were found as early 
as E19 (19 d of incubation) . Differences in absolute and percent breast 
yield were also present at all post-hatch sampling ages . The increase in 
percent breast yield did not appear to have an effect on the development 
of leg muscle or supply organs, however the H4D line was found to have 
a higher body weight beginning at d2 post hatch . Meat quality differ-
ences were less apparent between the lines . The results from the study 
indicate that improvements in breast yield at early stages in the growth 
curve may complement gains in breast and total yield at market age .

Key Words: broiler, hyperplasia, growth, breast yield, meat quality

138   Separation of frizzle chicks from their normal feath-
ered counterparts within the first week of hatch. Ricky Abo-
agye Poku*1,2, Kwaku Adomako1, Jacob A . Hamidu1, and Oscar S . 
Olympio1, 1Department of Animal Science, Kwame Nkrumah Univer-
sity of Science and Technology, Kumasi, Ghana, 2Akate Farms and 
Trading Company Limited, Kumasi, Ghana.

A study was carried out to investigate the possibility of separating 
day-old chicks carrying the frizzle gene from their normal feathered 
counterparts within the first week of hatch. Eight (8) males carrying the 
frizzle gene were mated to 80 frizzle females carrying the frizzle gene in 
a ratio of 1:10 and the segregation of the offspring were in the proportion 
of 50% heterozygous frizzle, 25% homozygous frizzle and 25% normal 
feathered . There were 7 batches of hatch and 200 day-old chicks from 
each batch, 100 each of heterozygous frizzle and normal feathered, 
were used for the study . The separation of frizzle day-old chicks from 
their normal feathered counterparts were done from d 1 to d 7, using 
each batch of hatch for a particular day’s study beginning with d 7 and 
ending with d 1 with the aid of a magnifying lens. Birds identified to 
be frizzled and normal feathered for all the days were raised in separate 
pens for 14 d when the frizzle feathers were well developed . The chicks 
were then counted to determine the rate of success of separating the 
frizzle from their normal feathered counterparts for a particular day in 
percentages . The results showed that frizzle chicks could be separated 
from their normal feathered counterparts at d 1, 2, and 3 with 85%, 92% 
and 98% rate of success . There was a 100% rate of success when the 
frizzle chicks were separated at d 4, 5, 6, and 7 . When chicks carrying 
the frizzle gene segregate with their normal feathered counterparts in a 
mating, researchers could separate them at d 3 using a magnifying lens 
with 98% success and at d 4 with 100% success .

Key Words: separation, frizzle, normal feathered, magnifying lens, 
day-old chick
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139   Evidence of epigenetic regulation of stress response genes 
in chicken anterior pituitary by acute and chronic stress. Seong 
W . Kang*, Gurueswar Nagarajan, Sandra E . Jacobson, and Wayne J . 
Kuenzel, University of Arkansas, Fayetteville, AR.

Epigenetic-regulated and DNA methylation-regulating genes were 
selected to determine their possible involvement in an avian stress 
response . Acute (AS, 1hr) or chronic (CS, 1 h, 10 consecutive days) 
immobilization stress were subjected to 6 week-old male broilers (n = 
7–8/treatment) . Using real-time RT-PCR, we determined changes in 
gene expression of 8 genes compared with their controls; Additional 
sex combs like 2 (ASXL2), contactin 2 (CNTN2), serotonin receptor 2C 
(HTR2C), and transmembrane protein with ERK-like and 2 follistatin-
like domain-2 (TMEFF2), DNA (cytosine-5-)-methyltransferase 
1 (DNMT1), DNMT1 associated protein 1 (DMAP1), DNMT 3 α 
(DNMT3A) and –β (DNMT3B). Results showed that CNTN2, HTR2C, 
and TMEFF2 mRNAs were decreased by AS (86%, 77%, and 56%, 
respectively, P < 0 .001), and ASXL2, however, was slightly increased 
by AS (14%, P < 0 .001) . ASXL2, HTR2C and TMEFF2 mRNA were 
decreased by CS (24%, 60%, and 57%, respectively, P < 0 .01) . DNMT1 
and DNMT3B mRNAs were increased by AS (38%, and 36%, respec-
tively, P < 0 .05), but decreased by CS (35%, and 41%, respectively, 
P < 0.01). AS and CS did not significantly change DNMT3A mRNA 
(P = 0 .09, P = 0 .192, respectively) . Although the expression level of 
the DMAP1 was slightly increased (10%) by AS (P < 0 .05), a marked 
decrease of 28% occurred following CS (P < 0 .005), indicating over-
all that the downregulation of 3 possible epigenetic controlled genes 
(CNTN2, HTR2C, and TMEFF2) by AS, and downregulation of ASXL2, 
HTR2C, and TMEFF2 by CS were the predominant effects . In conclu-
sion, DNMT3B may become activated for de novo DNA methylation 
for the downregulation of acute stress-induced genes, CNTN2, HTR2C, 
and TMEFF2 . Downregulation of DNMT1 and DMAP1 by CS suggest 
that a passive demethylation may be one of stress adaptive mechanisms 
occurring at the level of the chicken anterior pituitary . This study was 
supported in part by NSF grant #IOS-0842937 and the Arkansas Biosci-
ences Institute grant .

Key Words: stress, anterior pituitary, epigenetics, gene regulation, 
DNA methylation

140   Major histocompatibility complex variation in heritage 
chicken breeds. Janet E . Fulton*1, Hank L . Classen2, and Doug R . 
Korver3, 1Hy-Line International, Dallas Center IA, 2University of Sas-
katchewan, Saskatoon, SK, Canada, 3University of Alberta, Edmon-
ton, AB, Canada.

The chicken major histocompatibility complex (MHC) is very strongly 
associated with disease resistance and thus is a very important region 
of the chicken genome. Historically, MHC has been identified by the 
use of serology with haplotype specific alloantisera. These antisera 
can be difficult to produce and frequently cross-react with multiple 
haplotypes and hence their application is generally limited to inbred 
and MHC-defined lines. As a consequence very little information about 
MHC variability in heritage chicken breeds in available . DNA based 
methods are now available for examining MHC variability in these 
previously uncharacterized populations . A high density SNP panel 
consisting of 84 SNP that span a 210,000-bp region of the chicken 
MHC was used to examine MHC variability in 12 heritage popula-
tions of chickens; 10 from the University of Alberta and 2 from the 
University of Saskatchewan with 67–96 samples per population . The 

breeds included 3 heritage broiler lines, 3 Barred Plymouth Rock and 
one each of Rhode Island Red, New Hampshire, Light Sussex, White 
Leghorn, Dark Brown Leghorn, and a primarily Fayoumi synthetic 
line . These heritage breeds were found to contain 37 different MHC 
haplotypes, with one to 10 haplotypes per line . Some of these hap-
lotypes were identical to serologically defined haplotypes, but many 
were novel . Furthermore, 5 MHC recombinants with their respective 
parental haplotypes were identified. This survey confirms the value of 
these non-commercially utilized lines in maintaining genetic diver-
sity. The identification of multiple MHC haplotypes and novel MHC 
recombinants indicates that diversity is being generated and maintained 
within these heritage populations .

Key Words: MHC variability, heritage breeds, SNP genotype, haplotype

141   DNA methylation patterns associated with the resistance of 
Marek’s disease. Yanghua He*1, Huanmin Zhang2, Robert L . Taylor 
Jr .3, and Jiuzhou Song1, 1University of Maryland, College Park, MD, 
2USDA, Agricultural Research Service, Avian Disease and Oncology 
Laboratory, East Lansing, MI, 3West Virginia University, Morgantown, 
WV.

Marek’s disease virus (MDV) induces a T cell lymphoma of domestic 
chickens that causes severe economic loss . MDV is a naturally onco-
genic, highly contagious, cell-associated α-herpesvirus. Resistance to 
Marek’s disease (MD) and disease risk are influenced both by genetic 
and environmental factors (e .g ., virus) . The combination of these 
factors contributes to the observed outcome in an individual . DNA 
methylation, as an interaction of genetic and environmental effects, is 
adapted for a specific cellular memory function in individual devel-
opment . To achieve greater MD control, further investigation of the 
host-virus interaction mechanisms that affect MD resistance is needed . 
This study analyzed DNA methylation patterns based on methyl-CpG 
binding domain (MBD) protein-enriched genome sequencing (MBD-
seq) in 2 highly inbred parental lines 63 and 72, as well as 5 recombi-
nant congenic strains (RCS) [C, L, M, N and X strains] . Lines 63 and 
72 are MD resistant and susceptible, respectively, whereas the RCSs 
have different combinations of 87 .5% line 63 and 12 .5% line 72 . Forty 
thousand enriched regions of DNA methylation were explored indi-
vidually . Differential methylated regions (DMRs) between the parental 
lines and the 5 RCSs were captured based on binding affinity evidence. 
Furthermore, some shared DMRs, validated by pyrosequencing and 
bisulfite sequencing techniques, were generally consistent with MBD-
seq data . Importantly, principal component analysis (PCA) showed 
that global DNA methylation profiles of parental lines and RCS strains 
had relational similarities with the corresponding incidence of MD . 
Our results indicate that DNA methylation plays a vital role in MD 
resistance, suggesting that the DMR might be an appropriate genetic 
marker to study the resistance to MD .

Key Words: Marek’s disease, chicken, MBD-seq, DNA methylation, 
differential methylated regions

142   Qquantitative trait loci for blood chemistry components of 
an advanced intercross line of chickens under heat stress. Angelica 
G . Bjorkquist1, Chris M . Ashwell2, Michael E . Persia3, Max F . Roth-
schild1, and Susan J . Lamont*1, 1Iowa State University, Ames, IA, 
2North Carolina State University, Raleigh, NC, 3Virginia Polytechnic 
Institute and State University, Blacksburg, VA, 4University of Dela-
ware, Newark, DE.
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Heat stress negatively affects animal welfare and production efficiency 
in poultry . A highly advanced intercross line (AIL), consisting of the 
F18 and F19 generations of a broiler (heat susceptible) by Fayoumi 
(heat resistant) cross, was used to facilitate fine mapping of genomic 
regions controlling response to heat . Blood was collected from birds 
before and after being exposed to one week of daily heat cycles (7 h/da) 
from 22 to 28 d of age . Blood components measured were base excess, 
pH, hemoglobin delta, hematocrit, glucose, ionized Ca, K, Na, pO2, 
sO2, HCO3, pCO2, and TCO2. Significant (P < 0 .05) changes in blood 
chemistry occurred in response to heat: glucose and pCO2 decreased, 
while base excess, pH, hemoglobin delta, hematocrit, ionized Ca, pO2, 
sO2, HCO3, and TCO2 increased. Many significant (P < 0 .05) pair-wise 
correlations between blood components were identified and persisted 
from homeostasis (before heat) into the heat-stress period . Birds were 
genotyped using a 600K Affymetrix chicken SNP array to identify 
quantitative trait loci (QTL) . Using a Baysian B analysis in GenSel, 
significant QTL were identified for each measured trait. Chromosomes 
21, 22, and 27 had the most QTL with effects across several phenotypes . 
The overlap of QTL locations for different blood components was 
generally consistent with the identified phenotypic correlations. Genes 
within 200Kb of significant QTL and identified gene ontology terms 
related to cellular stress including response to corticotropin-releasing 
hormone stimulation, general adaptation syndrome, and oxidation-
reduction processes . This study establishes the basis of genetic control 
of important physiological parameters (blood chemistry components) 
that can be monitored on the live bird before and during heat stress, and 
indicates the feasibility of improving performance under hot conditions 
by genomic selection .

Key Words: GWAS, blood chemistry, advanced intercross line, chicken

143   Progress of the Canadian Animal Genetic Resources in the 
preservation and regeneration of chicken gonads. Carl Lessard*1,2, 
Crissandra Auckland1, and Pamela Hind1, 1Agriculture and Agri-Food 

Canada, Saskatoon, SK, Canada, 2University of Saskatchewan, Saska-
toon, SK, Canada.

For a conservation program like the Canadian Animal Genetic Resources 
(CAGR), preservation strategy using vitrification and transfer of gonads 
offers great advantages to conserve the entire genome of an avian breeds 
with a minimum of resources . This study report the progress of CAGR 
to apply these preservation techniques at the facilities located at the 
University of Saskatchewan . Two breeds were used in this strategy: 
Barred Plymouth Rock (donor), commercial line (recipient) . Gonads 
were harvested from the newly hatched birds of the donor line and 
they were stored in liquid nitrogen after using a standard vitrification 
protocol. At time of surgical transfer, the vitrified-warmed gonads 
were put in a holding medium for a maximum of 3 h . All gonads of the 
recipient were surgically removed when it was possible and the vitrified-
warmed gonads of the donor were positioned at the same location . 
After the surgery, recipients received a daily dose of an immunosup-
pressant for a period of 2 weeks and followed by a weekly dose for a 
period of 6 weeks . At reproductive maturity, recipient females laying 
eggs were inseminated with semen manually collected from a Barred 
Plymouth Rock rooster, produced eggs were collected for a period of 
7 d and incubated until hatching to determine the color of the feathers 
of the chicks . For the male recipients, potential graft were collected 
after cervical dislocation and the genotypic profile was compared with 
the recipient using a panel of microsatellite markers . In 2014, 7 males 
and 15 females of the recipient line received vitrified-warmed gonads 
from the donor line . Unfortunately, none of the 15 females successfully 
sustained the development of a gonadal graft . All produced eggs were 
from the remnant ovary of the recipient . Among the 7 males, one of 
them had a graft corresponding to the donor genome and matured and 
motile sperm . This limited success of preservation and transfer of gonads 
could be explained by suboptimal conditions of vitrification procedures 
for the gonads of the donor line or the immunosuppressive treatment 
on the recipient line .

Key Words: preservation, gonads, vitrification, transfer, graft
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144   Utilization of Mexican Sunflower leaf Tithonia diversifolia 
Hemsley A Gray on average production cost and returns of guinea 
fowl. A . H . Ekeocha*, Federal University Oye-Ekiti, Oye, Ekiti, 
Nigeria.

An 84-d feeding trial was conducted to evaluate the utilization of 
Mexican sunflower leaf (MSL; Tithonia diversifolia) as dietary fiber 
source and economic of gain in guinea fowl diets . Five straight diets 
were formulated to contain the MSL at dietary levels of 0, 1 .5, 3 .0, 4 .5, 
and 6 .0% as a replacement for wheat bran . Ninety day-old keets were 
randomly allotted to the 5 diets containing 3 replicates per treatment with 
6 keets per replicate in a completely randomized design (CRD) . Feed 
and water were provided ad-libitum and routine medications and vac-
cinations administered . Data were analyzed using descriptive statistics 
and ANOVA . The study investigated the performance and economic 
of gain. The results show a significant (P < 0 .05) decrease in all the 
parameters measured for performance characteristics. The final body 
weight, daily weight, daily feed intake, and daily protein intake were 
generally higher in the birds fed control diet (0% MSL) . There were 
significant (P < 0 .05) differences in daily feed intake and daily protein 
intake between the control diet and the other groups, while daily weight 
gain, feed conversion ratio and protein efficiency ratio were statistically 
the same (P > 0 .05) across board except at 6% level where there was 
a fall in weight gain. Digestible crude fiber values significantly (P < 
0 .05) decreased with increasing levels of MSL in the diets while the 
other digestibility percentages were comparable (P > 0 .05) in all dietary 
treatments . Cost per kg feed decreased as the level of MSL inclusion in 
the diets increased while the cost per kg weight gain showed that birds 
fed on diet C (3 .0% MSL) were the most economical to produce . The 
results suggest that Mexican sunflower leaf (MSL) could replace wheat 
bran in guinea fowl diet up to 6.0% as a dietary fiber source before 
envisaging deleterious effect .

Key Words: Mexican sunflower leaf, average production cost, guinea 
fowl

145   In-feed supplementation with 3 Bacillus spp. probiotic 
strains alleviates the effects of a necrotic enteritis challenge in 
broilers. Alexandra L . Wealleans* and Ceinwen E . Evans, Danisco 
Animal Nutrition, DuPont Industrial Biosciences, Marlborough, UK.

Two studies evaluated the effect of a combination of 3 Bacillus spp . 
probiotic strains (EP) on the growth performance of broiler chicks under 
a necrotic enteritis (NE) challenge . Three dietary treatments were tested, 
including an unchallenged control (UC) based on unmedicated corn-
SBM-DDGS, a challenged control (CC), and CC supplemented with EP 
at 150,000 cfu/kg feed . Experiment 1 used 1050 male broiler chicks with 
7 replicates per treatment; 50 birds/replicate . Experiment 2 used 1152 
male broiler chicks with 8 replicates/treatment; 48 birds/replicate . Both 
experiments used built up litter and birds were artificially challenged 
with Necrotic Enteritis by dosing with a broth culture of Clostridium 
perfringens after a commercial coccidiosis vaccine challenge before 
placement in treatment pens. A field isolate of C. perfringens known to 
cause NE and originating from a SE commercial broiler operation was 
utilized as the challenge organism . Means separation was achieved using 
Tukey’s Honest Standard Difference test in the Fit Model platform of 
JMP 11; trial was included as a random effect . CC negatively impacted 
birds’ performance compared with UC, reducing weight gain by 40g/bird 
(d0–21), 73g/bird (d21–42) and 113g/bird overall . FCR was increased by 
0 .19 (d0–21), 0 .12 (d21–42) and 0 .14 overall . Addition of EP returned 

bird performance to the level of the unchallenged control (ADG 0–21d: 
549 .99g UC, 536 .98g CC+EP, P > 0 .05; 0–42d: 2092 .86g UC, 2096 .69g 
CC+EP, P > 0 .05), as well as reducing mortality (6 .11% CC, 2 .43% 
CC+EP) and lesion scores (0 .45 CC, 0 .12 CC+EP) compared with the 
CC diet . At 42 d, the addition of EP reduced mortality-corrected FCR by 
16 points compared with CC . This is equivalent to a saving of $130,000 
per million birds and confirms the ability of these Bacillus strains to 
alleviate the effects of an NE challenge in unmedicated broiler diets .

Key Words: Bacillus, broiler, necrotic enteritis, performance, probiotic

146   Effects of supplementation with a β-glucanase/xylanase 
enzyme mix and a commercial blend of functional oils on broiler 
chickens fed wheat-barley based diets. Joan Torrent*1 and Enric 
Esteve-Garcia2, 1Oligo Basics USA LLC, Cary, NC, 2Institut de 
Recerca i Tecnologia Agroalimentàries (IRTA), Reus, Spain.

A performance and a metabolizability study were conducted to deter-
mine the effects of the supplementation of a commercial blend of func-
tional oils, containing cashew nut shell liquid and castor oil as active 
ingredients (Essential, Oligo Basics Agroind . Ltda ., Cascavel, Brazil), 
on broiler chickens fed wheat/barley diets with and without enzyme 
supplementation . Treatments were (1) no supplementation; (2) 0 .0125% 
of a β-glucanase+xylanase enzyme preparation (Endofeed DC; Andreu 
Pintaluba, S .A . Reus, Spain); (3) 0 .15% Essential; (4) 0 .0125% of the 
enzyme preparation + 0 .015% Essential . The feeding programs consisted 
of a starter (1–21 d; 2950 kcal ME/kg and 22% CP) and a grower diet 
(22–35 d; 3050 kcal ME/kg and 19% CP) . In the performance study, 600 
one-day male broiler chicks were randomly distributed in 24 pens and 
assigned to one of the 4 diets . In the metabolizability study, 192 d-old 
male broiler chickens were randomly allocated into 96 battery cages and 
fed one of the 4 treatments . Results from both experiments were analyzed 
using a 2 × 2 factorial design . Whereas ADG was not affected by any 
of the treatments, feed intake was decreased by the supplementation of 
enzymes from 1 to 21 d (P < 0 .01) and from 1 to 35 d (P < 0 .04) . Feed 
gain ratio (g/g) was improved from 1 to 21 d (P < 0 .01) by the enzyme 
supplementation and tended to be improved by the supplementation 
of Essential from 21 to 35 d (P = 0 .09) . Results from the digestibility 
study showed that the supplementation of the enzymes improved the 
AME (P < 0 .001), AMEn (P < 0 .001), and EE retention (P < 0 .001) . 
Also, enzyme supplementation tended to improve N digestibility (P = 
0 .08) and improved N retention (P = 0 .02) . Essential tended to increase 
N digestibility only when enzymes were supplemented (P = 0 .08) . In 
conclusion, although the supplementation of Essential did not positively 
affect any parameters in the metabolizability study, its supplementation 
in combination with xylanases and β-glucanases in wheat/barley based 
diets tended to improve N digestibility and performance .

Key Words: β-glucanase, xylanase, functional oil, performance, 
metabolizable energy

147   Reducing Escherichia coli colonization in artificially chal-
lenged turkey using a feed supplemented natural growth promoter 
product. Attila Kovács*1, Luca Vandi1, Paola Massi2, and Giovanni 
Tosi2, 1Biomin Holding GmbH, Herzogenburg, Austria, 2Istituto 
Zooprofilattico Sperimentale della Lombardia e dell’Emilia Romagna, 
Forli, Italy.

Supplementing feed with a natural growth promoter product can reduce 
E.coli counts in turkey intestinal tract . A 30-d trial was conducted to 
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study the effects of dietary supplementation with a blend of formic, 
propionic and acetic acids combined with cinnamaldehyde and a per-
meabilizing substance (NGP, Biotronic Top3, Biomin, Austria) on the 
reduction of E. coli counts in turkey intestinal tract . From day of hatch, 
60 BUT female turkey chicks were randomly assigned to 3 treatments of 
20 chicks each and placed in isolators . A control group (NC) received a 
commercial diet with no antibiotic or NGP, trial group (NGP) received 
feed supplemented with 2 kg NGP/ton of feed and positive control group 
(PC) received antibiotic growth promoter (Enrofloxacin at 0.5 mL/L of 
water from d 11 to d 20) supplemented water . On d 10 the animals in 
all groups were orally challenged with E. coli O78 at a concentration 
of 1 .38 × 108 cfu/mL . The trial lasted for 30 d . Bacterial counts of the 
intestinal tract were recorded on d 20 and 30 . The results (Table 1) of the 
NGP group showed a significant (P < 0 .05) reduction of E. coli counts in 
the intestinal tract compared with NC and PC . The NGP supplemented 
diet significantly reduced E. coli counts in the intestinal tract of turkey .

Table 1. Bacterial counts in the intestinal tract of turkey at day 20 and 30 of the 
experiment (log cfu/g)

Parameter NC PC NGP
E. coli count d 20 7 .42a ± 0 .78 7 .24a ± 1 .18 6 .22b ± 0 .83
E. coli count d 30 8 .09a ± 0 .21 7 .89a ± 0 .31 6 .01b ± 0 .40
a,bValues not sharing the same letter within a row were significantly different 
(P < 0 .05) .

Key Words: Escherichia coli, permeabilizing complex, organic acids, 
turkey

148   Response of laying hens to dietary yeast cell wall (Sac-
charomyces cerevisiae) supplementation. Natália T . G . Koiyama1, 
Brunna G . S . Leite1, Lúcio F . Araújo1, Cristiane S . S . Araújo2, Melina 
A . Bonato*3, and Ricardo L . C . Barbalho3, 1Faculdade de Zootecnia e 
Engenharia de Alimentos, Universidade de São Paulo,  Pirassununga, 
SP, Brazil, 2Faculdade de Medicina Veterinária e Zootecnia, Universi-
dade de São Paulo, Pirassununga, SP, Brazil, 3ICC Industrial Comér-
cio Exportação e Importação Ltda., São Paulo, SP, Brazil.

Although the effects of yeast cell wall are proven and the product is exten-
sively used in broiler nutrition, its benefits are still poorly understood in 
laying hen nutrition . Based on this, one study was conducted to evaluate 
the effect of dietary supplementation of yeast cell wall on laying hen’s 
productive performance and egg quality . For this, 256 Hy-Line W-36 
laying hens, from 22 to 70 weeks of age, were distributed in a completely 
randomized design with 4 treatments; 0, 0 .225, 0 .45 or 0 .9 kg/MT of 
yeast cell wall product from Saccharomyces cerevisiae . Each treatment 
consisted of 8 replicates of 8 hens each . Birds received water and feed ad 
libitum, and the light program was 16 h per day . Feed intake (FI, g/d), egg 
production (EP, %), egg weight (EW, g), egg mass (EM = EP/100 × EW, 
g/d), feed conversion per dozen (FCD = FI / EP * 12, g/dozen), and feed 
conversion per egg mass (FCM = FI / EM, g/g) were evaluated . The egg 
quality parameters were also measured at each 28 d: albumen height (AH, 
mm), yolk color (YC), Haugh unit [HU = 100 × log (AH – 1 .7 EW0 .37 
+ 7 .6)], breaking strength (BS, kgf), and shell thickness (ST, mm) . Data 
were analyzed using the GLM (SAS) and means compared by Tukey (P 
= 0 .05) . Yeast cell wall supplementation improved (P < 0 .05) FI (96 .24 
vs . 93 .51 g/d), EP (85 .35 vs . 80 .67%) and EM (50 .97 vs . 48 .27 g) at 0 .45 
kg/MT inclusion rate, when compared with control group . There was no 
significant difference (P > 0 .05) between treatments for EW, FCD or FCM . 
Regarding egg quality parameters, laying hens fed yeast-added diets at 
0 .45 kg/MT had better (P < 0 .05) AH (8 .02 vs . 7 .67 mm) and HU (88 .65 
vs . 86 .54) compared with unsupplemented hens . However, YC was greater 

(P < 0 .05) for control group hens, when compared with supplemented 
groups . For the parameters BS and ST, no statistical differences (P > 0 .05) 
between treatments were found . This study demonstrated that yeast cell 
wall supplementation to laying hens at 0 .45 kg/MT increased production 
performance (EP +5 .8% and EM +5 .6%) and internal egg quality (AH 
+4 .6% and HU +2 .4%) throughout the entire production period .

Key Words: egg production, egg quality, feed conversion, Saccharo-
myces cerevisiae supplementation

149   Effect of eubiotic administration to broiler feed on Ileal 
morphology and microbiology under Clostridium perfringens chal-
lenge. Alaeldein Abudabos*, King Saud University, Riyadh, Saudi 
Arabia.

This study was conducted to assess the effect of prebiotics (TechnoMos), 
probiotics (GalliPro) and their combination on intestinal histomorphol-
ogy and bacterial cell counts of broilers . A total of 240 one-day-old (Ross 
308) birds were randomly assigned into 6 treatments with 8 replications 
(5 birds per replication) . Chicks of group 1 (control group) were fed 
with diets that were not supplemented with the probiotic, prebiotic or 
antimicrobial growth promoter (AGP) . The chicks of group 2 were fed 
with the control starter and finisher diets and the chicks were subjected 
to Clostridium perfringens challenge . The chicks of groups 3, and 4 
were fed with diet 2 supplemented with 0 .005 g, and 0 .2 g of AGP and 
probiotics per kg feed, respectively . Chicks of group 5 were fed with 
the diet 2, plus 0 .75g prebiotic per kg feed in the starter period and 0 .6 
g per kg in the finisher period. Chicks of group 6 were fed with diet 
2, plus (0 .2 g probiotic/kg + 0 .6 g prebiotic/kg) for starter and (0 .2 g 
probiotic/kg + 0.5 g prebiotic/kg) for the finisher period. Results showed 
that the birds that were challenged and were given AGP, probiotic, pre-
biotic or symbiotic had no lesions or hemorrhages . It can, therefore, be 
concluded that these supplements were helpful in reversing the negative 
effects of the bacterial challenge . Gram-negative bacilli were found to 
be the same among all groups (P > 0 .05), which is an indication that the 
AGP, probiotic, prebiotic or symbiotic tested in this trial had no influ-
ence on gram-negative bacteria . The positive modulation in intestinal 
morphology and microbiology as observed in this study supported the 
concept that gut condition and function can be improved by dietary 
supplementation other than AGP .

Key Words: antimicrobial growth promoter (AGP), probiotic, prebiotic, 
symbiotic, Clostridium perfringens

150   Evaluation of different commercially available sulfonamide 
residues in commercial poultry before and after cooking. Haseeb 
Anwar* and Imran Mukhtar, Department of Physiology, Government 
College University, Faisalabad, Pakistan.

In the current study withdrawal periods of commonly used sulfonamides 
(sulfadiazine, sulfathiazole and sulfamerazine) were quantitatively 
compared in broilers (n = 45) using high performance liquid chroma-
tography (HPLC) with UV detector . After acclimatization of 2 d, birds 
were divided into 3 groups: sulfadiazine (SD), sulfathiazole (ST) and 
sulfamerazine (SM) . Sulfadiazine (60 mg/mL), sulfamerazine (100 
mg/mL) and sulfathiazole (40 mg/mL) were given at a dose rate of 
0 .4 mL/L in drinking water for 5 consecutive days . At the end of the 
treatment, birds were slaughtered for 4 consecutive days in each group 
to collect muscle and liver samples . The HPLC was performed with a 
mobile phase comprised ammonium acetate (0 .01 M) and acetonitrile 
(85:15 v/v). Twenty microliters of sample was injected at a flow rate 
of 1 mL/min at 266 nm wavelength . The data were compared using 
two-way ANOVA and DMR . No drug residue was found in ST and SM 
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group at any sampling day; however, drug residues in meat and liver 
samples of SD group were found higher (P = 0 .05) than the maximum 
residue limit until the 3rd day of sampling, depicting a withdrawal time 
of a minimum 3 d for SD . During second phase of study, the effect of 
electric oven (200°C for 40 min) and microwave cooking (900 W for 3 
min) on SD residues in meat was evaluated . It was observed that both of 
the cooking methods reduced (P = 0 .05) SD residues in meat samples .

Key Words: antibiotics, broiler, residue, sulfonamide, cooking

151   Effects of commercial probiotic preparations on the hema-
tological, immunological, and biochemical traits of layers. Juliana 
Bawah*1,2, Stephen A . Osei2, Kwaku Adomako2, Daniel B . Okai2, and 
John Baah3, 1Department Animal Science, University for Develop-
ment Studies, Tamale, Ghana, 2Department of Animal Science, Kwame 
Nkrumah University of Science and Technology, Kumasi, Ghana, 
3Ruminant Nutrition/Microbiology, Agriculture and Agri-Food, Leth-
brigde, AB, Canada.

An experiment was conducted to determine the effects of 3 commercial 
probiotic preparations (RE-3, RE-3 plus and P3) on the hematologi-
cal, immunological and biochemical characteristics of layer chickens 
using four hundred 40-wk-old local-exotic crossbred (96 .88% exotic 
and 3 .12% local) layers . They were allotted to 4 treatments which were 
named T1, T2, T3 and T4 . Layers on the control (TI) treatment received a 
layer diet without probiotics; their counterparts on the 3 other treatments 
received the same layer diet which contained 1 .5 mL of RE3 /kg, 1 .5 
mL of RE-3 Plus/kg and 1 .5 mL of P3/kg, respectively . Each treatment 
had 4 replications with 20 layers in a completely randomized design 
(CRD) . Birds were fed ad libitum for 24 wk with a diet containing 18% 
crude protein and 2754 kcal/kg of energy and housed in an open sided 
deep litter pen of dimension 3 .00 m × 1 .8 m given a total area of 5 .4 m2/
pen and affording a space per bird of 0 .216m2 with wood shavings as 
the litter material . Blood samples were collected randomly from 2 birds 
from each replicate on the starting date before probiotics were introduced 
and were taken subsequently once every 3 mo from their wing vein into 
anticoagulant (heparin) bottles and analyzed for RBC, HB, PCV, WBC, 
MCH, platelets, IgA, IgM among others using a hematological auto 
analyzer . Hematologic parameters (WBC, RBC, HB, PCV, MCV, MCH, 
MCHC, and Lymph) determined showed no significant differences (P > 
0 .05) for all treatments . Albumin and globulin, total protein, CD3 and 
CD4 did not differ significantly (P > 0 .05) for all layers . The results of 
the study showed that the 3 commercial probiotics (RE-3, RE-3 plus and 
P3) preparations can be included at a level of 1 .5 mL in every kilogram 
of layer diet without any adverse effect on the health of layers .

Key Words: Layers, probiotics, hematological, biochemical, immu-
nological traits

152   Effect of a garlic product on growth performance, ileal 
characteristics, and serum immune parameters in broiler chick-
ens. Nathan L . Horn*1, Guy Miller2, Frank Ruch3, Kolapo M . 
Ajuwon1, and Olayiwola Adeola1, 1Purdue University, West Lafayette, 
IN, 2Biomatrix, Princeton, MN, 3JBS United, Sheridan, IN.

The objective of the current experiment was to evaluate the effect of a 
garlic product on broiler chicken growth performance, ileal morphology 
and mucosal gene expression, and serum immune parameters . At 28-d 
post-hatching, male broilers were allotted on the basis of IBW (1 .34 kg 
± 0 .106) in a RCBD to one of 6 treatments that consisted of administra-
tion of 0, 1, 2, 4, 8, or 16 mg garlic product per kg bodyweight with 
8 replicates per treatment and 4 broilers per cage . The garlic product 
was administered by daily oral gavage for 6 d and broilers were fed a 

common grower diet with chromic oxide included as an indigestible 
marker . Growth performance was recorded and excreta were collected 
for subsequent analysis of DM, N, and E retention . Furthermore, on the 
last day of the experiment, the median bird in each pen was euthanized 
and the mid ileum was excised for morphological and gene expression 
measurements and blood was collected for serum natural antibody and 
complement assays . Mucosal gene expression was conducted by RT PCR 
for mucin (MUC2), interleukin 8 (IL-8), tumor necrosis factor (TNF-α), 
interleukin 6 (IL-6), claudin 1 (CL-1), occludin (OC), zonula occludens 
1 (ZO-1), and zonula occludens 2 (ZO-2) . Body weight gain was linearly 
increased (P < 0 .01) with garlic supplementation but ADFI and feed 
efficiency were not affected. Furthermore, there was a linear increase 
(P = 0 .01) in villous height with garlic supplementation but no effect of 
treatment on crypt depth . The breakpoint for BW gain and villous height 
were reached at a garlic intake level of 7 .73 and 3 .43 mg per kg BW, 
respectively . There was a quadratic effect (P < 0 .01) of garlic supple-
mentation on retention of DM, N, and E . Garlic supplementation had no 
effect on gene expression markers although there was a tendency for an 
increase (P = 0 .10) in serum natural antibody activity due to treatment . 
Results from the current study indicate that supplementation of a garlic 
product improves BW gain and retention of DM, N, and E and affects 
ileal morphology and serum immune parameters in broiler chickens .

Key Words: broiler, garlic, growth, gene expression, nutrient retention

153   Effects of a calcium bentonite clay in diets containing 
aflatoxin when measuring liver residues of aflatoxin B1. Justin 
Fowler*1, Wei Li2, and Christopher A . Bailey1, 1Texas A&M Univer-
sity System, College Station, TX, 2Office of the Texas State Chemist, 
College Station, TX.

The inclusion of clay-based adsorbents as aflatoxin binders in animal 
feeds has been shown through recent decades of research to have a sig-
nificant protective effect against aflatoxicosis. Although these products 
are generally recognized as safe as anti-caking agents, no adsorbent 
has been approved for the prevention or treatment of aflatoxicosis. 
Concerns over aflatoxin residues in edible tissues are part of the reason 
why . This study evaluated the ability of a calcium bentonite clay (TX4) 
to sequester aflatoxin by measuring liver residues of aflatoxin B1 . Four 
mash basal diets were prepared by blending increasing concentrations of 
aflatoxin-contaminated and non-contaminated corn. Each diet was then 
sub-divided and one received 0 .2% of TX4 . The 8 diets were analyzed 
for total aflatoxins by the Office of the Texas State Chemist and were fed 
to birds for 3 weeks. A corn-soy finisher diet was formulated using non-
contaminated corn to be fed to all birds during a final clearance period. 
A total of 336 straight-run, Ross-308 chicks were randomly placed 
into one of 56 pens and allowed ad libitum access to feed and water . At 
weekly intervals, feed intake and body weight per pen were recorded and 
organ weights were collected . Tissue extracts from collected livers were 
subjected to tandem LC-MS analysis to detect aflatoxin B1 . Data were 
analyzed as a 2-way ANOVA for main effects of clay, aflatoxin, and their 
interaction using the GLM procedure of SPSS. Significant means (P = 
0 .05) were separated using Duncan’s Multiple Range Tests . Results after 
one week showed that TX4 was effective at reducing the accumulation 
of aflatoxin B1 in liver. However, after the first week, liver residue data 
were no more sensitive in evaluating aflatoxin or clay effects compared 
with the typical measures of growth and organ weights. During the final 
week on aflatoxin, only birds that had been consuming the highest level 
of aflatoxin (1800 ppb) without clay had detectable levels of aflatoxin 
B1 . These results also showed that the clearance time required to clear 
residues from the liver is less than 1 wk on a clean corn diet .

Key Words: aflatoxin, bentonite, liver
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154   Inclusion of Na-butyrate in diets based on corn or wheat: 
Effects on growth performance and nutrient retention in broilers from 
1 to 40 d of age. L . Cámara1,2, M . V . Kimiaeitalab1, I . Solís1, B . Saldaña1, 
A . Ortiz3, and G . G . Mateos*1,2, 1Departameto de Producción Agraria, 
Universidad Politécnica de Madrid, Madrid, Spain, 2CEI Campus Mon-
cloa, UCM-UPM, Madrid, Spain, 3Nutega, S. L, Madrid, Spain.

The effects of inclusion of 0 .1% of a chemically protected Na-butyrate 
(Butirex C4, Nutega, S . A .) in the diet on growth performance and total-
tract apparent retention (TTAR) of broilers were studied . There were 8 
treatments arranged as a 2 × 2 × 2 factorial with 2 sources of cereal (wheat 
and corn), 2 AMEn content of diets [high energy (HE) and low energy 
(LE) differing in 60 kcal AMEn/kg], and 2 levels of protected Na-butyrate 
(0 vs . 0 .1%) . Each treatment was replicated 4 times and the experimental 
unit was a pen with 25 broilers . The experiment consisted in 3 feeding 
phases (starter, grower, and finisher). For the entire experimental period 
(0 to 40 d), feed conversion ratio (FCR) was better in broilers fed the corn 
diet (P < 0 .05) than in broilers fed the wheat diet and for broilers fed the 
HE diets (P ≤ 0.01) than for broilers fed the LE diets. Also, the inclusion 
of Na-butyrate tended to increase ADFI (P = 0 .09) in this period . From 0 
to 20 d of age, broilers fed the corn diet ate less feed and had better FCR 
than broilers fed the wheat diet (P < 0 .001) . Chicks fed the low energy 
diets had proportionally greater ADFI (5 .9%) and worse FCR (5 .3%) than 
broilers fed the HE diet (P < 0 .001) . Also in this period, the inclusion of 
Na-butyrate increased ADG by 8 .6% and ADFI by 4 .8% and improved 
FCR by 3 .6% (P < 0 .001) . The TTAR of DM, OM, and N (P < 0 .01) and 
the AMEn of the diet (P < 0 .001) were higher in broilers fed corn than 
in broilers fed wheat . The AMEn of the diet tended to increase with the 
inclusion of Na-butyrate (P = 0 .09) . In summary, the use of corn and an 
increase in energy content of the diet improved FCR from 0 to 40 d of 
age . The supplementation with Na-butyrate improved ADG and FCR at 
20 d of age, irrespective of the main cereal and energy content of the diet .

Key Words: broiler, cereal, growth performance, Na-butyrate

155   Effect of dietary sunflower hulls on nutrient digestibility, ileal 
morphology, and volatile fatty acid concentration in broilers and pul-
lets fed a broiler diet from 1 to 21 days of age. M . V . Kimiaeitalab1, L . 
Cámara1, E . Jiménez-Moreno2, S . Mirzaie Goudarzi3, H . A . Mandalawi1, 
and G . G . Mateos*1, 1Producción Agraria, Universidad Politécnica de 
Madrid, Madrid, Spain, 2Cargill Animal Nutrition, Zaragoza, Spain, 
3Department of Animal Science, Buali Sina University,  Hamedan, Iran.

The effects of sunflower hulls (SFH) inclusion on performance, TTAR of 
nutrients, ileal mucosa morphology, and volatile fatty acid (VFA) concen-
tration in the ceca were studied in birds from 1 to 21 d of age . There were 
4 treatments organized as 2 × 2 factorial with 2 chicken lines (broilers vs . 
pullets) and 2 levels of SFH (0 vs . 3%) . Each treatment was replicated 7 
times (10 birds) . The corn-soybean meal control diet contained 3,010 kcal 
AMEn/kg, 1 .25% digestible Lys, and 8 .7% NDF . In the experimental diet, 
SFH was included at the expense (wt:wt) of the control diet . Diets were 
offered in mash form . No interactions between main effects were detected 
for any trait . From 1 to 21 d of age, ADG was greater and FCR was better 
in broilers than in pullets (P < 0 .001) but SFH inclusion did not affect bird 
performance . The TTAR of all nutrients was higher (P < 0 .05) in broilers 
than in pullets . The inclusion of SFH improved AMEn of the diet (P < 
0 .05) at both ages and DM and N retention (P < 0 .001) at 21 d . Broilers 
had larger villus and deeper crypt (P < 0 .01) than pullets . Broilers tended 
to have higher (P = 0 .077) cecal proportion of acetate than pullets but no 
effects were observed for the other VFA . SFH inclusion tended to increased 
villus height (P < 0 .05) and cecal proportion of acetate and propionate (P 

< 0.01). In summary, broilers grew faster, were more efficient, had higher 
ileum absorptive capacity, TTAR of nutrients than pullets . The inclusion 
of 3% SFH in substitution (wt:wt) of the whole diet improved AMEn 
without showing any negative effect on growth performance of the birds .

Key Words: ileal morphology, insoluble fiber, total-tract apparent 
retention, volatile fatty acid

156   The effect of poultry litter biochar on pellet quality, 1- to 
21-d broiler performance, digesta viscosity, bone mineralization, 
and apparent ileal amino acid digestibility. Ashley M . Evans* and 
Joseph S . Moritz, West Virginia University, Morgantown, WV.

Feeding poultry litter biochar (PLB), a result of litter gasification, could 
decrease diet cost, enhance growth performance, and decrease land applica-
tion of manure, contributing to the continued success of poultry production . 
Past research revealed improved pellet quality with dietary inclusion of 
PLB; however, broiler performance was decreased due to potential digesta 
viscosity challenges and heavy metal adulteration . The objective of the cur-
rent study was to assess a low arsenic PLB on descriptive feed manufacture, 
broiler performance, digesta viscosity, bone mineralization, and apparent 
ileal amino acid digestibility (AIAAD) . Treatments were arranged in a 4 
× 2 factorial in a randomized complete block design with 8 replications 
per treatment . The 4 dietary treatments consisted of positive control (PC) 
formulated to 0 .45% non-phytate phosphorus (nPP), negative control for-
mulated to 0 .23% nPP, and 2 or 4% PLB formulated to 0 .45% nPP . Phytase 
either was withheld or included . Contrasts comparing PC ± phytase, and 2 
or 4% PLB ± phytase, were also conducted . Diets were pelleted and ground 
before feeding . Diets containing PLB, regardless of phytase inclusion, 
demonstrated numerical improvement in pellet quality . Birds fed 2 or 4% 
PLB demonstrated increased tibia ash mg/g of gain compared with PC (P < 
0 .0001) . Birds fed 2% PLB demonstrated greater AIAAD for all analyzed 
amino acids compared with PC (P < 0 .05) and birds fed 4% PLB resulted 
in greater cysteine and methionine digestibility compared with PC (P < 
0 .05) . Birds fed 2% PLB with phytase were found to be superior to PC with 
phytase for ending bird weight, live weight gain, and tibia ash mg/bird (P 
< 0 .0001) . Birds fed 4% PLB with phytase were statistically similar to PC 
with phytase for all performance metrics . No differences were observed 
for digesta viscosity (P > 0 .05) . These data demonstrate improved pellet 
quality and bird performance with diets containing PLB that suggest PLB 
can partially replace rock phosphorus in diet formulations .

Key Words: poultry litter biochar, rock phosphorus, viscosity, bone 
mineralization, apparent ileal amino acid digestibility

157   Prevalence of mycotoxins in 2014 US corn samples. 
Ganapathi R . Murugesan*1, Chasity Pender1, Ruben Beltran2, and 
Paula Kovalsky3, 1Biomin America Inc., San Antonio, TX, 2Biomin USA 
Inc., San Antonio, TX, 3Biomin Holding GmbH, Herzogenburg, Austria.

Understanding the occurrence of mycotoxins in newly harvested corn 
is of utmost importance because corn is the major ingredient in most 
feeds . A mycotoxin survey was conducted to determine the prevalence 
of mycotoxins in the corn crop harvested in 2014 in the United States . A 
total of 504 corn samples from 27 states were collected and analyzed for 
aflatoxins (Afla), zearalenone (ZEN), deoxynivalenol (DON), fumonisins 
(FUM), T-2 toxin (T-2) and ochratoxin A (OTA) . 99% of the samples were 
analyzed using liquid chromatography-tandem mass spectrometry and 
the rest using high-performance liquid chromatography . Overall, 87% of 
samples tested were positive for one or more of the major mycotoxins . 
With a prevalence of 62% and an average value of 1,441 ppb, DON was 
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the most frequently occurring mycotoxin . Concentrations of DON exceed-
ing the respective FDA threshold (1,000 ppb; 8%) were predominantly 
found in samples from Midwestern states, Arizona, California and Florida . 
Compared with data from 2013, prevalence of DON in US corn increased 
by almost 2 .5 fold . FUM ranked second among the 6 mycotoxins analyzed 
as 55% of the samples tested were positive for FUM with an average 
value of 4,512 ppb . Samples from 10 states had FUM levels exceeding 
the FDA threshold (5,000 ppb) and accounted for 4% of the samples. Afla 
and ZEN were detected in about 20% of the samples with average con-
tamination levels of 35 and 484 ppb, respectively, with samples from most 
Mid-western states having ZEN levels above 100 ppb . Compared with 
the other mycotoxins, prevalence of T-2 toxin was low (13%), whereas 
OTA was not detected at all . Furthermore, co-occurrence of mycotoxins 
could result in potential additive and synergistic effects as 36% of the 
samples analyzed were co-contaminated with more than one mycotoxin . 
With high levels of prevalence in the 2014 corn crop, DON and FUM 
along with ZEN have the potential to cause subclinical health effects in 
animals, even at comparably low levels in feed . Hence these mycotoxins 
can be regarded as relevant threats in 2015 for US livestock productivity .

Key Words: aflatoxin, zearalenone, deoxynivalenol, fumonisin, survey

158   Corn co-products as feed ingredients for broiler chickens. 
Alyson E . Gautier*1, Victor G . Perez2, John Less2, and Ryan N . Dilger1, 
1University of Illinois, Urbana, IL, 2ADM Animal Nutrition, Decatur, IL.

The objective of this study was to determine whether corn steep liquor 
(CSL; 50% DM) influences the energy value o f corn germ meal (CGM) 
and alters growth responses when fed to broiler chickens . Ten replicate 
battery pens of day-old Ross 308 male broilers [6 and 5 chicks/pen in the 
starter (d 0–14) and grower (d 14–28) phases, respectively] received 1 
of 6 pelleted diets during a 28-d growth assay . Six corn-soybean meal-
based diet were supplemented with combinations of CSL (0, 5, or 10%) 
and CGM (0 or 10%) in a factorial arrangement of treatments . Diets were 
formulated to contain 0 .98% Ca, 0 .48% available P, and equal and adequate 
concentrations of digestible Lys, Met, Thr, and Trp . Importantly, every 5% 
increment in CSL increased dietary moisture content by ~2 percentage 
units and reduced dietary ME by ~84 Kcal/kg . Inclusion of CSL increased 
the pellet durability index in starter diets (80, 84, 92 in 0% CGM diets, 
and 68, 75, 91 in 10% CGM diets with 0, 5, or 10% CSL, respectively; 4 .8 
mm pellet size) . Body weight gain (BWG), feed intake (FI), and gain:feed 
(G:F) data were subjected to a 2-way ANOVA; no interactive effects were 
noted . During the starter phase (Table 1), addition of 10% CGM decreased 
(P < 0.01) BWG and FI by 4.3 and 3.2%, respectively, with no influence on 
G:F . Addition of CSL up to 10% of the diet elicited a graded increase (P < 
0 .01) in FI during the starter phase, without affecting BWG, to ultimately 
decrease (P < 0 .01) G:F by 5 .9% (i .e ., broilers compensated for dietary 
energy dilution by increasing FI during the starter phase) . No effects of 
either CGM or CSL were observed during the grower or overall feeding 
periods, with broilers achieving an average body weight of 1,443 g on 
study d 28 . In conclusion, addition of 10% CGM reduced BWG and FI 
during the starter phase, whereas graded inclusion of CSL reduced G:F 
and elicited similar BWG despite dilution of dietary energy .

Table 1. Growth performance during the starter phase

Item
0% CGM 10% CGM

SEM0% CSL 5% CSL 10% CSL 0% CSL 5% CSL 10% CSL
BWG, g 341 346 348 326 341 324 6 .3
FI, g 439 451 465 417 444 451 7 .6
G:F 776 767 748 781 770 717 10 .6

Key Words: growth, broiler, corn steep liquor, corn germ meal

159   Effect of mix time in diets without or with high inclusion of 
alternative ingredients (20% DDGS and 20% wheat midds) when 
fed to broiler chicks. Megan E . Morts*, Joe D . Hancock, R . Scott 
Beyer, Charles R . Stark, Christopher J . Delfelder, Joel D . McAtee, and 
Kayla L . Kohake, Kansas State University, Manhattan, KS.

A total of 1,610 male broiler chicks (initial age of 14 d) were used in a 
32-d growth assay to determine the effects of mix time in diets without 
or with high inclusion of alternative ingredient (20% DDGS and 20% 
wheat middlings) on growth performance and carcass measurements . 
There were 23 birds/pen and 7 pens/treatment in a completely random-
ized design . The diets (454 kg batches) were blended in a Scott twin 
shaft double ribbon mixer . All ingredients (corn, soybean meal, DDGS, 
wheat middlings, vitamins, minerals, and amino acids) were added to the 
stopped mixer . Mix times were 0, 15, 30, 60, and 300 s before pelleting 
and transfer to sack-off . Treatments were arranged as a 2 × 5 factorial 
with main effects of diet formulation (corn-soy vs DDGS-middlings) 
and mix time (0, 15, 30, 60, and 300 s) . Diets were formulated to be 
at least 120, 120, and 110% of requirements for essential amino acids, 
vitamins, and minerals, respectively, as suggested in the 1994 NRC 
Nutrient Requirements of Poultry . Feed and water were consumed 
on an ad libitum basis until the birds were harvested for collection 
of carcass data . As for results, there were no interactions among diet 
formulation and mix time (P > 0 .06) . Diet formulation did not affect 
ADG (P > 0 .19), but birds fed the corn-soy diet had greater G/F (P < 
0 .001) compared with those fed the DDGS-middlings diets . Mix time 
did not affect growth performance or carcass measurements (P > 0 .13) . 
In conclusion, corn-soy diets supported greater efficiency of growth than 
diets with 20% DDGS and 20% wheat middlings, but increasing mix 
time from 0 to 300 s did not improve growth performance or carcass 
measurements regardless of diet formulation .

Table 1.

Item
C-S D-M

SE0 15 30 60 300 0 15 30 60 300

Final BW, g 3,116 3,264 3,182 3,257 3,177 3,207 3,129 3,137 3,209 3,127 45
ADG, g 88 92 90 91 90 91 88 88 91 88 1
G/F, g/kg 621 647 624 639 625 559 552 549 560 571 14
Survival, % 98 97 98 96 98 97 96 97 97 97 1
HCW, g 2,485 2,521 2,496 2,506 2,498 2,488 2,494 2,478 2,472 2,479 18
Dress % 75 76 76 76 76 75 76 75 75 75 0 .5
Breast wt ., g 780 780 773 785 779 796 777 785 779 804 11

Key Words: mix time, DDGS, broilers, feed manufacturing

160   Tissue and blood responses to peptidoglycan injection in 
chicken dermal tissue. Kristen Byrne* and Gisela Erf, University of 
Arkansas, Fayetteville, AR.

Peptidoglycan (PGN) is a cell wall component of both gram-negative 
and gram-positive bacteria . To our knowledge, the local and systemic 
in vivo effects of PGN have not been described in poultry . We used the 
growing feathers (dermal tissue) as a test site to easily monitor cellular 
recruitment in response to PGN stimulation in the same chicken over a 
7-d time course . Growing feathers of eight 12-wk-old layer type roosters 
were injected with 10 µL of either 0 .5 or 5 µg PGN/feather (16 feathers 
per bird) . Blood and 2 feathers were collected at each time point: 0 h 
(pre-injection; p .i .), 4 h, 8 h, 1 d, 3 d, 5 d, and 7 d . For each time point, 
blood leukocyte concentrations were determined using an automated 
hematology analyzer . Pulp cell suspensions from one feather were immu-
nofluorescently stained to determine recruitment of cell populations into 
the tissue . The 0 .5 and 5 µg/feather concentrations of PGN exhibited 
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similar trends and rarely showed significant (P > 0 .05) differences from 
each other regardless of cell type or time point examined and are thus 
discussed together . Heterophil blood concentrations (K/uL) increased 
after injection reaching a maximum of 6 .19 ± 1 .00 at 8 h, dropping 
below 0 h at 1 d and then increasing gradually to slightly above 0 h at 
7 d . Injected tissue heterophil levels (% pulp cells) reached a maximum 
at 8 h (3 .46 ± 0 .72) and returned and stayed at p .i . levels thereafter . In 
blood, both monocyte and lymphocyte concentrations decrease initially 
to a minimum at 2d and 4 h, respectively, before increasing above p .i . 
levels by 7 d for both monocytes (2 .24 ± 0 .44) and lymphocytes (12 .15 
± 3 .55) . In feathers, macrophages reached maximum levels at 8 h (6 .16 
± 1 .92), returned to p .i . levels by 2 d, but were elevated again at 5 d . 
Lymphocytes reached maximum levels slower than macrophages (2 
d), but remained above p .i . levels (5× higher) at 7 d when the study 
ended . Previous studies with LPS showed predominantly heterophil 
recruitment into the blood and injected feathers and only low levels of 
lymphocytes . However, with PGN, lymphocytes were the prominent 
cell type recruited indicating qualitatively different responses for these 
2 cell wall products .

Key Words: PGN, intradermal injection, innate immunity, lymphocytes

161   Effect of dietary inclusion of stranded fish subjected to 
sun-drying and roasting on egg-type pullet growing and laying 
performance. Mutaz S . B . Mahmoud* and Sara M . S . Mansour, 
%%Department of Poultry Production, Faculty of Animal Production, 
University of Gezira, Wad Medani, Gezira, Sudan

The objective of the study was to measure the effect of dietary sub-
stitution of imported (super concentrate) by different levels of locally 
produced fishmeal on pullet’s growth and laying performance. Different 
types of stranded fish from White Nile in Sudan were collected, ground 
and subjected to sun-drying (A) and roasting (B) treatments . The experi-
mental diets were formulated iso-energetic and iso-nitrogenous to meet 
or exceed the requirements of pullets growing phases (starter, grower and 
developer) and laying (NRC, 1994). The treated fishes with roasting and 
sun-drying were allocated to replace the imported protein concentrates 
in 3 levels. The sun-dried fish (A) were included: A1 with 1.5% locally 
sun-dried fishmeal (LSF) and 3.5% imported concentrate (IC), A2 with 
3 .5% LSF and 1 .5% IC and A3 with 5% LSF and 0% IC . Similarly, the 
roasted fish (B) were included: B1 with 1.5% locally roasted fishmeal 
(LRF) and 3 .5% IC, B2 with 3 .5% LRF and 1 .5% IC and B3 with 5% 
LRF and 0% IC. The control diet contained 0% locally fishmeal (C). A 
total of 210 one-day-old Hy-Line W-98 pullets were allocated to these 7 
treatments . These treatments were replicated 3 times with 10 birds each . 
The results showed that at the end of the entire growing period, birds fed 
the sun-dried fishmeal (A) had the greatest body weight, weight gain, 
and feed consumption (P ≤ 0.05) followed by birds fed on (B) diets. 
The birds fed control diets (C) consumed numerically less feed and had 
the lightest body weight (P ≤ 0.05). At the end of the starter period, the 
birds fed B1 and B2 had the lowest levels of blood cholesterol . The birds 
fed control diets had the highest blood cholesterol levels (P ≤ 0.05). 
There were no significant differences (P ≥ 0.05) between sun-drying 
and roasting treatments in hen-day egg production during early weeks of 
production . The hens fed on control diet produced less eggs (P ≤ 0.05) 
compared with most treatments . The results suggest that locally made 
fishmeal can completely replace the imported concentrate to improve 
pullets growing and laying performance .

Key Words: pullet, fishmeal, growth, laying

162   Lipolysis upregulates fatty acid oxidation and sup-
presses adipogenesis in young broiler chicks. Ronique Beckford, 

Emmanuelle Torchon, Suchita Das, and Brynn Voy*, University of 
Tennessee, Knoxville, TN.

Excess adipose tissue in broilers wastes feed, compromises breeder 
productivity, and creates carcass waste . Recent studies in other species 
show that adipocytes have a latent ability to oxidize fatty acids, and 
that this can promote leanness . We previously discovered that a brief 
(5 h) period of feed deprivation upregulated lipolysis and fatty acid 
oxidation (FAO) in broiler chick adipose tissue, and that these pathways 
were associated with genetic leanness . We also found that adipogenesis 
was inversely related to lipid mobilization . Based on these studies, 
and on supportive studies in rodents, we hypothesized that lipolysis is 
adaptively coupled to FAO in chicken adipose tissue . We also hypoth-
esized that mobilized fatty acids feed back to suppress adipogenesis . 
The objectives of this study were as follows: (1) determine if lipolysis 
simultaneously upregulates FAO and suppresses adipogenesis; and (2) 
use tissue metabolomics to define the effect of fatty acid mobilization on 
adipocyte metabolism . Cobb500 broiler chicks (21-d-old) were fed ad 
libitum, deprived of food for 4, 8 or 12 h, or for 12 h followed by 2 h of 
refeeding . QPCR was used to assess markers of FAO and adipogenesis . 
LC-MS/MS was used for comprehensive tissue metabolite measure-
ments . Effects of fasting on NEFA, mRNA level, and tissue metabolite 
content were determined using ANOVA (P < 0 .05) . Expression of the 
rate-limiting genes for mitochondrial and peroxisomal fatty acid oxida-
tion (carnitine palmitoyltransferase I (CPT1A) and acyl-CoA oxidase 
1 (ACOX1), respectively) significantly increased (P < 0 .05) in adipose 
tissue in parallel with plasma nonesterified fatty acid (NEFA) level, 
while expression of genes involved in adipogenesis (e .g ., PPARgamma) 
were downregulated by lipolysis . Effects of feed deprivation on NEFA 
and gene expression were rapidly reversed by refeeding . Feed depriva-
tion significantly reduced adipose tissue levels of tissue amino acids in 
a time-dependent manner . These results, combined with our previous 
work, suggest that increasing lipolysis through diet or genetic selection 
may attenuate excess fat deposition in broilers .

Key Words: adipose, leanness, fatty acid oxidation, lipolysis, broiler

163   Change in Salmonella enterica serovar Enteritidis spread 
between layer chicks due to immunomodulatroy nutrient supple-
mentation. Emma L . Wils-Plotz* and Kirk C . Klasing, University of 
California, Davis, Davis, CA.

Pathogens tend to undergo fast-paced evolution, creating problems 
for vaccination and antibiotic control . Dietary factors are important in 
shaping the immune response to pathogens and likely contribute to the 
rate of transmission of a pathogen between naïve hosts . The objective 
of this study was to determine if chicks (SCWL) supplemented with 
known immunomodulatory nutrients, would affect the horizontal transfer 
of Salmonella Enteritidis (SE) . Four-week-old, mixed-sex chicks (n = 
120), were weighed and randomly allotted to 1 of 4 dietary treatments 
[corn oil (control, 3%); fish oil (3%), CLA (1%), lutein (0.25%)], with 
6 replicate pens of 5 chicks . After a 7 d diet adaptation, 1 bird per pen 
(middle weight), was orally dosed with 1 mL of 2 × 109 cfu of SE in 
PBS . Blood was taken on d1 of study (pre-SE), and d 6, d 8, d 10 and d 
12 post-SE for later analysis of plasma IgM and IgG concentration as 
an indicator of SE infection . Body weights, feeder weights and cloacal 
swabs were taken on d 1 of the study (pre-SE), inoculation day, and d 
3, d 6, d 8, d 10, and d 12 Post-SE . On d 12 of the study all birds were 
euthanized via cervical dislocation and ceca were weighed and collected 
for SE culture and cfu counts. The fish oil diet had 31% greater (P = 
0 .022) SE presence over the study period than the lutein fed birds . There 
was also an effect of day (P < 0 .0001), with d 3, 6, and 8 post-SE having 
the greatest SE presence, over d 10 and d 12; and d 10 being greater 
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than d 12 (30 .8, 29 .2, 30 .0, 15 .8 and 3 .3% respectively) . There were no 
effects of dietary treatment on ceca weight, but there was a significant 
positive correlation (r: +0 .1947, P = 0.034) between cecal wt, % final 
BW and the number of birds per pen that were infected during the study . 
There was also a positive correlation (r: +0 .2234, P = 0 .015) between 
cecal wt, % final BW and the number of days the infected birds had 
SE-positive cloacal swabs during the study period . Therefore, we can 
conclude that diet has a large effect on the spread of SE between birds 
and its ability to colonize in the ceca .

Key Words: Salmonella Enteritidis, disease spread, immunomodulatory 
nutrients, fish oil, lutein

164   Evaluating performance and meat yield in 0- to 49-day-old 
broilers: A comparison between formulating on commercial nutri-
ent predictions vs. near-infrared spectroscopy. R . B . Shirley*1, N . 
Sriperm1, S . F . Gately1, M . E . Freeman2, and A . J . Davis2, 1Adisseo 
USA, Alpharetta, GA, 2Poultry Science Department, University of 
Georgia, Athens, GA.

The following trial was conducted to evaluate how the performance and 
meat yield of 0 to 49 d-old broilers are affected when diets are formulated 
with apparent metabolizable energy (AME) and total and digestible 
amino acid (TDAA) values that are based on an integrator’s prediction 
equations (Commercial; Treatment 1) vs . near infrared spectroscopy 
(NIR) predictions that are founded on in vivo analyses (Treatment 2) . 
Each of the 2 dietary treatments contained 16 replicate pens, and each 
pen was populated with 22 male Cobb 500 broilers . The broiler pen trial 
consisted of 4 phases: a Starter (0–17 d), Grower (18–31 d), Finisher 
(32–44 d) and Withdraw (44–49 d) . The corn, SBM, corn DDGS and 
MBM diets were formulated with the same nutrient restrictions; how-
ever, the ingredient matrix values within Treatment 1 were from the 
integrator’s analytical predictions, and those in treatment 2 were from 
the NIR analyses . Although the corn DDGS and MBM changed as the 
phases changed, both ingredients were held constant between the 2 treat-
ments, within each of the phases . All data were analyzed via ANOVA 
using a randomized complete block design (JMP® 11) . The performance 
parameters measured were: body weight (BW), feed consumption (FC), 
and mortality-corrected feed conversion ratio (FCR) . The cut up weights 
and yields that were taken included: fasted live, hot carcass, cold carcass 
(WOG), white meat (pectoralis major and minor), leg quarters (LQ) and 
wings . At each of the 4 phases, BW, FC, and FCR were equivalent (P > 
0 .05), nor were there any statistical differences among the cut up parts 
(P > 0 .05) . From a feed cost perspective, across the entire grow out, 
the NIR treatments were less expensive . This resulted in a better return 
over investment (ROI) after the feed consumption within each phase and 
the value of meat were accounted for within each treatment . These data 
demonstrate the value of NIR technology for today’s poultry industry .

Key Words: broiler performance, nutrient analyses, near infrared 
spectroscopy (NIR), meat yield

165   NIRs can accurately predict reactive lysine. Inês A . Carval-
hido*1,2, Sonja de Vries1, Harmen van Laar1, and Jon de Los Mozos3, 
1Nutreco R&D, Boxmeer, the Netherlands, 2MasterLab, Nutreco,  Box-
meer, the Netherlands, 3Nutreco R&D, Poultry Research Center,  El 
Viso de San Juan, Spain.

When a product undergoes heat processing, Maillard reactions may 
modify lysine, reducing lysine availability. Lysine availability influences 
the biological value of broiler feeds being the first limiting amino acid. 
Although reactive lysine (RLYS) can be measured, this has not been 

widely implemented in broiler feed formulation . An experiment was 
conducted to assess whether NIR predicted digestible reactive lysine 
(DRLYS), has added value in explaining broiler performance when 
diets are formulated to the same digestible total lysine (DTLYS) . NIR 
calibration lines for RLYS, validated with fluoro-2, 4-dinitrobenzene 
method, were used to select 3 different qualities of soybean meal (SBM) 
and 2 different qualities of rapeseed meal, differing in levels of RLYS . 
These were used to formulate 6 diets to contain exactly the same level 
of DTLYS (8 .7 g/kg feed) at 85% of the lysine recommendation (CVB, 
2011) yet with 8 .14, 7 .69, 7 .66, 7 .54, 7 .22, or 7 .05 g of DRLYS/kg feed . 
DRLYS was calculated by multiplying measured RLYS per raw material 
with apparent total-tract digestibility of total lysine according to CVB 
(2011) . In a randomized design, 1080 Ross 308 male broiler chicks 
were allocated to 36 pens (30 bird/pen), with 6 replicates per treatment . 
Daily weight gain (DWG), daily feed intake (DFI), and feed conversion 
ratio (FCR) from 0 to 36 d of age were measured . Linear relationships 
between DRLYS and broiler performance was positive for DWG (r2 = 
0 .24; P < 0 .05) and DFI (r2 = 0 .19; P < 0 .05), and negative for FCR (r2 
= 0 .12; P < 0 .05) . DWG was higher for treatment with 8 .14 g of DRLYS 
as compared with treatments with 7 .69, 7 .54, 7 .22 and 7 .05 levels (P < 
0 .05) . Broilers receiving 7 .22 g of DRLYS had the highest FCR . Higher 
DFI was observed for the treatment with 8 .14g DRLYS (P < 0 .05), and 
the lowest for 7 .69 . The SBM used in this treatment had high levels 
of anti-nutritional factors . Removing this treatment from the analysis 
resulted in a higher r2 (DWG: r2 = 0 .41; DFI: r2 = 0 .33) . In conclusion, 
feed formulation based on DRLYS can explain part of the variation in 
performance found when formulating to a constant DTLYS, helping to 
obtain more consistent animal responses .

Key Words: heat processing, raw materials, Maillard reaction, lysine, 
performance

166   Effects of dietary cottonseed meal on the performance, egg 
quality and the health of laying hens. Bin He*, Xuemei Ding, Ship-
ing Bai, Jianping Wang, Yuheng Luo, and Keying Zhang, Key Labo-
ratory for Animal Disease-Resistance Nutrition of China Ministry of 
Education, Yaan, Sichuan, China.

This experiment was conducted to study the effects of dietary cottonseed 
meal on the performance, egg quality and the health of laying hens in 
a 12 week trial . A total of 900 34-week-old laying hens were randomly 
allocated to 6 treatments with dietary cottonseed meal levels to substitute 
for soybean meal at 0, 1 .2, 2 .4, 4 .8, 9 .6, and 11 .9% respectively (10 pens/ 
treatment, 15 hens/ pen), according to a completely randomized design . 
The corresponding free gossypol concentrations in these 6 diets were 0, 
8 .5, 17 .7, 32 .7, 60 .1, and 79 mg/kg, while total gossypol concentrations 
were 0, 81 .3, 145 .8, 280, 630 .6, and 748 .6 mg/kg, respectively . The 
ANOVA, linear and quadratic effects of dietary gossypol concentrations 
on performance and serum parameters were assessed by GLM procedure 
of SAS 9 .3 .Results showed that (1) Dietary cottonseed meal level had 
no significant effect on laying rate, feed intake and feed conversion 
ratio, but decreased the egg weight when cottonseed meal levels were 
9.6% and 11.9%. (2) Dietary cottonseed meal level had no significant 
effect on egg quality . (3) The content of serum uric acid, creatinine, and 
chlorine were increased in groups fed cottonseed meal levels at 9 .6% 
and 11 .9%, and severe lesions were also observed on livers and genital 
tract . In conclusion, high gossypol (free gossypol = 60 .1mg/kg, total 
gossypol = 630 .6mg/kg) content in diets could damage the performance 
and health of laying hens in the long term .

Key Words: cottonseed, performance, egg quality, health
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167   Potential pitfalls of relying on hydrogen sulfide (H2S) pro-
duction to identify Salmonella in feed. Kellie M . Hogan*1, Nicole 
L . Holcombe1, Cheryl Weller1, Alora Gumm1, Nelson A . Cox2, Doug 
E . Cosby2, John A . Cason2, Mark E . Berrang2, Kurt Richardson1, and 
Peter F . S . Street1, 1Anitox Corp., Lawrenceville, GA, 2USDA, The US 
National Poultry Research Center, Athens, GA.

Salmonella can be difficult to assess and isolate in poultry feed due to 
stress, uneven distribution and poor growth . Studies have shown that 
strains of Salmonella can be affected by environmental changes, result-
ing in H2S-negative colonies . This is a concern, as H2S production, 
along with the inability to ferment lactose are the primary methods to 
recognize Salmonella colonies on selective media . The purpose of this 
research was to determine if incubation in selected media could revert 
H2S-negative colonies (yellow) to H2S-positive (black) . Salmonella 
serotypes assessed were Enteritidis, Infantis, Montevideo, and Schwar-
zengrund . Strains were grown in non-stressed (NS) and stressed (S; dry 
inoculum in meat and bone meal) environments . All were added to pH 
7 citrate buffer and incubated at 35°C overnight . Samples were plated 
on xylose-lysine-tergitol-4 (XLT-4) medium, grown overnight at 35°C, 
and then assessed for yellow colonies . Yellow colonies were picked 
and grown in 6 separate broths overnight (Universal Pre-enrichment 
broth, trypticase soy broth, brain heart infusion broth, nutrient broth, 
tetrathionate-Hajna (at 35°C and 42°C) and Rappaport-Vassiliadis) . One 
hundred microliters of each sample was plated on XLT-4 medium and 
the percentages of yellow and black colonies were recorded after 24 and 
48 h incubation at 35°C . All S. Enteritidis and S. Schwarzengrund (NS) 
colonies had reverted to H2S production and were black . However, S. 
Schwarzengrund (S) was more variable by media . S. Montevideo showed 
the most H2S reversion, with 100% reversion in all media for the NS, 
and an average of 92% reversion for the S organism . S. Infantis showed 
the least amount of reversion, with an average of 4% reversion for NS 
organisms and 0% reversion for stressed organisms . The results from 
this study suggest that while H2S production may be a useful way to 
recognize Salmonella in feed, pH and stress can affect the production of 
H2S, and make it difficult to properly isolate or biochemically classify 
Salmonella . This has implications for analytical and food production 
laboratories, as it is possible that false-negative results could be reported .

Key Words: reversion, Salmonella, H2S production, stress

168   Quantification of loosely and tightly associated bacteria on 
broiler carcasses using swabbing, stomaching, and grinding meth-
ods. Pranjal Singh*1, Hong C . Lee1, Koo B . Chin2, and Ike Kang1, 
1Michigan State University, East Lansing, MI, 2Chonnam National 
University, Gwangju, Korea.

This research was conducted to quantify loosely and tightly associated 
bacteria using swabbing, stomaching and grinding methods . For each 
of 3 replications, 3 eviscerated broilers were randomly taken from a 
processing line in a local broiler processing plant . Ten swabs per bird 
were conducted on the left breast skin (10 × 7 cm) and the swabbed 
skin was excised for grinding . Similarly, 10 stomachs were performed 
with the same bird after detaching the right breast skin (10 × 7 cm), 
which was ground as before . Total plate count (TPC) was assessed 
from all samples while Escherichia coli (E. coli) and coliform bacteria 
were enumerated from the swabbed or stomached samples for 1, 2, and 
10 times and from the ground sample . Results indicated that 8, 9, and 
83% TPC were detected from the 1-time swabbed, the 2- to 10-times 
swabbed, and the ground samples, respectively . After stomaching, 17, 

18, and 65% TPC were observed from the 1-time stomached, the 2- to 
10-times-stomached, and the ground samples, respectively . The TPC 
population in the 1-times stomached sample was significantly (P < 
0 .05) higher than that of the 1-time swabbed sample, both of which 
outnumbered (P < 0 .05) the cells in the rest of stomached or swabbed 
samples, except the 2-times swabbed samples (P > 0 .05) . The number 
of E. coli cells decreased from highest in the 1-time stomached to lower 
in 2-times stomached to least in the 10 times-stomached sample (P < 
0.05), whereas no significant difference was seen in swabbed samples, 
except the 10-time swabbed sample showing the lower number than 
rest of the samples. Regardless of stomach and swab, no significant 
difference was seen (P > 0 .05) in coliform bacteria, except the 10-times 
stomached or swabbed samples showing the lower number again . Based 
on these findings, more than 65% of natural bacteria seem to tightly 
associate on eviscerated broiler carcass skins that are not eliminated 
after stomaching or swabbing for 10 consecutive times .

Key Words: total plate count, E . coli, coliform, broiler carcass skin, 
tightly associated bacteria

169   Combination of trisodium phosphate and hot water dip-
ping effectively eliminated bacterial population on broiler car-
casses. Pranjal Singh*1, Hong C . Lee1, Thanikarn Sansawat1, Koo B . 
Chin2, and Ike Kang1, 1Michigan State University, East Lansing, MI, 
2Chonnam National University, Gwangju, Korea.

The objective of this study was to evaluate the effects of trisodium 
phosphate (TSP) and hot water dipping (HWD) singly or jointly on the 
bacteria decontamination of broiler breast skin . For each of 3 replica-
tions, 5 eviscerated broilers were taken from a local processing plant and 
immediately subjected to one of the following treatments: 1) Control: 
2 times of tap water dip (TWD) at 25°C for 45 s/each, 2) TSP: TWD + 
8% TSP at 25°C for 45 s/each, 3) HWD: TWD + HWD at 71°C for 45 
s/each, and 4) TSP-HWD: 8% TSP + HWD at 71°C for 45 s/each . After 
the treatments, 25 g of breast skin were collected for microbiological 
analysis . Color values (L*, a*, and b*) were taken on the skinless breast 
surface using a colorimeter . The total plate count (TPC) on breast skin 
was significantly decreased from 3.45 in the control to 3.0 in the TSP, 
and to 2 .3 log cfu/g in each of HWD and the TSP-HWD treatments 
(P < 0.05). A significant reduction was seen for Escherichia coli and 
coliforms from 1 .6 – 1 .7 in the control to 0 .7 log cfu/g in the TSP-HWD 
(P < 0 .05), with an intermediate reduction (0 .9 – 1 .0 log cfu/g) for 
each of TSP and HWD treatments . The combination of TSP and HWD 
significantly decreased the incidence of Salmonella from 80% in the 
control to 27% in the TSP-HWD (P < 0 .05%), with an intermediate 
decrease (40–60%) seen for the TSP and HWD treatments . No color 
difference was observed for L*, a*, and b* on the skinless breast surface 
(P < 0.05%), except the higher b* value in TSP. Based on our findings, 
it is clear that bacteria cells on broiler carcass skin were effectively 
eliminated using the combination of chemical TSP and physical HWD 
rather than any single treatment .

Key Words: hot water dip, trisodium phosphate, broiler carcass skin, 
total plate count, Salmonella

170   Understanding transmission dynamics of Salmonella 
Enteritidis in a chicken flock using barcoded strains. Yichao Yang 
and Young Min Kwon*, University of Arkansas, Fayetteville, AR.
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Salmonella is an important foodborne bacterial pathogen that frequently 
enters human food chain through consumption of poultry products . For 
reduction of Salmonella contamination in poultry products, the control 
of Salmonella at the farm level is important . However, our understand-
ing on how Salmonella transmit within a chicken flock is very limited. 
To understand the complex dynamics of Salmonella transmission, we 
constructed a set of barcode-tagged strains by inserting DNA barcode 
into neutral region on the chromosome of S. Enteritidis using Red 
recombination technology . We set up 2 small-scale experiments using 
isolators (16 one-day-hatch birds/ experiment) . In both experiments, 6 
different barcoded (BC) strains were used to inoculate feed (Exp . 1) or 
drinking water (Exp . 2) at low dose (103 cfu; 3 strains) and high dose 
(105 cfu; 3 strains) . The cecal and foot samples were collected at d 7 and 
14 post-infection from the birds . Cecal contents and cell pellets from 
foot rinse were used for genomic DNA extraction . The barcode regions 
were PCR-amplified from the genomic DNA samples and analyzed 
by MiSeq sequencing to determine the relative frequency of different 
barcodes in all collected samples . The analysis of DNA sequence data 
indicated that in Exp . 1 the ceca showed strong tendency of being 
dominated by 1–2 strains, while multiple strains were detected in most 
foot samples . In Exp . 2, similar trends were observed, but there was 
stronger tendency of dominance by a single strain even for foot samples . 
The strains inoculated at high dose were the dominant strains in most 
samples in Exp . 2, but not in Exp . 1 . These results show that our method 
is a powerful tool to monitor the dynamics of Salmonella transmission 
within a chicken flock at a high-resolution and will provide valuable 
insight for development of effective measures to reduce the spread of 
Salmonella in a chicken flock.

Key Words: Salmonella, transmission, poultry, DNA barcode, Illumina 
sequencing

171   Persistence of fecal shedding of Salmonella Enteritidis 
by experimentally infected laying hens housed in conventional 
or enriched cages. Richard K . Gast*1, Rupa Guraya1, Deana R . 
Jones1, and Kenneth E . Anderson2, 1USDA-ARS, US National Poultry 
Research Center, Athens, GA, 2Prestage Department of Poultry Sci-
ence, North Carolina State University, Raleigh, NC.

Because Salmonella Enteritidis can be deposited inside eggs laid by 
infected hens, the prevalence of this pathogen in commercial egg-
producing flocks is an important risk factor for human illness. Opportu-
nities for the introduction, transmission, and persistence of salmonellae 
in poultry are potentially influenced by flock housing and management 
systems . Animal welfare concerns have spurred the development of alter-
natives to traditional cage-based housing . However, the consequences 
of poultry housing systems for food safety have not been fully resolved 
by prior research . The present study assessed the effects of 2 different 
housing systems (conventional cages and colony cages enriched with 
perching and nesting areas) on the persistence of fecal shedding of S . 
Enteritidis by groups of experimentally infected laying hens . In each of 
2 trials, 136 hens were distributed among cages of both housing systems 
and orally inoculated with doses of 108 cfu of S . Enteritidis (phage type 
13a in one trial and phage type 4 in the other) . At weekly intervals, 
samples of voided feces were collected from beneath each cage and 
cultured to detect S . Enteritidis . Fecal shedding of S . Enteritidis was 
detected for up to 8 wk post-inoculation by hens housed in enriched 
colony cages and 10 wk by hens housed in conventional cages . For both 
trials combined, the frequency of positive fecal cultures was significantly 
(P < 0 .05) greater for conventional cages than for enriched colony cages 
at 1 wk (84 .7 vs . 71 .5%), 2wk (54 .2 vs . 31 .3%), 3 wk (21 .5 vs . 7 .6%), 
and 4 wk (9 .7 vs . 2 .8%) post-inoculation . These results demonstrate 
that the susceptibility of hens to intestinal colonization by S . Enteritidis 

can differ between conventional and enriched cage-based production 
systems, although this effect does not necessarily translate into a cor-
responding difference in the longer-term persistence of fecal shedding .

Key Words: Salmonella Enteritidis, chicken, fecal shedding, conven-
tional cage, enriched colony cage

172   Effect of in-feed supplementation of trans-cinnamaldehyde 
and caprylic acid on chicken cecal microbiome in response to Sal-
monella Enteritidis. Indu Upadhyaya*1, Chi-Hung Chen1, Abhinav 
Upadhyay1, Hsin-Bai Yin1, Meera S . Nair1, Mazhar I . Khan1, Michael 
J . Darre1, Annie M . Donoghue2, Dan J . Donoghue3, and Kumar Ven-
kitanarayanan1, 1University of Connecticut, Storrs, CT, 2USDA-ARS-
Arkansas, Fayetteville, AR, 3University of Arkansas, Fayetteville, AR.

Salmonella Enteritidis (SE) is a major foodborne pathogen causing 
enteric illnesses in humans, with undercooked eggs and poultry meat 
as the primary sources of infection . Our previous research revealed that 
in-feed supplementation of 2 GRAS (generally recognized as safe)-
status, natural compounds, namely trans-cinnamaldehyde (TC, from 
cinnamon) and caprylic acid (CA, from goat milk) significantly reduced 
cecal colonization and egg-borne transmission of SE in chickens . In this 
study, the effect of in-feed supplementation of TC and CA on the cecal 
microbiome of chickens was determined in 2 separate trials using 24- 
and 40-wk-old birds . In each trial, 120 single-comb White Leghorn hens 
were randomly assigned to 6 treatments (n = 20/treatment): a negative 
control (no SE, no compound), 2 compound controls (no SE, 1% vol/
wt TC or 1% vol/wt CA), a positive control (SE, no TC or CA), TC 
treatment (SE, 1% TC) and CA treatment (SE, 1% CA) . On d 0, the 
birds were tested for any inherent Salmonella (n = 3/experiment), and 
the compounds were supplemented in the feed for 60 d . On d 10, birds 
in the positive controls, TC and CA treatments were challenged with SE 
(10 log10 cfu/bird) by crop gavage . Cecal contents were collected from 
birds on d 0, 1, 7, 10, 20, 30 and 60 d and the contents were subjected 
to 16S rRNA sequencing by Illumina Miseq . Results suggest that there 
was no adverse effect on the population of the major bacterial phylo-
types in the chicken cecum, including Firmicutes, Bacteroidetes and 
Proteobacteria (P > 0 .05) . Additionally, TC and CA supplementation 
reduced SE in the cecum, yolk and eggshell of birds when compared 
with controls (P < 0 .05) . The results indicate that TC and CA could be 
effectively used as feed additives to reduce SE colonization in chickens 
without deleteriously affecting the endogenous cecal microflora of birds. 
Funded in part by the USDA-NIFA-OREI 2011-01955 .

Key Words: Salmonella, chicken, trans-cinnamaldehyde, caprylic acid, 
cecal microbiome

173   Antimicrobial activity of oregano oil nanoemulsion against 
Salmonella enterica and Listeria monocytogenes. Chander Shekhar 
Sharma*1, Kanika Bhargava2, and Amanda Ates1, 1Mississippi State 
University, Mississippi State, MS, 2University of Central Oklahoma, 
Edmond, OK.

The antimicrobial efficacy of oregano oil nanoemulsion against 5 Sal-
monella enterica serotypes (S. Enteritidis, S. Heidelberg, S. Newport, S. 
Reading, and S. Typhimurium) and 2 Listeria monocytogenes serotypes 
(1/2a and 4b) was evaluated in vitro by colorimetric broth microdilution 
assay . The effectiveness of nanoemulsion formulated with Tween 80 
was compared with pure oregano oil in terms of minimum inhibitory 
concentration (MIC) against Salmonella and L. monocytogenes sero-
types . The MIC values of oregano oil nanoemulsion against Salmonella 
and L. monocytogenes were much lower as compared with oregano 
essential oil. Specifically, the MIC values for nanoemulsion ranged 
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from 0 .0195% (195 µL/L) to 0 .039% (390 µL/L) as compared with 
MIC values for oregano essential oil that ranged from 0 .156% (1560 
µL/L) to 0 .312% (3120 µL/L) . Oregano oil nanoemulsion was most 
effective against S. Typhimurium (ATCC 14028) and S. Reading (MIC 
= 195 µL/L) . For all other Salmonella and L. moncytogenes serotypes, 
the MIC value remained same (MIC = 390 µL/L) . Tween 80 had no 
effect on the growth of all the serotypes tested in this study. These find-
ings suggest that nanoemuslion is more effective than essential oil in 
inhibiting the growth of Salmonella and L. moncytogenes. Moreover, for 
post-harvest applications, nanoemulsions might be more useful practi-
cally than essential oils . The effectiveness of oregano nanoemulsion in 
inactivating Salmonella and L. monocytogenes on poultry products is 
under investigation .

Key Words: nanoemulsion, Salmonella, Listeria monocytogenes, 
natural antimicrobial, oregano oil

174   Campylobacter and Salmonella in organic poultry prod-
ucts at retail stores and farmers markets in the DC metro area and 
nonconventional controlling agents. Serajus Salaheen and Debabrata 
Biswas*, University of Maryland, College Park, MD.

Salmonella and Campylobacter are the major causative bacterial agents 
of foodborne illness and poultry is one of major reservoirs . Local 
small organic/pasture farms are major suppliers for farmers markets 
and local organic retail stores . They possess higher biosafety risks as 
they are not allowed to use synthetic antimicrobials . It is essential to 

know the contamination level of the post-harvested poultry products 
sold in farmers markets and organic retail stores . We aim to investigate 
the prevalence of Salmonella and Campylobacter in poultry products 
sold in organic retail stores and farmers markets in Washington, DC, 
metro area and determine the susceptibility against conventional and 
nonconventional antimicrobials . A total of 787 samples were collected 
from farmers markets (209), organic (220) and conventional (358) retail 
stores . Samples were rinsed with peptone water, enrich and streaked 
on agar plate and presumptive colonies were confirmed. Antimicrobial 
susceptibility testing was performed against conventional antibiotics, 
berry pomace extracts and citrus oil . The data were analyzed using the 
χ2 test . Campylobacter was isolated in 35 .45, 28 .71, and 6 .14%, and 
Salmonella was 17 .5, 21 .36, and 8 .05% of whole chicken carcasses in 
farmers markets, organic and conventional retail stores, respectively . 
Resistance to quinolones varied significantly with the types of practices. 
In general isolates from organic poultry products were found more sus-
ceptible to conventional antibiotics . But all isolates of Salmonella and 
Campylobacter from organic and conventional chicken meat are highly 
sensitive to both blueberry and blackberry pomace extracts (<2 .0 mg/
mL), and citrus oil (<0 .1%) . Salmonella and Campylobacter contami-
nation of organic poultry products sold in farmers markets and organic 
retail stores is significantly high. Natural antimicrobials such as berry 
pomace extracts and citrus oil could be useful during chilling and 2nd 
processing to control these contaminants in poultry carcass and products .

Key Words: Salmonella, Campylobacter, organic poultry, farmers 
markets, antibiotic resistance
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Extension and Instruction

175   Rebirth of a poultry science program at the newly insti-
tuted University of North Georgia. Linda Purvis*, University of 
North Georgia, Georgia.

The University of North Georgia (UNG) located in northeast Georgia 
services a 30-county area rich in agriculture . UNG was created through 
the merger of Gainesville State College and North Georgia College and 
Military school in 2013 . Prior to the merger, Gainesville State was in 
the process of revitalizing the poultry science program that once thrived 
at the college . The program offers Associate of Science degree with a 
focus on poultry science . Students who complete this degree can go 
on to enter the industry or transfer to one of the 6 institutions offering 
a Bachelor of Science with a poultry science focus . Post-merge, UNG 
has seen many benefits for students and community emerge from the 
reinstatement of this program, specifically the Introduction to Poultry 
Science course . Increases in class sizes and interest were noted after the 
merge and more students were exposed to the program . Recruiting and 
outreach programs were put into place to educate high school students 
about the program being offered at UNG .

Key Words: education, poultry science program, students

176   Online opportunities for poultry extension activities with 
national impact through eXtension. Jacqueline P . Jacob* and 
Anthony J . Pescatore, University of Kentucky, 906 Garrigus Building, 
Lexington, KY.

The US Cooperative Extension Service has expanded to an online pres-
ence through eXtension . The eXtension website is an interactive learn-
ing environment delivering research-based information emerging from 
land-grant universities . The needs of targeted groups, or “Communities 
of Interest,” are met with the development of groups of topic special-
ists, or “Communities of Practice” (CoP). The small and backyard flock 
CoP was created to address the needs of poultry owners with small- and 
medium-sized production flocks as well as those with a few birds in 
the backyard. The small and backyard flock CoP (www.extension.org/
poultry) was launched October 6, 2012, and includes over 500 articles . 
There have been 42 webinars covering a wide array of poultry-related 
topics . In addition, over 500 poultry-related questions submitted through 
the Ask-an-Expert widget have been answered . In 2013, the content on 
the site were accessed 105,961 times, at an average time of 2:50 min per 
session . In 2014 the number had increased to 244,254 sessions averag-
ing 1:22 min per session . Daily usage of the site is over 1,500 sessions . 
Users from almost all 50 states and the District of Columbia have 
accessed the site, with the top 10 states being California, Texas, New 
York, Pennsylvania, North Carolina, Florida, Washington State, Virginia, 
Georgia, and Michigan . There are opportunities for participation in the 
small and backyard flock CoP through Ask-an-Expert, creating online 
content, participating in webinars, and developing YouTube videos .

Key Words: eXtension, small flocks, backyard flocks

177   Improved productivity through streamlined data collection 
on a touchscreen device. Cara I . Robison* and Darrin M . Karcher, 
Michigan State University, East Lansing, MI.

One of the many challenges facing researchers is data collection and 
data management . The gold standard method for data collection is the 
use of paper data sheets. While paper data sheets have several benefits 
including having a hard copy and a way to double check data, they also 
have several faults including that they are time consuming to enter and 

poor handwriting can be difficult to decipher. With electronic devices, 
such as the iPad (Apple Inc .), becoming commonplace it makes sense 
to look at utilizing these devices to streamline the data collection pro-
cess . Relational databases are available for the iPad and allow complex 
collection and analysis of data in real time . These systems are typically 
used for small businesses to keep track of inventory, create invoices, 
and store customer data . The databases can take advantage of the iPad 
touchscreen, allowing for radio buttons, checkboxes, and dropdown 
menus in place of keyboard data entry . This allows the developer to 
streamline the data collection process reducing the time to collect and 
enter data . Databases on multiple iPads can either be synced through a 
server to update a single database on a desktop computer or can store the 
data on the iPads for later upload to a computer . Database tables can also 
be exported as excel files and sent via email. For the past year our lab 
has developed a series of databases for the iPad that have successfully 
streamlined data entry using Filemaker Pro 13 (Filemaker Inc .) . The 
database can have a single table collecting multiple measurements from 
a single bird, such as Welfare Quality Assessment Data . The database 
can also have multiple tables that cross-reference each other, make cal-
culations, summarize data, and display graphs . Recently, a database was 
designed to collect egg production and mortality data by cage and then 
calculate weekly hen-day percentages . The use of iPads and database 
software has significantly increased productivity in our lab, reduced 
paper, and provided more real-time analysis of data .

Key Words: data, management, iPad, database, technology

178   Multi-media resources and eXtension: Targeting audiences 
for extension programs in alternative settings. Gregory Martin*, 
Penn State University Extension, Lancaster, PA.

Extension content offerings in asynchronous delivery were once rel-
egated to paper mail, newspapers, fax, or other paper media delivery . 
As technology has developed, asynchronous delivery has moved into 
electronic delivery . Online factsheets, dedicated websites, blog sites, 
email casting, video cast sites, social media sites and moodles have given 
extension educators more opportunities to reach extension stakehold-
ers . eXtension has allowed extension educators to collaborate to reach 
a larger target audience beyond their home states .

Key Words: Internet, extension, education, content delivery, technology

179   The VT-IMSD: Preparing undergrads from underrepre-
sented groups to pursue science careers. Ed Smith*, Virginia Tech, 
Blacksburg, VA.

The pipeline to STEM careers, especially in the biomedical sciences 
and for minorities underrepresented (URM) in the research workforce, 
continues to be leaky . At Virginia Tech (VT), a research training program 
has been developed URM undergrads that involves diverse activities . 
Started in 2007 with funding from the National Institutes of Health, 
the Initiative for Maximizing Student Development (IMSD) mandates 
that each competitively funded undergrad IMSD program be “a student 
development program .” Further, “the goal of the program is to increase 
the number of students from underrepresented groups in biomedical 
research who complete PhD degrees in these fields.” Each VT-IMSD 
cohort, consisting of 3–5 scholars (juniors and seniors) participates in 
our biweekly forum that also includes graduate and postbaccalaure-
ate students and engages in research during the academic year with 
financial support from the NIH. Some scholars enroll in the “Entering 
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Research” course established to support the undergraduates in their 
pursuit to acquire research skills beyond just techniques or knowledge 
of specific tools. In addition to research skills, our undergrads are trained 
to be competent in networking and presentation, activities that influ-
ence success in the biomedical sciences . Each scholar is also required 
to participate in an external summer internship, the data from which is 
presented at a national meeting . Our efforts have consistently resulted 
in undergrads who are among the most decorated in every graduating 
class . These scholars have won national research awards and have been 
selected for elite conferences including the Atlantic Coast Conference’s 
(ACC) “Meeting of the Minds .” More importantly, at least 65% of our 
scholars have gone on to graduate programs at top institutions including 
Brown, Duke, and VT . Though the VT prebac IMSD requires a lot of 
attention and commitment, our successes suggest that plug

Key Words: undergraduate, mentoring, underrepresented minorities, 
research experience

180   Reaching a nationwide audience with eXtension webinars. 
Jacqueline P . Jacob* and Anthony J . Pescatore, University of Kentucky, 
906 Garrigus Building, Lexington, KY.

Since its inception, the Internet has woven itself into everyday life . 
About 87% of the US adult population use the Internet and 70% have 
a high-speed broadband connection at home . In addition, 68% of 
the US population connect to the web through mobile devices such 

as smartphones and tablets . Webinars are web-based seminars . With 
increasing travel costs and reduced budgets, webinars allow extension 
specialists to reach a larger audience . People do not have to travel to 
webinars but can participate from wherever they are . The eXtension 
website provides a platform for extension specialists to present material 
through webinars . The eXtension webinar system is hosted at Iowa State 
University . Specialists book a time, based on Central Time . They can 
be held morning, afternoon, and early evening . Iowa State provides the 
equipment and technical support . PowerPoints are uploaded before the 
start of the webinar . The specialist must have a good microphone with 
headset to present the webinar . Questions from participants are typed 
into the chat box . The presenter has control of the slides and pointer as 
he/she moves through the presentation . It is possible to poll webinar 
participants to get background information . Emails can be typed into 
the chat box for follow-up evaluations, or a link can be supplied for all 
producers to link directly to it . All webinars are recorded and available 
for later viewing via www .extension .org/poultry . There have been 39 
webinars to date covering a variety of topics including an egg produc-
tion series (5), health problems series (4), miscellaneous health-related 
topics (7), general small and backyard flock management (19), 4-H 
poultry programs (3) and raising purebred poultry (4) . Individuals are 
using the Internet for their source of information . Webinars are a way 
to provide the correct poultry-related information to those that need it .

Key Words: eXtension, small flocks, backyard flocks
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181   Antibody kinetics differ among Mhc-identical recombinant 
congenic strains. R . L . Taylor Jr .*1, S . J . Nolin2, Z . S . Lowman2, A . E . 
Zavelo2, and C . M . Ashwell2, 1West Virginia University, Morgantown, 
WV, 2NC State University, Raleigh, NC.

Major histocompatibility complex (Mhc) genes produce significant 
effects on immune responses . In addition, genes outside the Mhc influ-
ence immunity . USDA inbred chicken lines 63 and 72, differ in immune 
characteristics including immune organ size, immunoglobulin levels, 
immune cell subset distribution, mitogen-induced lymphoproliferation 
as well as responses against Marek’s disease virus, Rous sarcoma virus 
and v-src DNA tumors . Lines 63 and 72, both having the B2B2 Mhc 
genotype, were used to develop recombinant congenic strains (RCS) to 
facilitate identification of non-Mhc genes that affect immune responses . 
Line 63 females were crossed to Line 72 males plus 2 backcrosses to Line 
63 with subsequent brother-sister mating generated 19 RCS designated 
by letter, each having a different 87 .5% Line 63 and 12 .5% Line 72 . 
Line 63, Line 72, and 19 RCS chicks in 2 replicates were injected with 
0 .1 mL 0 .25% SRBC at 5 weeks of age . Antibody titers were measured 
in serum collected at d 0, 5, and 12 d post-injection using a microtiter 
method . Titers were read at 24 h . Next, the data were entered into the 
quadratic model described by Siegel and associates (Poult . Sci . 63:1892, 
1984) . In that procedure, the d 0, d 5 and d 12 titers are used to calculate 
a quadratic equation for each bird (Y = a + bX − cX2) . This equation’s 
first derivative (dx = b − 2cX) determines the day of maximum titer. 
Substituting that value allowed calculation of the maximum titer and c 
coefficient, which is the rate of titer decline, for each bird. Bonferroni’s 
method (P < 0.05) was used to separate significant means. Comparing 
values to the 2 .49 log2 overall mean, peak antibody titer was significantly 
lower in RCS J (0 .6 log2) and significantly higher in RCS X (3.6 log2) . 
Day of peak did not differ significantly among Line 72, Line 63, and the 
19 RCS. The overall mean rate of titer decline (c coefficient) differed 
significantly for RCS J and N. Genetic comparisons of Line 72, Line 
63 and RCS will help to identify non-Mhc genes that have significant 
effect on antibody responses .

Key Words: antibody, quadratic model, titer, haplotype

182   Vitamin D active form 1,25-(OH)2D3 supplementation on 
toll-like receptors, BCR, MHC II, cytokines and chemokine profile 
in chicken B cells. Juan C . Rodriguez-Lecompte*1, Ori Elad1, Julian 
Reyes1, Alexander Yitbarek2, Shayan Sharif2, and Patricia McKenna1, 
1Atlantic Veterinary College, University of Prince Edward Island, 
Charlottetown, PE, Canada, 2Ontario Veterinary College, University 
of Guelph, Guelph, ON, Canada.

A research was conducted to evaluate the effects of 3 different con-
centrations of Vit D (1, 10 and 100 ng/mL) on chicken B cells with 3 
levels of LPS (0, 1 and 10 µg/mL) as a challenge model . Samples were 
analyzed by direct immunofluorescence, flow cytometry and quantita-
tive real-time PCR for gene expression of TLR2b, TLR4, BCR (Igβ), 
MHC II, IL-1β, IFN-γ, IL-6, IL-8, and IL-18. REST 2009 was used to 
assess gene expressions in fold change relative to control and β-actin. 
There were no significant differences in either BCR or MHC II profiles 
in the chicken B cells surface by flow cytometry; however, there was 
a tendency of upregulation of MHC II when the cells were challenged 
with LPS . In unchallenged cells, vitamin D at 1 ng/mL did not show 
any effect while at 10 ng/mL it showed a dual significant effect by 
downregulating IL-6 and upregulating IL-1β and IL-8 . At 100 ng/mL 
there was a significant upregulation of IL-1β. B cells incubated at 10 

and 100 ng/mL of Vit D and challenged with 1 µg/ml of LPS showed 
significantly upregulated TLR2b, TLR4, Igβ, MHC II, and IFN-γ (P < 
0 .05) . However, only vitamin D at 100 ng/mL and challenge with 10 
µg/mL of LPS significantly upregulated TLR2b, TLR4, Igβ, MHC II, 
and IFN-γ (P < 0 .05) . In conclusion, chicken B cells incubated with 
different levels of 1,25-(OH)2D3 tend to affect cell surface MHC II and 
upregulate TLRs, BCR (Igβ), and pro-inflammatory cytokine profiles. 
Vit D effects are dose dependent, and are modified in the presence of 
LPS . Our results are indicative of Vit D activity as an immune modula-
tor, regulating the excessive expression of pro-inflammatory cytokines 
and increasing the innate and adaptive mechanisms to recognize and 
present antigens in chickens B cells

Key Words: vitamin D, B cell, cytokine, TLRs, MHC II

183   Effect of acute response against lipopolysaccharides from 
Salmonella Typhimurium on performance, cytokines, and ghre-
lin mRNA expression in Broilers. Elizabeth Santin*1, Mariana L . 
Moraes2, Fatemeh Alemi3, and Kirk C . Klasing3, 1Universidadade 
Federal do Parana, Curitiba, PR, Brazil, 2Universidade Federal do 
Rio Grande do Sul, Porto Alegre, RS, Brazil, 3University of California 
Davis, Davis, CA.

The acute phase of the immune response is the first mechanism of 
defense and it triggers systemic and metabolic changes that can be 
nutritionally costly . The purpose of this study is to evaluate the effect 
of an acute phase immune response on feed intake (FI), body weight 
gain (BWG) and feed efficiency (G:F) of broilers and relate it to mRNA 
expression of TLR4 and cytokines in liver and duodenum and mRNA 
expression of ghrelin in proventriculus of broilers . All the broilers were 
Cobb (4 wk of age) and distributed in randomized design with 2 treat-
ments (LPS positive challenge and negative control) with 6 repetitions 
of 6 birds each . In Trial 1 broilers were evaluated at 3 h and in Trial 2 
at 12 h after LPS challenge (AC) . It was observed that birds challenged 
with LPS showed reduction in FI of 40% 3 h AC and 43% at 12 h AC 
and in BWG 98% at 3 h AC and 58% at 12 h AC compared with non-
challenged birds . The G:F was 0 .38 and 0 .77 at 3 h AC and 0 .55 and 
1 .22 12 h AC for challenged and non-challenged birds, respectively . The 
birds challenged also showed increase in the mRNA expression of IL12 
and TLR4 and reduction of IL10 at 12 h AC in duodenum . In liver, IL 
2, IL1B and IL12 increased at 3 h AC and at 12 h, IL12 increased and 
IL10 decreased. Ghrelin also significantly increased in challenge birds 
at 12 h AC . We conclude that the acute response against LPS reduced 
the performance of animals in few hours after challenge and that IL12 
increased the most in ileum mucosa and liver 12 h AC . The reduction on 
FI could be related to the increase of these pro-inflammatory cytokines, 
which affect many metabolic functions or have direct effects in appetite 
control centers to induce anorexia . Ghrelin is expressed by stomach cells 
during fasting states and might increase as a mechanism to mediate a 
compensatory increase in appetite .

Key Words: immune cost, IL10, IL12, pro-inflammatory response.

184   Selection for pro-inflammatory mediators produces chick-
ens more resistant to foodborne and poultry pathogens. C . L . 
Swaggerty*1, I . Y . Pevzner2, K . J . Genovese1, H . He1, J . L . McReyn-
olds1,3, J . A . Byrd1, and M . H . Kogut1, 1USDA/ARS, College Station, 
TX, 2Cobb-Vantress Inc., Siloam Springs, AR, 3Elanco Animal Health, 
Greenfield, IN.
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We developed a novel selection method based on an inherently high and 
low phenotype of pro-inflammatory mediators and produced “high” and 
“low” line chickens . We have shown high line birds are more resistant 
to Salmonella enterica serovar Enteritidis and Eimeria tenella compared 
with the low line . Clostridium perfringens is the fourth leading cause of 
bacterial-induced foodborne illness, and is also an economically impor-
tant poultry pathogen and known etiologic agent of necrotic enteritis 
(NE) . The objective of this study was to determine if high line birds 
were also more resistant to NE than low line birds using an established 
model . Challenges were conducted twice (high line = 25/trial, 50 birds 
total; low line = 26/trial, 52 birds total) . Day-old chicks were provided 
a 55% wheat-corn-based un-medicated starter diet . A bursal disease 
vaccine was administered at 10× the recommended dose via the ocular 
route at 14 d of age . Birds were challenged daily for 3 d beginning at 
16-d-of-age by oral gavage (3 mL) with 107 cfu of C. perfringens/mL 
then necropsied at 21 d of age . All birds had sections of the intestine 
examined and scored for lesions while the first 10 necropsied also had 
gut content collected for C. perfringens enumeration . Chickens from 
the high line were more resistant to C. perfringens-induced NE pathol-
ogy compared with the low line as indicated by reduced lesion scores . 
Ninety percent of the high line birds had lesions of 0 or 1 compared 
with 67% of the low line birds . The average lesion score was 0 .50 in 
the high line and 1 .08 in the low line (P = 0 .002) . There were no dif-
ferences in the C. perfringens recovered (P = 0 .83) . These data provide 
additional validation and support selection based on elevated levels of 
pro-inflammatory mediators produces chickens with increased resistance 
against foodborne and poultry pathogens .

Key Words: Eimeria, pro-inflammatory, necrotic enteritis, Salmonella, 
selection

185   Identification of biomarkers for footpad dermatitis devel-
opment and wound healing. Juxing Chen*, Terra D . Wineman, Cindy 

A . Atwell, Chelsie K . Foran, Jeffery Escobar, and Mercedes Vazquez-
Anon, Novus International Inc., St. Charles, MO.

Footpad dermatitis (FPD) can be used in the poultry industry as an 
animal welfare criterion and to determine stocking density . To identify 
biomarkers for FPD development and wound healing, a battery cage 
trial was conducted in which a paper sheet was put on the bottom of 
cages to hold feces and induce FPD of broilers . Day of hatch Ross 708 
male broiler chicks were fed the same corn-SBM diets and assigned to 
3 treatments with 8 cages per treatment and 11 birds per cage . Cages 
without paper were used as a negative control (NEG) . Cages with papers 
during the entire growth period (d 0–30) were used as a positive control 
(POS) to continually induce FPD . Cages with paper during d 0–13 and 
without paper during d 14–30 were used to examine the dynamic of FPD 
development and wound healing (LWH) . Footpad lesions were scored 
to grade (G) 1 to 5 with no lesion in G1 and most severe lesion in G5 . 
Covering paper in POS and LWH induced 99% incidence of G3 footpads 
on d 13 . Removing paper from LWH healed footpad lesions by d 30 . 
Representative birds with lesions most close to pen average lesion scores 
were chosen to collect footpad skin samples for biomarker analysis . Total 
collagen protein, COL1A1 (type I α1 collagen), TIMP3 (tissue inhibitor 
of metalloproteinase 3), TNXB (tenascin X) and ITGA2 (integrin α2) 
mRNA levels were decreased (P < 0 .01), while TNC (tenascin C) and 
TNFα (tumor necrosis factor α) mRNA levels were increased (P < 0 .001) 
in G3 footpads in POS and LWH compared with G1 footpads in NEG 
on d 14 . On d 30, the levels of these parameters in LWH returned to the 
levels observed in NEG, but in POS, when papers were not removed, 
they were still different (P < 0 .004) than that of NEG . These results 
suggest that the amount of total collagen protein, COL1A1, TNXB, 
ITGA2, TNC, and TIMP3 mRNA in footpad is highly correlated with 
the development and wound healing of FPD, indicating that they are 
potential biomarkers of FPD development and wound healing .

Key Words: footpad dermatitis, lesion development, wound healing, 
gene expression, biomarker
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186   Development of a multi-color meat-type chicken for Ban-
gladesh. M . N . Islam*, M . A . Rashid, M . S . K . Sarker, and S . Faruque, 
Bangladesh Livestock Research Institute, Savar, Dhaka, Bangladesh.

In spite of increasing broiler meat production in recent years, avail-
ability of animal protein in Bangladesh is far below requirement . Due 
to concerns over poor production of the scavenging native chickens, 
Bangladesh Livestock Research Institute initiated a program to develop 
a meat type chicken to fill the demand of indigenous chicken. Two 
distinct varieties of indigenous chicken; available in the hilly areas of 
the country, were adopted as 2 male lines . F1 male of male lines were 
used to produce a multi-color table chicken (MCTC) using an exotic 
dual-purpose chicken as female line . Several trials were conducted on 
MCTC, both on station and on farm . MCTC gains about 800 ± 2 .50 
g at 7 wk of age with a feed conversion ratio of 1 .90:1 . Weight gain 
between on station and on farm trial did not vary significantly (P > 0 .05) . 
Compared with MCTC the indigenous chicken gains almost half during 
same time . It is adaptable in prevailing environmental condition and 
mortality is less than 2 percent during this period . It was concluded that 
meat-type MCTC may play a role in producing tasty chicken meat and 
encouraging retention of efficient scavenging native chicken produc-
tion in Bangladesh .

Key Words: meat-type chicken, multi-color, indigenous, commercial 
broiler, Bangladesh

187   Skin dielectric constant could be used as a tool to predict 
footpad dermatitis. Albaraa H . Sarsour*1, Edgar O . Oviedo-Rondón1, 
Luis C . Bernal-Arango4, Thays Quadros2, Yulieth D . Rodriguez-San-
chez3, and Liliane Borsatti5, 1Prestage Department of Poultry Science, 
North Carolina State University Raleigh, NC, 2Universidade Estadual 
Paulista, Jaboticabal, SP, Brazil, 3Universidad Nacional de Colombia, 
Bogotá, Cundinamarca, Colombia, 4Politecnico Colombiano Jaime 
Isaza Cadavid, Medellin, Antioquia, Colombia, 5Universidade Fed-
eral do Rio Grande do Sul, Porto Alegre, RS, Brazil.

Prediction of footpad dermatitis (FPD) before lesions are observed 
could be an important tool for genetic selection . Hoffman et al . 2013 
(BPSJ 54:553–561) concluded that footpad skin dielectric constant (DC) 
was negatively correlated with FPD scores at 11 and 22d of age when 
lesions were present . Three experiments were conducted to determine 
if it would be possible to predict FPD at 3 d of age using DC measured 
with a skin MoistureMeter D (Delfin Technologies). In experiment 1, 
600 Ross 708 eggs were subjected to 2 incubation profiles (INC). The 
first INC maintained eggshell temperatures (T) close to 38.0°C for 21 
d. The second profile had low (36.9°C) eggshell T for the first 3 d and 
38 .0°C until the last 3 d when eggs were subjected to elevated (38 .9°C) 
eggshell T, as is observed in multistage machines . After hatch, 120 chicks 
were randomly selected and placed in 4 pens with 2 replicate pens per 
treatment . In experiment 2, 180 Ross 708 male and female chicks were 
placed in 18 pens with used litter . In experiment 3, 64 male chickens 
were housed in 2 floor pens with new litter until 45 d of age. At 3 d of 
age, individual BW was recorded, and the DC for each chick footpad 
was measured 3 times . FPD scores were determined at 14 d for experi-
ment 1, at 14 and 21 d for the second, and 45 d of age for experiment 
3 . Data were analyzed with pairwise correlations between DC and FPD 
scores, ANOVA, and regression analysis of DC at 3 d in function of 
FPD scores at 14, 21 or 45 d . A negative correlation (r = −20.21, P < 
0 .05) between DC at 3 d and FPD at 14 d was observed in experiment 
1 . Chicks with FPD at 14 d had higher (P < 0 .05) DC (24 .21 ± 0 .29) 

than those that did not have it (23 .02 ± 0 .46) . In experiment 2, the skin 
DC at 3 d decreased by (P < 0 .05) 0 .51 as FPD scores increased from 
0 to 7. No significant (P > 0 .05) differences on DC among FPD scores 
at 45 d were observed in experiment 3 . However, the greatest footpad 
DC (20 .90 ± 2 .26) at 3 d was observed on chicks that did not have FPD 
at 45 d . It was concluded that even though skin DC measurements were 
not accurate to predict FPD, this methodology could be improved to aid 
in genetic selection to reduce FPD .

Key Words: footpad dermatitis, dielectric constant, skin

188   Role of direct-fed sulfur to broilers and litter ammonia 
levels. James T . Krehling*, Joseph B . Hess, Laci B . MacKay, Anthony 
N . Frazier, Katrina G . English, and Kenneth S . Macklin, Auburn Uni-
versity, Auburn, AL.

High ammonia levels negatively affect bird performance as well as 
overall health of the flock. Ammonia is typically controlled using an 
acidifying litter amendment; however, the effectiveness of these products 
is relative . A previous report from our lab had shown that the addition of 
sulfur to the diet was able to reduce ammonia levels without affecting 
bird live performance . As a follow up 2 37D studies were performed 
consecutively in the same facility with a 5-d down time between gro-
wouts . For both studies, 800 straight-run broilers were obtained and 
randomly distributed into 32 pens (25 birds/pen) . Treatments (trt) were 
control (CON), which contained no sulfur in the diet and no litter trt; feed 
with sulfur at 5lbs/ton in the diet with no litter trt (S); Trt SSB, which 
contained the same sulfur levels as S and sodium bisulfate added to the 
litter at 50 lbs/1000ft2 . The last treatment, SB, contained only sodium 
bisulfate at the level described in SSB . Bird live performance data were 
recorded at d 0, 9, and 37 . Ammonia measurements were taken at d 9, 
23, and 37 . Also on d 37, birds were scored for pododermatitis and litter 
samples were collected for pH determination . Data were analyzed using 
the GLM procedure; if significant (P ≤ 0.05), means were separated 
using Tukey HSD. In study 1, ammonia levels were significantly lower 
on d 9 for SSB and SB compared with CON and S (1 .36c, 2 .28c, 3 .35ab, 
4 .04a). This trend was also observed at d 23 whereas by d 37 significance 
can be observed when trts S and SSB (2 .90b, 4 .41b) are compared with 
SB (13 .07a). Litter pH was significant with trt S and SSB (6.83b, 6 .79b) 
versus CON and SB (7 .80a, 7 .74a) . In study 2, ammonia levels were not 
significantly different although a trend was observed with trt S and SSB 
exhibiting lower ammonia levels for each of the 3 measurement dates . 
CON showed the lowest ammonia reading on D23 but highest reading 
by D37. Litter pH results were significantly lower for SSB (7.16b) than 
CON (8 .24a) . The addition of sulfur at 5 lbs per ton to a broiler diet 
was capable of lowering ammonia and litter pH . Sulfur inclusion had 
no negative effects upon live performance or footpad lesions .

Key Words: sulfur, ammonia, litter, broiler, pododermatitis

189   Effect of different lamp dimmers on LED lamp per-
formance. Robert L . Alphin*, Daniel P . Hougentogler, Sarah M . 
Morrisey, William R . Brown III, and Eric R . Benson, University of 
Delaware, Newark, DE.

As a variety of new poultry-specific light emitting diode (LED) lamps 
have become available, many broiler growers are considering replac-
ing their older technology lamps with LED lamps to reduce energy 
costs . To maximize performance, lighting intensity is often reduced in 
commercial broiler houses to decrease bird activity and increase feed 
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efficiency. Incandescent and LED lamps respond differently to dimming 
and changes in lighting technology may require different dimmers or 
dimmer settings . Different dimmer technologies are used to reduce lamp 
output to achieve the necessary reductions in light intensity . Because 
of the large financial investment required to replace all the lamps in 
a broiler house, broiler growers and integrators have been requesting 
lamp and dimmer information to assist in lamp, dimmer and dimmer 
setting selection . The purpose of this study was to provide relevant 
information to broiler growers and integrators about the performance of 
specific lamps when paired with specific dimmers. This study evaluated 
the effect of 8 different commercial dimmers on the performance of 16 
different LED lamps . In addition, many of the dimmers have multiple 
dimmer settings that needed to be evaluated . A spectrometer with an 
integrated sphere was used to individually evaluate each lamp, dimmer, 
and dimmer setting combination . This testing system recorded input and 
output voltage, power consumption, luminous flux and spectral power 
distribution of the lamps tested . These measurements were recorded 
for each combination of lamp, dimmer, and dimmer settings from 0 to 
100% at 10% increments . In general, the lamp’s performance differed 
with dimmers and dimmer settings and this affected lamp spectral 
power distribution, power efficiencies and luminous output. No one 
lamp worked effectively with all dimmers and no one dimmer worked 
effectively with all lamps . Limited changes in the relative spectral power 
distribution reflecting changes in color with dimming were observed. A 
linear dimmer – lamp response was desired, with a R2 of 1 .0 being ideal . 
To date, a limited number 47 (32%) of lamp-dimmer combinations had 
a R2 of 0 .95 or greater .

Key Words: lighting, LED, dimmer, spectral, efficiency

190   Effect of growing period lighting programs on commer-
cial layer performance. Petek Settar*, Neil P . O’Sullivan, and Jesus 
Arango, Hy-Line International, Dallas Center, IA.

Lighting programs are one of the key management tools determining 
layer hen growth and lay performance . There have been many different 
applications for commercial layer worldwide based on traditions, hous-
ing system, and environmental or economic conditions . We evaluated 
the effect of the recommended growing period lighting program vs . 2 
common field applications on Hy-Line W36 growth and lay perfor-
mances . A total of 600 day-old W36 chicks were randomly distributed 
into 3 treatments. Birds in the first treatment (STD) started with 20h 
light at first week; afterward, light was decreased each week to reach 
10 h light at 10 week . They were held at 10 h light until 17 wk of age . 
Second treatment (24/12) started with 24 h continuous light until 7 wk 
of age . At 7 wk, light was reduced to 12 h and held until 17 wk . Third 
treatment (12/12) received 12 h light from first week until 17 wk of age. 
After 17 wk of age all groups were subject to identical step up light 
stimulations. Birds reared in environmentally controlled floor rooms, 
birds in each treatment placed into 2 rooms . Traits recorded were indi-
vidual biweekly body weights, age at sexual maturity, egg weight and 
shell quality traits (first 3 egg, 26 weeks, and every 10 weeks afterward), 
daily production and mortality . Data were analyzed by using a linear 
model that included treatments and rooms within treatment . Body 
weight was highest in the 24/12 h treatment until 4th week but becom-
ing the lowest of all treatments by 17 weeks . The standard light group 
showed better growth performance up to the 14th week of age . There 
were significant differences (P < 0 .01) for sexual maturity: the 12/12 h 
constant light treatment reached maturity 10 d earlier than others, while 
the slowest maturing was the 24/12 h treatment . Results for egg weight 
and shell quality also differed (P < 0 .05) among lighting treatment . This 
study showed that different light programs in the growing period had 
significant effect on growth and performance throughout birds’ lifetime.

Key Words: layer, lighting program, growth, performance trait

191   Comparison of a 1940 Leghorn and 2013 commercial white 
egg strain on egg production and quality in the same cage environ-
ment and dietary programs. Kenneth Anderson*1, Ramon Malhei-
ros1, and Nick Anthony2, 1North Carolina State University, Raleigh, 
NC, 2University of Arkansas, Fayetteville, AR.

During the past 7 decades, primary breeders have selected for traits in 
commercial Leghorn strains that have enhanced the efficiency of egg 
production . Selection emphasis changed periodically for numerous traits, 
some of which included feed conversion, egg size, or number of eggs 
produced . Two Leghorn table egg genetic stocks consisting of a 1940 
Leghorn Strain (WL) and a 2013 Tetra White Strain (TW) were housed 
in the same environment and compared for production characteristics . 
All pullets were raised identically in a cage rearing facility then moved 
to an environmentally controlled laying facility with tri-deck cages . 
Feed consumption, egg production, and mortality were monitored daily 
and compiled every 28 d . The study was conducted from 17 through 69 
wk of age . The experiment was a completely randomized design with 
2 replicates for each strain in the cage environment housed at 440 cm2/
bird . All diets were provided ad libitum, based upon the caged birds’ 
consumption and productivity . One day’s eggs were sampled every 4 wk 
for a total of 13 periods to determine the USDA grades as well as egg size 
distribution . All data were analyzed using PROC ANOVA in JMP, Tukey 
HSD used to separate means for the period and Student’s t-test for the 
strain means . The TW had superior performance (P < 0 .0001) than the 
WL in all of the production and egg size distribution traits throughout 
the periods . Overall HD production for the TW was 74 .6% while the 
WL production was 55 .9% feed conversion for the TW and WL were 
0 .45 and 0 .31 g egg/g/feed, respectively . Surprisingly the mortality for 
the WL was 48 .6% higher than for the TW . This further illustrates the 
dramatic changes that poultry breeders have had on the development 
of egg-laying stocks used in the egg industry and challenges the logic 
regarding the expanded use of heritage breeds in egg production .

Key Words: Leghorn, layer, production, egg quality

192   The depopulation of caged laying hens using a compressed 
air foam system was evaluated with and without carbon diox-
ide gas. Robert L . Alphin*1, Morgan Farnell2, Daniel P . Hougento-
gler1, Jaclyn A . Weiher1, Kacey O’Donnell2, and Eric . R . Benson1, 
1University of Delaware, Newark, DE, 2Mississippi State University, 
Starkville, MS.

Current water based foam technology has been shown to be effective 
in the depopulation of floor-reared poultry during disease outbreaks 
and after natural disasters for structurally damaged poultry houses . 
Compressed air foam systems (CAFS) produce water-based foam 
differently than foam generator style systems used for floor-reared 
poultry and have the potential for use in caged layer operations with 
manure belts . A customized CAFS was developed to produce foam, 
which can penetrate into cages and has the retention time within cages 
to depopulate the laying hens . This study evaluated the use of CAFS 
using instrumented spent hens to compare 3 treatments: CO2 gas alone, 
CAFS with CO2 gas, and CAFS without CO2 gas, to determine the effect 
on bird welfare and performance . Forty-eight birds were instrumented 
with an accelerometer, electrocardiogram (ECG) leads, and a surgically 
implanted electroencephalogram (EEG) transmitter . An additional 144 
companion birds were only instrumented with acceleration sensors . The 
instrumented layer hen and one companion layer hen were placed in 
one cage and the other 2 companions were placed in an adjacent cage, 
then one treatment was applied . Sensor data were recorded for a total 
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of 900 s (15 min) . The time required to reach 4 critical physiological 
points was measured . Unconsciousness and brain death were determined 
using raw and frequency domain EEG data, with the onset of altered 
terminal cardiac activity determined from ECG data . Motion cessation 
was determined from the accelerometer data . Time to motion cessation 
for CO2 gas was 223 s, CAFS was 229 s and CAFS with CO2 gas was 
236 s, with no statistically significant differences at an a level = 0.05. 
CAFS foam with and without CO2 gas were both shown to be effective 
at depopulating layer hens in cages with manure belts .

Key Words: foam, depopulation, layer, outbreak, EEG

193   Study of some economic traits in broiler parent chickens 
(Cobb 500) during production period under the Egyptian con-
ditions. Ahmed A . Enab*, Farouk H . Abdou, Gamal A . Zanaty, and 
Hosam A . Elsayed, Faculty of Agriculture, Menoufia University, 
Shebin El-Kom, Egypt.

A total number of 5612 birds (4880 females + 732 males) one-day-old 
chicks of Cobb 500 broiler breeder chickens were randomly assigned to 
rearing house to evaluate their productivity under the Egyptian condi-
tions . A step down-step up lighting program was used during brooding, 
rearing and production periods . Chicks were given continuous light 
during the first 2 d post hatch, then reared on 8 h photoperiods between 
2 d and 20 wk of age, after that the photoperiod was increased to 16 h 
in the production period which ended at 65 wk of age . Three groups 
of pullets were included in this study group1 (G1), group 2 (G2) and 
control (C) . G1 pullets were photo stimulated with 12 h of light daily 
at 22 weeks of age, then photoperiod was increased by one hour per 
week up to 16 h daily . G2 pullets were photo stimulated with 11 h of 
light daily at 20 weeks of age, then photoperiod was increased by 1 h 
weekly up to 16 h daily The studied traits were age at sexual maturity, 
body weight, feed consumptions, mortality, fertility and hatchability . The 
results showed that means of age at sexual maturity were 174 d, 170 d 
and 164 d, means of body weight were 4227 .9, 4176 .3, and 4060 .8 g, 
means of feed consumptions were 139 .4, 139 .8, and 145 .1 g/bird/day, 
means of mortality were 3 .8, 4 .5 and 3 .2%, means of fertility were 89 .3, 
85 .0, and 89 .6% and means of hatchability were 87 .9, 85 .9 and 85 .1%, 
in groups G1, G2 and C, respectively. There were significant differences 
(P < 0 .05) between groups for age at sexual maturity, body weight, feed 
consumption, and mortality, but no differences for fertility and hatch-
ability . It was concluded that Cobb 500 broiler breeder chickens have 
a good productivity under Egyptian conditions . This encourages the 
Egyptian breeders to commercially use this line to produce one-day-old 
chicks for the Egyptian market .

Key Words: Cobb 500, evaluation, economic trait, Egyptian conditions

194   Effect of broiler hatching time and initial brooding litter 
temperature on performance of chicks from young and prime 
broiler breeder flocks. J . Brake*1, R . Shiranjang2, S . Ozlu2, and O . 
Elibol2, 1North Carolina State University, Raleigh, NC, 2University of 
Ankara, Ankara, Turkey.

The effect of hatching time and either hot or cool initial brooding litter 
temperature (first 2 d) on feed consumption, BW, and mortality of chicks 
from 27- and 37-wk-old broiler breeder flocks was studied. Hatching 
time was determined by identifying all chicks that hatched from 468 
to 488 h (early), 489 to 492 h (middle), and 493 to 510 h (late) after 
start of incubation of eggs from these young and prime breeder flocks. 
Identified chicks were allowed to remain in the hatcher. At 510 h of 
incubation, all chicks were removed from the hatcher, feather sexed, 
permanently identified with neck tags, weighed, and placed in 2 brood-

ing rooms (cool litter temperature of 26°C and hot litter temperature of 
33°C) with 19–20 pens each for a total of 546 Ross 308 chicks in this 
3 × 2 design . After 48 h, litter temperature was reduced to 30°C in both 
rooms . Birds and feed were weighed at placement and 2, 7, and 35 d of 
age . Mortality was recorded twice daily . Broilers from the 27-wk-old 
breeders consumed less feed and weighed less at 35 d than broilers from 
the 37-wk-old breeders (P < 0 .05) . Hot-brooded chicks exhibited greater 
feed consumption to 2 d of age and had greater BW at 7 d compared 
with cool-brooded chicks (P < 0.05). However, there were no significant 
differences in feed consumption and BW due to initial brooding litter 
temperature at 35 d of age . Broiler chick BW was less at placement in 
Early hatching chicks compared with middle and late hatching chicks 
(P < 0 .05) but this disadvantage disappeared by 2 d . The BW of the 
early and middle hatching was numerically greater (40–45 g) compared 
with Late hatching chicks at 35 d and late hatching chicks exhibited 
greater cumulative mortality compared with early hatching chicks (P < 
0 .05) . The greatest mortality occurred in late hatching chicks from the 
27-wk-old breeders when subjected to cool litter temperature during 
the first 2 d of brooding.

Key Words: litter temperature, broiler breeder flock age, hatching time, 
body weight, feed consumption

195   Do incubation temperature profiles affect energy and nutri-
ent utilization? Luis C . Bernal-Arango*3, Edgar O . Oviedo-Rondón1, 
Albaraa H . Sarsour1, Manuel Da Costa1, Juan C . Rios-Alva2, Jenna 
Scott1, and Carolina Diaz-Ramirez4, 1Prestage Department of Poultry 
Science, North Carolina State University, Raleigh, NC, 2Universidade 
Estadual Paulista, Jaboticabal, SP, Brazil, 3Politécnico Colombiano 
Jaime Isaza Cadavid, Medellin, Colombia, 4Universidad de Ciencias 
Aplicadas y Ambientales U.D.C.A, Bogotá, Colombia.

Incubation temperature profiles (INC) have been reported to affect 
broiler BW gain and FCR . Suboptimal INC has been shown to reduce 
live performance . Two experiments were conducted to determine the 
effect of INC on dry matter (DM) and protein digestibility, AME and 
AMEn in broilers . Two INC were evaluated in both experiments in 
combination with other factors such as dietary trace mineral (TM) 
source and genetics. The first INC (S) maintained eggshell temperatures 
(T) close to 38.0°C for 21d. The second profile (LH) had low (36.9°C) 
eggshell T for the first 3d and 38.0°C until the last 3d when eggs were 
subjected to elevated (38 .9°C) eggshell T, as is observed in multistage 
machines . In experiment 1, 1,000 Ross 708 eggs were subjected to these 
2 INC . At hatch, 168 males per INC were placed in 24 battery cages 
with 7 chickens per cage . The 48 cages were then assigned to 2 TM 
dietary treatments, one with inorganic sources of Zn, Cu, and Mn (ITM) 
at 125, 10, and 125ppm levels of inclusion, respectively, and the other 
with an organic (OTM) source of these TM chelated with 2-hydroxy-4-
(methylthio) butanoic acid using 32, 8, and 32ppm levels of inclusion . 
In experiment 2, 3,000 eggs from 3 Cobb genetic lines were split into 
2 machines with the same INC . At hatch, 180 broilers per treatment 
combination were placed in 15 pens with new wood shavings, each 
with 6 males and 6 females . Excreta samples were collected at 18–21d 
in experiment 1 and 45–47d in experiment 2. Starter and finisher diets 
contained Celite as an inert marker . Data were analyzed as RCBD with 
2x2 and 2x3 factorial arrangement of treatments with INC and either 
TM source or genetics as main factors . Battery cage or location within 
the house was considered a random block . In both experiments INC 
affected live performance (P < 0 .05) and LH showed decreased BW 
gain, FI and worse FCR compared with S . However, INC did not affect 
(P > 0 .05) DM or protein digestibility, AME or AMEn . No effect of TM 
source (P > 0 .05) on digestibility or energy utilization was observed . 
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The 3 genetic lines differed (P < 0 .001) only in protein digestibility . In 
conclusion, INC did not affect digestibility or AMEn directly .

Key Words: incubation, nutrient digestibility, AMEn

196   The influence of warm exposure conditions during simu-
lated transport on turkey hen physiology and meat quality. Cath-
erine J . Vermette*, Zoe A . Henrikson, Karen V . Schwean-Lardner, 
and Trever G . Crowe, University of Saskatchewan, Saskatoon, SK, 
Canada.

The influence of warm exposure conditions on 12-wk old turkey hens 
during simulated transport was evaluated. Ninety-six hens (3 flocks, 
32 hens per flock, 8 birds per treatment) were randomly assigned to 1 
of 4 treatments: 2 warm treatments at 28°C with 30 and 80% relative 
humidity (RH), and 2 moderate treatments at 20°C with 30 and 80% 
RH . Birds were placed in crates, mimicking transport space allowance, 
at a stocking density of approximately 83 kg/m2 . Birds within crates 
were placed inside a pre-conditioned environmental chamber for 8 h . 
Live shrink, internal body temperature, blood glucose levels and breast 
and thigh pH and color were recorded . Data were analyzed using SAS 
9 .4 as a 2 × 2 factorial based on a randomized complete block design, 
blocked by flock. Differences were declared significant at P ≤ 0.05. 
Live shrink after exposure to the 28°C, 30% and 80% RH treatments 
was greater than when birds were exposed to 20°C, 30% and 80% RH 
(P < 0 .001) at 2 .97% and 3 .42% vs . 1 .75% and 1 .77%, respectively . 
Core body temperature (CBT) was recorded every minute and averaged 
over the last 2 h for analysis . Glucose was measured before and after 
chamber exposure using a glucose meter and averaged over treatments . 
The 20°C 80% RH treatment had the lowest CBT (P < 0 .001) and the 
lowest mean post-treatment blood glucose level (P < 0 .001) at 40 .65°C 
and 14 .2mmol/l, respectively . CBT and blood glucose levels of the other 
3 treatments were not statistically different at 40 .98, 41 .17, and 41 .17°C 
and 15 .4, 15 .1, and 15 .1mmol/l, respectively . Breast and thigh meat 
pH measured using pH probe 20 min and 27 h post-mortem showed no 
differences between treatments . Color readings (L*) also taken 27 h 
post-mortem, showed no differences with the thigh meat . However, L* 
values of birds exposed to 28°C and 30% RH were lower (darker) than 
other treatments (P < 0 .001) . Exposure to warm temperatures affected 
turkey hen physiology with higher core body temperatures, greater live 
shrink, and higher blood glucose levels . Meat quality was affected to a 
lesser degree with minimal changes in breast color .

Key Words: transport, live shrink, core temperature, breast pH, breast 
color

197   Temperature and humidity conditions within two types of 
trailers transporting broiler chickens in western Canada. Nileeka 
H . Irugalbandara*, Catherine J . Vermette, Karen V . Schwean-Lardner, 
and Trever G . Crowe, University of Saskatchewan, Saskatoon, SK, 
Canada.

Temperature and humidity conditions within 2 types of commercial 
broiler transport trailers (roll-up vs . curtain) during a 6-mo period (13 
paired trips) of a western Canadian winter were recorded . Data were 
grouped into 3 ambient temperature (Tamb) ranges (Tamb ≤ −20°C, −20°C 
< Tamb ≤ −10°C; −10°C < Tamb ≤ 0°C). Eighty-four miniature data log-
gers, recording temperature and humidity (%RH) once every 2 min, were 
attached to transport modules and strategically positioned throughout 
the trailers . The locations of dead birds within the trailer (DOA), at the 
time of shackling, were also recorded . Data were analyzed in a complete 
randomized design using SAS 9 .4 to compare conditions between 2 
trailer types and within each type . Further analysis was completed to 

identify correlations between DOAs and exposure temperature (Texp) 
based on 2 transportation durations (≤2 h and >2 h). Average within-
trailer temperature and humidity conditions did not differ between the 2 
trailer types at all 3 Tamb ranges (P > 0 .05) . Texp levels were, on average, 
20 .8, 12 .0, and 11 .9°C greater than Tamb for the cold, moderate and warm 
Tamb ranges . Within each of the trailers, for the 3 Tamb ranges, there was 
a significant difference in Texp, based on location (P < 0 .05) for both 
trailer types . Humidity levels within both trailers were uniformly high 
(85–100%), with no statistical difference throughout the load when Tamb 
≤ −20°C. Humidity levels were also high but more varied (74–100%) 
for all other ranges and trailer types . Numbers of birds DOA were not 
correlated with Texp for long trips (P > 0 .05), but a correlation did exist, 
relating numbers of birds DOA and temperatures within roll-up-type 
trailers during short trips (P < 0 .05) . Overall, the analysis indicates lack 
of significant difference in conditions within the trailers between the 
2 types . Based on high RH and presence of wet birds, there appeared 
to be limited air movement and exchange within trailers, resulting in 
temperature heterogeneity and moisture accumulation .

Key Words: broiler, temperature, humidity, winter transportation

198   Increasing the distance between feeders and waterers 
does not improve tibia and calcaneus tendon breaking strength 
in broilers. Artemio J . Vargas-Galicia1, Arturo Pro-Martínez1, Eliseo 
Sosa-Montes3, Jaime Bautista-Ortega*2, Ciro A . Ruiz-Feria1, Leodan 
T . Rodríguez-Ortega1, Fernando González-Cerón2, Juan M . Cuca-Gar-
cía1, and Pablo A . Domínguez-Martínez1, 1Colegio de Postgraduados, 
Campus Montecillo, Texcoco, México, Mexico, 2Colegio de Postgrad-
uados, Campus Campeche, Champoton, Campeche, México, 3Univer-
sidad Autónoma Chapingo, Chapingo, Texcoco, México.

Skeletal disorders associated with leg weakness have been recognized as 
a serious problem in fast-growing broilers, resulting in economic losses 
and raising concerns about the well-being of the birds . Increasing physi-
cal activity has been reported to improve welfare parameters in broilers . 
The objective of this study was to evaluate the effect of distance between 
feeders and waterers on tibia (TiBS) and tendon breaking strength 
(TeBS) and body weight (BW) in broilers . Ross 308 male chicks (n = 
864) were randomly assigned to 2 treatments: distance between feeders 
and waterers of 3 (T1) or 9 m (T2) . Chickens were raised on volcanic 
rock (tezontle) with a stocking density of 18 birds/m2 (4 pen replicates/
treatment) . Right tibias and calcaneus tendons were collected at d 48 
(40 birds/treatment) and subjected to breaking strength tests (N) . The 
data were analyzed by one-way ANOVA . BW was recorded at d 49 . The 
TiBS (T1 = 259 ± 5 .8 vs . T2 = 258 ± 5 .8 N) and TeBS (T1 = 139 ± 9 .1 
vs . T2 = 143 ± 9 .1 N) was not affected by distance (P > 0 .05) . Birds in 
the 3 m treatment showed higher BW than birds in the 9 m treatment 
(2989 vs . 2867 ± 17 g, respectively) . Increasing the distance between 
feeders and waterers (9 m) did not improve TiBS and TeBS; moreover, 
the BW was negatively affected .

Key Words: broiler, distance, tibia, tendon, body weight

199   Feed intake patterns and efficiency of precision-fed broiler 
breeder pullets. Martin J . Zuidhof*, University of Alberta, Edmonton, 
AB, Canada.

In free-run poultry, little information on individual feed intake rate 
exists because these data are difficult to collect. A precision feeding 
(PF) system was developed to feed individual broiler breeders based on 
real-time BW measurements . Meal size, meal frequency, and feed intake 
rate are important determinants of feeding station capacity . To this end, 
an experiment was conducted to examine feeding behavior of 153 Ross 
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308 pullets from PF stations at 4 stocking pressures (SP): 23, 34, 44, and 
52 birds per station (SP23, SP34, SP44, and SP52, respectively) . Each 
bird was an experimental unit because every feeding event was applied 
at the level of the bird . Correlated repeated measures were accounted 
for by considering bird within pen as a random effect . A known amount 
of feed (45 g) was provided to birds when they weighed less than the 
target BW . They were allowed to eat for 150 s . From 28 to 42 d of age, 
feed disappearance was monitored every 15 s using a feeder load cell . 
A total of 8,750 meals were evaluated . Station visits averaged 60, 43, 
31, and 22 per day in order of increasing SP (P < 0 .0001) . Daily feed 
intake increased with age, but did not differ across treatments (range: 
43 .5 to 46 .3 g; P = 0 .06) . At SP23 and SP34, meal frequency was 2 .6 and 
2 .9 meals/d, respectively (P > 0 .05); meal frequency increased at SP44 

(4 .4) and SP52 (5 .4 meals/d), respectively (P < 0 .0001) . On average in 
the SP23 to SP52 treatments, respectively, birds received a meal once 
per 23, 15, 7, or 4 visits . Meal frequency did not change with age . Feed 
intake during each 150 s meal averaged 17 .2, 16 .1, 10 .2, and 8 .9 g in 
the SP23, SP34, SP44, and SP52 treatments, respectively . Regardless of 
meal size, pullets in all treatments consumed feed in a similar nonlinear 
pattern, averaging 25% of the total feed intake in the first 15 s, then 
14, 12, 10, 9, 8, 7, 6, 5, and 4% of the total meal in each subsequent 
15 s time increment . Feed conversion rate averaged 2 .71 g:g across all 
treatments (P = 0 .26) . The unexpected effect of SP on feed intake rate 
suggests that social or psychological factors may affect feeding behavior .

Key Words: feed intake, precision feeding, meal frequency, behavior, 
broiler breeder
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Metabolism and Nutrition: Feed Additives II

200   Effects of phytogenic feed additives on digestibility 
and growth performance in broilers. Christine Hunger*1, Klaus 
Maenner2, Carina Schieder1, and Jürgen Zentek2, 1Biomin Holding 
GmbH, Herzogenburg, Austria, 2Free University Berlin, Institute of 
Animal Nutrition, Berlin, Germany.

The effects of 2 phytogenic feed additives (PFA1 and PFA2) on growth 
performance and coefficients of apparent ileal digestibility were deter-
mined in 2 experiments using male Cobb 500 broilers kept in floor 
pens. In the first experiment, 480 broilers were assigned to 3 treatments 
(8 pens/treatment, 20 birds/pen) over a period of 42 d . Body weight 
(BW), feed intake and feed conversion ratio (FCR) were determined 
weekly . In the second experiment, 120 birds were randomly assigned 
to 6 pens . After 21 d, birds were killed after stunning and digesta was 
collected from the posterior half between Meckel’s diverticulum and 
2 cm before the ileo-cecal junction . Treatments included Control, 
PFA1 (a blend of spray-dried essential oils) and PFA2 (a blend of 
matrix-encapsulated essential oils - Digestarom P .E .P . MGE 150) . 
Birds were fed diets based on corn, soybean meal, and wheat with 
3 feeding phases: Starter (d 1–14), grower (d 15–28) and finisher (d 
29–42) . Results showed that the overall body weight was improved in 
birds fed PFA2 compared with Control (P = 0 .023; 3212 vs . 3134 g), 
whereas live weight of birds fed PFA1 was intermediate (3188 g) and 
did not differ from the other treatments (P > 0 .05) . Feed intake and 
mortality did not differ between treatments (P > 0 .05) . FCR in wk 6 
was significantly improved (P = 0 .020) in birds fed PFA2 compared 
with the Control (1 .73 vs . 1 .81) . Overall FCR was reduced by PFA2 (P 
= 0 .083; 1 .61, 1 .60 and 1 .58 in Control, PFA1 and PFA2, respectively) . 
PFA2 supplementation enhanced apparent ileal digestibility of crude 
protein (P < 0 .001) and phosphorus (P = 0 .028) in comparison to the 
Control . In conclusion, positive effects of 2 PFAs on broiler perfor-
mance and ileal apparent digestibility were shown. Benefits of PFA2 
were superior to those of PFA1 . Hence, this matrix-encapsulated PFA 
represents a tool for enhancing digestibility and growth performance 
in high-performing broilers .

Key Words: essential oil, feed additive, ileal digestibility, performance, 
broiler

201   Dose-dependent effects of a phytogenic feed additive in 
combination with esters of short- and medium-chain fatty acids 
on broiler performance. Leopold Jungbauer*1, Curtis Novak2, Ken 
Purser3, and Jan Dirk van der Klis1, 1Delacon Biotechnik GmbH, Stey-
regg, Austria, 2Purina Animal Nutrition, Kansas City, MO, 3Nutri-
quest, Mason City, IA.

A healthy gastrointestinal tract is essential for efficient nutrient diges-
tion and high performance in modern broilers . Phytogenic feed addi-
tives (PFA) such as Biostrong 510 (Delacon) have shown to improve 
nutrient digestibility and to enhance gut integrity . Feeding poultry short 
and medium chain fatty acids (SMCFA) has been shown to influence 
gut microbiota and reduce the number of pathogens . To evaluate the 
effects of combining a PFA and SMCFA supplemented at different 
levels on broiler performance a challenge study was conducted . For 
this purpose 2,000 male Cobb broilers were randomly allotted to 5 
treatments . Day old broilers were vaccinated with Coccivac-B, and 
subsequently on d 19, 20, and 21 all birds were challenged with C. per-
fringens. Treatments included: infected non-treated (INT) control group 
(8 replicates per treatment), 3 dose levels of the combination of the PFA 
and SMCFA (750 mg/kg, 1,000 mg/kg, 1,500 mg/kg) till d 28 followed 

by feeding PFA (150 mg/kg) alone until d 49 and Virginiamycin (20 
mg/kg) as a positive control (PC) . Birds were fed a corn-soy based 
diet ad libitum. On d 49, feed efficiency was significantly improved 
by the addition of the PFA and SMCFA combination at 750 mg/kg (P 
< 0 .05) compared with INT . Increasing the dose level did not further 
improve feed efficiency (P > 0 .05) compared with the lowest dose . 
Feed efficiency of birds fed PC was improved vs. PFA and SMCFA (P 
< 0 .05) . Body weight on d 49 was numerically increased by the lowest 
dose compared with INT. The 2 higher doses significantly (P < 0 .05) 
increased body weight compared with INT . BW of all birds fed PFA 
and SMCFA was not different compared with PC . With increasing dose 
BW numerically increased by about 60 g . Necrotic enteritis related 
mortality for all dose levels was improved (P < 0 .05) vs . INT and not 
different (P > 0 .05) from PC . From this trial, we concluded that the 
combination of the PFA and SMCFA can be powerful feed additive to 
improve performance of broilers when challenged with C. perfringens . 
Furthermore, the lowest dose tested provided the most desirable feed 
efficiency and lowest mortality.

Key Words: phytogenic, fatty acids, broiler

202   Effect of multi-enzymes and DFM combination on per-
formance, intestinal histology and immune response of broil-
ers with or without a coccidia challenge. Yueming Dersjant-Li*1, 
Ajay Awati1, Kirsty Kemmett1, and Kirk C . Klasing2, 1Danisco 
Animal Nutrition, DuPont Industrial Biosciences, Marlborough, UK, 
2Department of Animal Science, University of California Davis,, 
Davis, CA.

This study evaluated the effect of a combination of multi-enzymes and 
direct fed microbial (DFM) in intestinal histology, immune response and 
performance of male Cobb500 broilers with or without a mild coccidia 
challenge . Four treatments were tested in a 2 × 2 factorial design, includ-
ing (1) an unchallenged control diet (UC); (2) UC supplemented with 
multi-enzymes (xylanase, amylase and protease) and DFM (3 strains of 
Bacillus spp .); (3) Challenge control (CC); and (4) CC supplemented 
with the enzyme/DFM combination, with 8 replicate pens per treatment 
(6 birds/pen) . Diets were based on corn/soy and fed ad libitum in mash 
form . A mild coccidia challenge was introduced to challenged groups 
at d 5 . Body weight gain (BWG), feed intake and feed conversion ratio 
(FCR, feed/gain) were measured during 1–12 and 12–21 d . Intestinal 
morphology and immune response parameters were measured on d 12 
and 21 . Coccidia challenge did not affect feed intake but reduced (P 
< 0 .05) BWG and increased FCR compared with unchallenged birds . 
Overall treatment effect showed that enzyme/DFM improved BWG and 
reduced FCR compared with controls . The calorie conversion ratio (kcal/
kg BWG) was 125 and 221 kcal lower in the enzyme/DFM treatment 
compared with UC and CC, respectively, during 1–12 d . The challenge 
induced local responses by reducing villus height and increasing crypt 
depth. Systemic inflammatory response was modulated. Intestinal pro-
inflammatory cytokines (IL-6, IL-1β; P < 0 .05) in the intestine, acute 
phase proteins (hemopexin and α-1-glycoprotein) in the plasma and 
circulating heterophils were increased . The enzyme/DFM combina-
tion treatment alleviate the negative effect of coccidia challenge and 
maintained intestinal histology and immune response parameters at 
a level comparable to unchallenged control, with improved feed and 
energy efficiency.

Key Words: coccidia challenge, enzyme, DFM, broiler, immune 
response
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203   Broiler growth and bone ash responses to phytase super-
dosing depend on the dietary matrix applied to the phytase. 
Alyson E . Gautier*1, Carrie L . Walk2, and Ryan N . Dilger1, 1Uni-
versity of Illinois, Urbana, IL, 2AB Vista, Marlborough, Wiltshire, 
UK.

An experiment was conducted to evaluate the effects of superdosing 
with microbial phytase on growth performance and bone mineraliza-
tion of broilers fed practical diets with varying phytase matrices . Ross 
308 male chicks (n = 240) were housed in battery cages from d 2 to 23 
post-hatch . At 2 d of age, chicks were provided 1 of 6 experimental 
diets arranged as a 2 × 3 factorial with 2 levels of phytase (0 or 1,500 
FTU/kg; Quantum Blue, AB Vista, UK) and 3 phytase matrices (no 
matrix, phytase applied over the top; 500 FTU/kg mineral matrix 
[0 .15% available P (avP) and 0 .16% Ca]; and 1500 FTU/kg mineral 
matrix [0 .21% avP and 0 .23% Ca) . Experimental diets were fed in mash 
form to 5 birds per pen with 8 replicate pens per treatment . At 23 d of 
age, final chick and feeder weights were recorded and all chicks were 
euthanized for tibia collection . The statistical model included phytase 
dose, phytase matrix and the interaction. Significant means were 
separated using orthogonal contrasts. Feed intake (FI) was influenced 
(quadratic, P = 0 .012) by the phytase matrix applied to the diet, but 
there was no effect of phytase dose or the interaction on FI . Birds fed 
the diet with no phytase matrix gained more (linear, P < 0 .001) than 
birds fed the diet with the 1500 FTU/kg phytase matrix . Superdoses of 
phytase increased (P = 0 .011) body weight gain compared with birds 
fed 0 FTU/kg of phytase, regardless of the phytase matrix applied . 
Feed conversion ratio was not influenced (P > 0 .05) by phytase dose, 
phytase matrix, or the interaction . Tibia ash content was lowest (linear, 
P < 0 .001) in birds fed the 1500 FTU/kg matrix and highest in birds 
fed the diets with no phytase matrix and phytase supplementation 
increased ash content of dried, defatted tibias, especially in birds fed 
the 1500 FTU/kg matrix, which resulted in a phytase dose x phytase 
matrix interaction (P < 0 .001) . In conclusion, superdosing of microbial 
phytase resulted in improved chick performance and tibia bone ash, 
but the magnitude of the response is dependent on the matrix applied 
to the phytase .

Key Words: growth, bone ash, broiler, phytase

204   Toxinor and Toxiwall protective effect on mycotoxin-
induced Transepithelial electrical resistance reduction in Caco-2 
cells. Alvaro Ortiz*1, A . Romero2, M . A . Martinez2, E . Ramos2, I . 
Irma2, M . R . Martinez-Larrañaga2, A . Anadón2, and Juan J . Mallo1, 
1Norel S.A., Madrid, Spain, 2Departamento de Toxicología y Farma-
cología, Facultad de Veterinaria, Universidad Complutense de 
Madrid, Madrid, Spain.

Mycotoxins in feedstuffs harms the intestinal epithelium integrity . 
Transepithelial electrical resistance (TER) is a recognized method to 
assess intestinal integrity . To determine whether 2 products (based 
on clays and yeast cell walls, Toxinor: T1 and Toxiwall: T2) could 
exert protective effects against OTA, fumonisin B1 and aflatoxin B1, 
CACO-2 cells were treated with these mycotoxins (at 30 µM) and the 
additives (at 0 .1 mg/mL) . TER measurement was performed to eluci-
date the effect on membrane integrity . Measurements were conducted 
on d 7, 8, 9, 12, 13, 14, 15 and 16 . Tested groups were: CONTROL; 
CRTL+mycotoxin; CRTL+mycotoxin+additives . It can be concluded 
that the additives were able to restore TER values to normal . This can 
be interpreted as a protective effect against OTA, fumonisin B1 and 
aflatoxin B1; therefore, the additives could be used to prevent myco-
toxicoses in poultry production .

Table 1.

 Day 7 Day 8 Day 9 Day 12

CONTROL 151 .33 ± 2 .03 147 .00 ± 3 .61 143 .00 ± 3 .79 146 .00 ± 3 .21

OTA 123 .00 ± 2 .08*** 119 .33 ± 3 .38** 117 .67 ± 0 .33*** 121 .00 ± 2 .31*

OTA+T2 127 .00 ± 3 .61 131 .33 ± 2 .91# 127 .33 ± 2 .60# 141 .33 ± 6 .36#

OTA+T1 145 .33 ± 1 .76### 136 .67 ± 2 .73# 136 .67 ± 1 .20## 135 .67 ± 6 .64

FUMO 127 .00 ± 1 .53*** 117 .67 ± 1 .45** 119 .00 ± 2 .65** 120 .33 ± 2 .73**

FUMO+T2 143 .00 ± 2 .08## 140 .67 ± 4 .91## 137 .67 ± 5 .49# 148 .00 ± 4 .36##

FUMO+T1 138 .33 ± 2 .33## 137 .00 ± 3 .21## 136 .33 ± 1 .20## 142 .67 ± 1 .76##

AFB 133 .67 ± 1 .86** 125 .67 ± 1 .76*** 123 .33 ± 0 .88*** 122 .67 ± 3 .93**

AFB+T2 137 .00 ± 3 .21 131 .67 ± 1 .20 129 .67 ± 0 .88 135 .67 ± 2 .33#

AFB+T1 156 .67 ± 4 .41## 123 .00 ± 2 .08 120 .33 ± 1 .45# 135 .00 ± 1 .15#

 Day 13 Day 14 Day 15 Day 16

CONTROL 147 .67 ± 0 .88 145 .67 ± 0 .88 145 .00 ± 1 .15 145 .67 ± 2 .91

OTA 120 .00 ± 5 .29** 118 .00 ± 4 .62** 118 .33 ± 1 .86*** 115 .00 ± 1 .53***

OTA+T2 144 .00 ± 3 .06## 151 .33 ± 6 .36## 146 .33 ± 2 .40### 144 .67 ± 2 .60###

OTA+T1 138 .00 ± 2 .52## 140 .67 ± 3 .48## 145 .67 ± 1 .76### 146 .00 ± 3 .79###

FUMO 120 .67 ± 1 .76*** 117 .67 ± 1 .20*** 124 .33 ± 2 .33** 123 .00 ± 1 .53***

FUMO+T2 147 .33 ± 4 .48### 152 .00 ± 2 .65### 153 .00 ± 3 .21### 153 .67 ± 4 .06###

FUMO+T1 139 .67 ± 2 .73## 141 .67 ± 2 .60### 141 .00 ± 3 .21## 145 .67 ± 1 .86##

AFB 121 .67 ± 1 .76*** 122 .67 ± 3 .18** 127 .33 ± 2 .60*** 129 .33 ± 2 .60*

AFB+T2 138 .33 ± 1 .20### 141 .67 ± 1 .45## 145 .67 ± 2 .03## 153 .33 ± 6 .64#

AFB+T1 137 .67 ± 1 .45### 142 .33 ± 4 .33## 142 .67 ± 2 .19### 141 .33 ± 2 .40

###P < 0 .001 vs . control group; ***P < 0 .001 vs . mycotoxin-treated group .

Key Words: mycotoxin, toxicology, TER, mycotoxicosis

205   Toxinor and Toxiwall protective effect on mycotoxin-
induced cytotoxicity in Caco-2 cells. Alvaro Ortiz*1, A . Romero2, M . 
A . Martinez2, E . Ramos2, I . Irma2, M . R . Martinez-Larrañaga2, Arturo 
Anadón2, and Juan J . Mallo1, 1Norel S.A., Madrid, Spain, 2Departa-
mento de Toxicología y Farmacología, Facultad de Veterinaria, Uni-
versidad Complutense de Madrid, Madrid, Spain.

Mycotoxins are ubiquitous compounds in feedstuffs causing toxicity 
and therefore reductions in poultry productive indexes . Lately there is 
a growing interest in the detoxifying products based on the adsorption 
mechanism . Due to its monolayer-forming ability and its morphologic 
and biochemical characteristics, human Caco-2 cells are used as a model 
in toxicity assays, also valid for animal production . Products based on 
clays and yeast cell walls have been used in the animal industry due 
to their capability to reduce mycotoxins effects . To conduct the study 
Caco-2 cells were cultivated in a complete medium EMEM supple-
mented with penicillin/streptomycin, sodium pyruvate and a 20% fetal 
bovine serum . Cell density in each well was 1 × 105 cells/well in 96-well 
plates . Cells were allowed to adhere to the surface during 24h . Afterward, 
the treatments (mycotoxins and mycotoxins + test products based on 
clays and yeast cell walls) were added and remained in the wells for 24 
h . Cytotoxicity MTT was evaluated (methodology: Denizot and Lang, 
1986) . Experiments were triplicated with 3 different preparations . Con-
trol; Mycotoxin (30 µM) and Mycotoxin + Test Product (30 µM and 0 .1 
mg/mL, respectively) . Comparisons calculated with one-way ANOVA 
followed by Newman–Keuls post-hoc test; statistical differences were 
accepted when P < 0 .05 . We can conclude, therefore, that addition of 
Toxinor and Toxiwall protected Caco-2 cells against the abovementioned 
mycotoxin deleterious effect and thus, might be used as mycotoxicoses 
prevention products in poultry feeds .
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Table 1.

Mycotoxin
Viability reduction

Control Toxinor Toxiwall
Aflatoxin B1 14 .3 ± 1 .67### 42 .9 ± 2 .12*** 49 .0 ± 3 .74***
Fumonisin B1 28 .8 ± 2 .13### 88 .1 ± 2 .75*** 73 .3 ± 2 .61***
Ochratoxin A 33 .4 ± 1 .53### 88 .5 ± 1 .45*** 88 .7 ± 1 .93***

###P < 0 .001 vs . control group; ***P < 0 .001 vs . mycotoxin-treated group .

Key Words: mycotoxin, toxicology, cytotoxicity

206   Guanidinoacetic acid alleviates growth depressive effects 
of an arginine deficiency in broiler chicks. Amanda A . DeGroot1, 
Ulrike Braun2, and Ryan N . Dilger*1, 1University of Illinois, Urbana, 
IL, 2AlzChem AG, Trostberg, Germany.

This study was conducted to determine the efficacy of GAA to spare Arg 
in broiler chicks fed Arg-deficient practical diets. A basal diet (0.84% 
digestible Arg) was supplemented with Arg (0 or 0 .16%) and GAA (0, 
0 .06, or 0 .12%) to form a 2 × 3 factorial arrangement of diets . Addition-
ally, the basal was supplemented with 0 .32% L-Arg (1 .16% digestible 
Arg) as a positive control (PC) . Mash diets were fed to 8 replicate pens 
of 5 chicks per treatment from d 8 to 22 post-hatch, with measurements 
including growth and concentrations of Arg-related metabolites in blood 
and tissues, including GAA, creatine (Cre), phosphocreatine (PCr), and 
homocysteine (Hcy) . At study conclusion, psoas major biopsy samples 
were collected and snap-frozen after euthanasia (i .c . injection of pen-
tobarbital), and blood was sampled via cardiac puncture . All data were 
subjected to a 2-way ANOVA with an α of 0.05. Supplementation of 
Arg increased (P < 0 .05) BW gain from d 15 to 22 post-hatch, with the 
PC diet eliciting greater (P < 0 .05) BW gain than the negative control 
(NC) diet . Supplementation of either Arg or GAA increased (P < 0 .05) 
gain:feed (G:F) from d 15 to 22 and d 8 to 22 post-hatch, with G:F 
being reduced (P < 0 .05) in NC-fed versus PC-fed birds . An interactive 
effect (P < 0 .05) was observed as serum GAA was more responsive to 
GAA in the presence versus absence of supplemental Arg . Interactive 
effects (P < 0 .05) were also observed for concentrations of muscle total 
Cre and nearly every essential serum AA . Birds fed PC had greater (P 
< 0 .05) responses for nearly all blood and tissue outcomes compared 
with NC-fed birds . Muscle PCr and the PCr:ATP ratio were increased 
(P < 0.05) by supplementation with either Arg or GAA. No significant 
effects of supplemental Arg or GAA were noted for plasma or muscle 
homocysteine concentrations . These observations indicate that GAA 
supplementation alleviated the growth-depressive effects of an Arg 
deficiency (i.e., GAA spared Arg) and positively affected muscle energy 
stores (total Cre, PCr) in broiler chicks fed Arg-deficient practical diets.

Key Words: growth, broiler, arginine, guanidinoacetic acid, creatine

207   Guanidinoacetic acid improves muscle energy stores when 
included in practical broiler chick diets of varying arginine con-
tent. Amanda A . DeGroot1, Ulrike Braun2, and Ryan N . Dilger*1, 
1University of Illinois, Urbana, IL, 2AlzChem AG, Trostberg, Germany.

Two studies were conducted to test the efficacy of guanidinoacetic acid 
(GAA) to spare Arg and supply creatine (Cre) in supporting growth and 
muscle energy stores in broiler chicks fed practical diets . In both studies, 
12 replicate pens of 6 chicks received dietary treatments from d 2 post-
hatch . At study conclusion (d 30 post-hatch), 1 bird per pen of mean 
BW was sedated (i .m . injection of xylazine+ketamine) and euthanized 
(i .c . pentobarbital injection) after 8–12 min to collect and snap-freeze 
psoas major muscle for analysis of total Cre and phosphocreatine (PCr) . 
All data were subjected to a 1-way ANOVA with an α of 0.05. In study 

1, Arg-deficient starter and grower basal diets (0.97 and 0.84% digest-
ible Arg, respectively) were supplemented with 0 (negative control, 
NC), 0 .06, 0 .12, or 0 .18% GAA, or Arg (positive control, PC; 0 .37% 
and 0 .32% L-Arg in starter and grower phases, respectively) . Final 
BW, overall BW gain, and overall gain:feed (G:F) were increased (P < 
0 .05) by 0 .12% GAA compared with the NC, with 0 .06% GAA eliciting 
intermediate effects . Supplementation of 0 .12% GAA also increased the 
muscle PCr:ATP ratio (P < 0 .05) compared with the NC . In study 2, Arg-
adequate starter and grower basal diets (1 .32 and 1 .19% digestible Arg, 
respectively) were supplemented with 0 (negative control, NC), 0 .06, or 
0 .12% GAA, 0 .12% Cre monohydrate (PC1), or salmon protein (PC2; 
containing total Arg equal to NC and Cre equal to PC1 in each phase) . 
Overall G:F was increased (P < 0 .05) by PC1, but not PC2, compared 
with the NC, and 0 .12% GAA elicited effects on overall G:F that were 
intermediate to NC and PC1 . In muscle, 0 .12% GAA increased (P < 
0 .05) the PCr:ATP ratio compared with the NC (Arg-adequate) diet, as 
did PC1 and PC2 . These data indicate that GAA can be used to replace 
Arg and supply Cre in practical broiler diets containing either deficient 
or adequate concentrations of Arg .

Key Words: growth, broiler, guanidinoacetic acid, creatine, energy 
metabolism

208   Determination of inclusion level and efficacy of developed 
vitamin mineral premix for broiler chicken. M . S . K . Sarker*1, H . 
Khatun1, M . Y . Ali1, M . M . Rana1, and M . N . Islam2, 1Poultry Pro-
duction Research Division, Bangladesh Livestock Research Institute, 
Savar, Dhaka, Bangladesh, 2Director General, Bangladesh Livestock 
Research Institute, Savar, Dhaka, Bangladesh.

Two trials were conducted to determine the inclusion levels of devel-
oped vitamin mineral premix (DVMP) and its efficacy in contrast with 
a commercial vitamin mineral premix (CVMP) . A total of 540 Cobb 
500 unsexed 1-day-old broiler chicks (in each trial 270) were randomly 
weighed and assigned to (trial 1 - 35days) 6 dietary treatments (Control, 
DVMP1, DVMP2, DVMP3, CVMP1 and CVMP2) in a treatment of 
45 birds each following CRD experimental design . Trial 2 (35 d) also 
had 6 dietary treatments (Control, 0% DVMP +100% CVMP, 25% 
DVMP+75% CVMV, 50% DVMP+50% CVMP, 75% DVMP +25% 
CVMP and 100% DVMP +0% CVMP) . Each dietary treatment had 3 
replications of 15 birds and was reared in floor pens. All the individual 
vitamin and minerals were purchased and vitamin mineral premixes 
(VMP) were formulated following the recommendations of BSTI (2005) 
for broiler as per requirement . Data on body weight, feed intake, and 
feed efficiency were calculated and analyzed by SAS 9.1 Statistical 
Software program . In trial 1, the premixes were developed in 3 differ-
ent concentrations (low, medium, high) and it was found that the suit-
able level of DVMP was medium, considering significantly (P < 0 .05) 
improved weight gain and feed conversion ratio (FCR) compared with 
control diet and similar to CVMP . In trial 2, broilers fed diets containing 
75% DVMP+25% CVMP showed better performance in terms of feed 
efficiency and dressing yield. In conclusion, medium level of DVMP 
showed to be suitable and about 75% of it may be substituted in the diet 
of broiler chicken. These findings will indirectly reduce the dependency 
of imported vitamin mineral premixes and to enhance broiler produc-
tion in Bangladesh .

Key Words: vitamin mineral premix, developed premix, commercial, 
growth performance, feed conversion ratio

209   Organic acid products promote broiler gut health and 
performance. Nima Khodambashi Emami1, Emma N . Graystone2, 
and Leon J . Broom*2, 1Center of Excellence in Animal Science 
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Department, Faculty of Agriculture, Ferdowsi University of Mashhad, 
Mashhad, Iran, 2Anpario plc, Manton Wood Enterprise Park, Work-
sop, United Kingdom.

The objective of the study was to determine the effect of 3 commer-
cially available organic acid products (OAPs) on the gut health and 
performance of broilers orally challenged with a subclinical dose of E. 
coli . 875 Ross 308, one day old broilers were split into 7 groups with 5 
replicates of 25 birds per group . The groups were: I) Control (C) - no 
supplementation, II) 2 kg/t of OAP 1 in all phases, III) 4 kg/t of OAP 1 
in all phases, IV) 1 .0/0 .75/0 .5 kg/t of OAP 2 in the starter(S) (1–10 d), 
grower(G) (11–24 d) and finisher(F) (25–35 d) phases, V) 1 kg/t of OAP 
2 in all phases, VI) 0 .7/0 .5/0 .5 kg/t of OAP 3 in the S, G and F phases 
and VII) 1 .0/0 .7/0 .5 kg/t of OAP 3 in the S, G and F phases . The 3 OAPs 
(Anpario, UK) have differing combinations of formic and propionic 
acids and their salts on mineral carriers . All diets were formulated to 
meet or exceed the nutrient requirements of Ross 308 broilers . Feed 
and water were provided ad libitum . At d 7 of age, all birds were orally 
challenged with 108 cfu of an E. coli K88 . Performance parameters were 
determined through to 35 d of age . Three birds per replicate per group 
were killed at 35 d of age for cecal microbiological analysis by qPCR . 
Data were analyzed using the GLM procedure of SAS and differences 
between groups (P < 0 .05) determined by the Tukey test . The results 
showed that all OAP groups (with 2 exceptions) increased feed intake 
(FI), growth rate (GR) and feed conversion (FCR) compared with C 
birds (P < 0 .0001) . The exceptions were groups II and III, where FI 
were not different, although GR and FCR were improved, compared 
with C birds . In fact, group III had the best FCR (1 .59 vs . 1 .72 (C)), 
while group VII had the highest GR (56 .06 vs . 50 .16 (C) g/bird/day) . 
The cecal microbiology data showed that all OAP groups reduced E. coli 
by between 1 .3 and 1 .8 Log10 cfu/g cecal contents (SEM 0 .1305; P < 
0 .0002) and increased lactobacilli by between 1 .4 and 2 .0 Log10 cfu/g 
cecal contents (except group III, which was intermediate) (SEM 0 .1574; 
P < 0 .0011) compared with C birds . In conclusion, the OAPs promoted 
broiler gut health and performance, and provide ROI of up to 20:1 .

Key Words: broiler, organic acid, performance, gut health, microbiology

210   Withdrawn. 

211   Withdrawn. 

212   Using treated date pits in broiler diets to treat microbial 
bacteria. Ahmed S . Hussein*, Salem R . Ali, Ibrahim H . Belal, and 
Khaled A . Al-Tarabily, United Arab Emirates University, Al Ain, 
United Arab Emirates.

This study describes the process for producing a natural antibiotic from 
date pits degraded by fungi (Trichoderma reesei) to treat microbial bac-
teria in broiler chickens . This product was used as a feed replacement 
for corn, and an additive to replace antibiotics as a safer alternative for 
poultry . Two hundred broiler chicks (Cobb 500) were divided randomly 
into 18 Petersime brooding battery cages . One-day-old chicks were fed 
6 different dietary treatments . Each diet was fed to 3 replicate groups 
of 11 chicks each . The diets were isonitrogenous and isocaloric . Treat-
ment 1 contained a corn-soy diet (Control-A) . While Treatment 2 was 
composed of a corn-soy diet in addition to oxytetracycline antibiotic 
(Control-B), in treatments 3 and 4 non-degraded date pits were added 
to the corn-soy in 2 different percentages, 5 and 10%, respectively . 
Also in treatments 5 and 6 degraded date pits were added respectively 
with the same percentages as in treatments 3 and 4 .The effect of adding 
degraded date pits to the starter and finisher diets resulted in similar final 
body weights and feed conversion ratios in all treatments, indicating a 
possible replacement for part of the corn in broiler diets by date pits . 
The results of using date pits degraded by fungi as a natural antibiotic 
product in poultry feeds with a 5–10% concentration reduced the micro-
bial bacterial population (pathogenic diseases) such as Salmonella spp ., 
Campylobacter spp ., Shigella spp ., and Escherichia coli; and could 
replace antibiotics .

Key Words: broiler diet, date pits, natural antibiotic, bacteria, fungi
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213   Effects of dietary protein concentration on performance 
and health in Pekin ducks during aflatoxicosis. Xi Chen*1, Rhonda 
Murdoch2, Dan J . Shafer2, and Todd J . Applegate1, 1Purdue University, 
West Lafayette, IN, 2Maple Leaf Farms, Leesburg, IN.

A 14-d trial was conducted to determine the effect of dietary protein 
concentration on performance and health in Pekin ducks during aflatoxi-
cosis . The 4 dietary treatments were arranged in a 2 × 2 factorial with 2 
CP concentration (20 and 24% on analyzed basis) with or without 0 .20 
mg/kg AFB1 (0 .21 mg/kg analyzed) . Each diet was fed to 6 replicate 
cages per diet (6 ducks per cage) from 0 to 14 d of age . The AFB1 reduced 
BW gain, feed intake, and breast muscle weight by 33 to 43% (main 
effect P ≤ 0.0001), while high CP diet improved BW gain by 18% and 
breast muscle weight by 40% (main effect P ≤ 0.004). High CP diet also 
increased feed efficiency of the ducks by 10% (main effect P = 0 .021), 
but there was no significant interaction of AFB1 and CP observed for 
any performance measures . In addition, AFB1 reduced serum glucose, 
albumin, total protein, globulin, and calcium concentration (P ≤ 0.0015), 
while high CP diet reduced serum aspartate transaminase and increased 
serum uric acid concentration, yet no interaction of AFB1 and CP concen-
tration was found for serum measures . Jejunal mucosal enzyme (sucrase 
and maltase) activity and pancreatic protease were not affected by dietary 
treatments, while amylase and lipase activities were increased by AFB1 
(main effect P ≤ 0.0048). Additionally, high CP diet increased the villus 
height: crypt depth ratio (main effect P = 0 .023) . Results from this study 
indicate that 0 .2 mg AFB1/kg diet significantly impairs growth, breast 
muscle yield, and major serum biochemistry measures in Pekin ducks 
from hatch to 14 d, while higher dietary CP can significantly improve 
performance of the ducks regardless of aflatoxin contamination level, 
primarily due to improved feed efficiency.

Key Words: aflatoxin B1, crude protein, Pekin duck, performance

214   Withdrawn. 

215   Evaluation of AME of by-products from the soybean oil 
and biodiesel industries and their different blends. Liliane Bor-
satti*, Sergio Luiz Vieira, Marco Antonio Ebbing, Rafael Fontana Abs 
Cruz, and Vinicios Gestaro, Universidade Federal do Rio Grande do 
Sul, Porto Alegre, Rio Grande do Sul, Brazil.

Fats and oils are important feedstuffs for broiler chicken diets as high 
energy ingredients . The increasing availability of by-products from 
refined soybean oil and biodiesel industries makes them a potential 
source of energy in poultry diets . Two studies were conducted to deter-
mine AME of these by-products and their combinations . At total of 390 
21-d-old male broilers were utilized for each experiment distributed in 
a completely randomized design with factorial arrangement of 4 fat 
sources and 3 levels of inclusion plus the basal diet without any fat 
sources . Each study contained 13 dietary treatments with 6 replicates 
of 5 chickens per replicate. In the first study the fat sources used were: 
acidulated soybean soapstock (ASS), glycerin (GLY) and lecithin (LEC) 
as well as a blend containing 85% ASS, 10% GLY and 5% LEC (blend) . 
The proportions of fat sources in the blend were similar to those in the 
crude soybean oil . In the second study blends of these fat sources with 
5% LEC were used . Blend 1 had 85% ASS), 10% GLY and 5% LEC; 
blend 2 contained 80% ASS, 15% GLY and 5% LEC; blend 3 was 
composed of 75% ASS, 20% GLY and 5% LEC; and blend 4 had 70% 
ASS, 25% GLY, and 5% LEC . The experimental treatments consisted 
of addition of each supplemental fat source at the levels of 0% (100% 

of basal diet (BD)), 2% (98% BD + 2% fat source), 4% (96% BD + 
4% fat source) or 6% (94% BD + 6% fat source) . The total excreta 
collection was conducted for 72h . Results observed for AME were as 
follow: 7,153 kcal/kg for ASS, 3,916 kcal/kg for GLY, 7,050 kcal/kg 
for LEC and 8,451 kcal/kg for the blend . In the second study the blend 
2 showed the highest AME value (8,460 kcal/kg) when compared with 
blend 1 (7,366 kcal/kg), however, these were not different from blend 3 
(7,516 kcal/kg) or blend 4 (7,540 kcal/kg) . In conclusion the treatments 
showing the highest AME value were the blend of 85% ASS, 10% GLY 
and 5% LEC in the first experiment and for the second experiment the 
blend 2 (80% ASS, 15% GLY and 5% LEC) . Therefore, these blends 
can be used as energy sources in broilers diets .

Key Words: metabolizable energy, combination of fat, soybean oil, 
broiler

216   Plasmatic free glycerol and triglycerides in broilers fed 
combinations of soybean oil industry by-products. Liliane Bor-
satti*1, Sergio Luiz Vieira1, Edgar Orlando Oviedo-Rondón2, Fran-
cieli Rohden1, and Henrique Cemim1, 1Universidade Federal do Rio 
Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil, 2North Caro-
lina University, Raleigh, NC.

Currently with the increasing availability of crude glycerin and co-
products of refined soybean oil in the world market, there is a trend for 
their utilization . Plasmatic free glycerol and triglycerides have been 
used as metabolic indicators of fat utilization in animals . A study was 
conducted to determine the plasmatic free glycerol and triglycerides 
in mixtures of soybean oil by-products . A total of 390 21-d-old male 
broilers were distributed in a completely randomized design in a 4 × 3 
factorial arrangement of 4 fat sources and 3 levels of their inclusion plus 
the basal diet without fat . Dietary treatments (13) with 6 replicates of 5 
broilers each were used: Blend 1 had 85% acidulated soybean soapstock 
(ASS), 10% Glycerin (GLY) and 5% Lecithin (LEC); blend 2 contained 
80% ASS, 15% GLY and 5% LEC; blend 3 had 75% ASS, 20% GLY 
and 5% LEC; and blend 4 included 70% ASS, 25% GLY, and 5% LEC . 
Each fat source was added to a common basal mash diet at 2, 4 or 6% . 
Three chickens per replication were used for blood collection using 
heparinized tubes . Free glycerol and triglyceride content were assessed 
in plasma . Differences due to treatments (P < 0 .05) were for free glycerol 
and triglyceride . Average triglyceride level of blend 1 (78 .52 mg/dL) 
was the highest when compared with all other treatments . Blend 2, 3 
and 4 had 59 .91, 66 .01 and 67 .70 mg of triglyceride/dL, respectively . 
The highest free glycerol blood content was observed with blend 1 
(14 .40 nmol/mL) . Blend 2 and 4 did not differ on free glycerol (11 .72 
and 11 .81 nmol/mL, respectively) and blend 3 had the lowest concentra-
tion (10 .95 nmol/mL) . It can be concluded that the blend 2 showed the 
lowest amount of plasmatic triglycerides . The largest amount of free 
glycerol 1 blend demonstrated that dietary glycerol was not completely 
metabolized and can be excreted by the birds generating energy losses .

Key Words: soybean fat, triglyceride, free glycerol, broiler

217   Effects of dietary apparent metabolizable energy and 
amino acid density on male Cobb MX × Cobb 500 broilers from 
15 to 32 days of age. Kathryn J . Meloche* and William A . Dozier III, 
Department of Poultry Science, Auburn University, Auburn, AL.

The cost of poultry diets is strongly influenced by specifications for 
dietary energy and amino acid (AA) density . Although Cobb MX × 
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Cobb 500 broilers represent a significant amount of the market share 
worldwide for broilers intended for a fast-food market (<2 .5 kg), their 
energy needs are not well defined. Responses to dietary energy may 
also be affected by the AA specifications of a diet. An experiment was 
conducted to evaluate 4 apparent metabolizable energy (AMEn) con-
centrations and 2 dietary AA densities in male Cobb MX × Cobb 500 
broilers from 15 to 32 d of age . One thousand six hundred broiler chicks 
were randomly distributed into 64 floor pens (25 per pen; 0.09 m2 per 
bird) . All birds received a common starter diet from placement to 14 d of 
age and were randomly assigned to 1 of 8 dietary treatments thereafter . 
Dietary treatments were provided as a 4 × 2 factorial arrangement with 
AMEn (3,000; 3,065; 3,130; and 3,195 kcal/kg) and AA density (92 
and 100% of breeder recommendations) as the main factors . Each of 
the 8 treatments was represented by 8 replicate pens . At 33 d of age, 12 
birds per pen were randomly selected for processing . No differences 
due to dietary AMEn or AA density were observed for BW gain, feed 
intake, or mortality . An AMEn × AA interaction was observed for feed 
conversion ratio (P = 0 .009) . Increases in carcass weight (P = 0 .003), 
whole breast weight (P = 0.006), fillet weight (P = 0.003), fillet yield 
(P = 0 .018), and drumstick weight (P = 0 .001) were observed for broil-
ers receiving the high AA density diet . Fat pad weight (P = 0 .01) and 
percentage (P = 0 .008) decreased in broilers receiving the high AA 
diet . In contrast, fat pad weight increased (P < 0 .001) with increasing 
dietary AMEn content . No AMEn × AA interactions were observed for 
carcass characteristics . These data indicate that increasing AA density 
may optimize performance objectives during this phase of growth, while 
growth and parts yield were unaffected by dietary AMEn .

Key Words: energy, requirement, broiler, grower, Cobb

218   Protein solubility in KOH is not correlated to poultry 
digestible lysine in full-fat soybeans. Nelson Ruiz*1 and Carl Par-
sons2, 1Nelson Ruiz Nutrition LLC, Suwanee, GA, 2University of Illi-
nois, Urbana, IL.

Evans and St . John in 1945 demonstrated that by increasing the time 
of heating SBM in an autoclave the amount of soluble protein in a 
potassium hydroxide solution at 0 .2% was decreased . This is the basis 
of the application of KOH protein solubility (KOHPS) to evaluate 
SBM quality. Parsons et al. (1991) documented that the coefficient for 
digestible lysine (DLYS) was correlated with the solubility in KOH 
using broilers as experimental animals . To the best of our knowledge 
there are no reports in the scientific literature documenting a correlation 
between DLYS and KOHPS in full-fat soybeans (FFSB) . In fact, the 
utilization of KOHPS in the routine QC of commercial FFSB seems 
to be the result of “extending” what is effective to evaluate SBM qual-
ity to FFSB quality . The objective of this presentation is to evaluate 
the correlation, if any, between KOHPS in commercial samples of 
FFSB and the in vivo poultry DLYS of the same samples determined 
by the precision-fed cecectomized rooster assay . A total of 10 FFSB 
samples derived from 10 commercial lots of FFSB and collected over 
a year period were analyzed for solubility in 0 .2% KOH in 3 different 
laboratories . Identical subsamples of the 10 FFSB samples were used 
to determine the in vivo digestible lysine coefficients in cecectomized 
roosters . Additionally, trypsin inhibitors and urease activity (pH-rise 
method) were also analyzed . KOHPS varied widely among the 3 labo-
ratories from 43 .8% to 85 .5% . However, solubility trends were kept, 
meaning that in general, a sample with low solubility in Lab 1 was also 
low in Labs 2 and 3 (and vice versa), although numerically different . In 
vivo digestible lysine coefficients varied from 81.0% to 88.8%. KOHPS 
in Lab 1 correlated negatively with digestible lysine (r-square, −0.66,) 
while the same parameter was not significantly correlated with digestible 
lysine in Labs 2 and 3 . These findings indicate that, although solubility 

in KOH is fairly well correlated with in vivo digestible lysine for SBM, 
this is not the case in FFSB . Therefore, the protein solubility in KOH 
is not a quality predictor for FFSB .

Key Words: solubility in KOH, digestible lysine, full-fat soybeans, 
soybean meal, broiler

219   Effects of dietary apparent metabolizable energy and 
amino acid density on male Cobb MX × Cobb 500 broilers from 
28 to 42 days of age. Kathryn J . Meloche* and William A . Dozier III, 
Department of Poultry Science, Auburn University, Auburn, AL.

Specifications for dietary energy and amino acid (AA) density contribute 
extensively to the overall cost of poultry diets . Cobb MX × Cobb 500 
broilers represent a significant amount of the market share worldwide 
for broilers reared to ≤3.3 kg. However, the energy needs of this broiler 
strain have not been well established . Additionally, AA density may 
affect performance and processing responses . Therefore, an experiment 
was conducted to evaluate 4 apparent metabolizable energy (AMEn) 
concentrations and 2 AA densities in male Cobb MX × Cobb 500 broilers 
from 28 to 42 d of age . One thousand six hundred broiler chicks were 
randomly distributed into 64 floor pens (25 per pen; 0.09 m2 per bird) . 
All birds received common starter and grower diets from placement to 28 
d of age and were randomly assigned to 1 of 8 dietary treatments there-
after . Dietary treatments were provided as a 4 × 2 factorial arrangement 
with AMEn (3,045; 3,110; 3,175; and 3,240 kcal/kg) and AA density 
(92 and 100% of breeder recommendations) as the main factors . Each 
of the 8 treatments was represented by 8 replicate pens . At 43 d of age, 
12 birds per pen were selected for processing . No differences (P > 0 .05) 
due to AMEn or AA density were observed for BW gain, feed intake, 
or mortality . Increasing AMEn and AA density resulted in improved (P 
= 0 .001 and P = 0 .005, respectively) feed conversion ratio . No differ-
ences (P > 0 .05) due to AMEn or AA density were observed for carcass 
weight or yield . Increases in breast weight (P = 0 .029) and yield (P = 
0 .004) were observed for broilers receiving the high AA density diet . 
Fat pad weight (P < 0 .001) and percentage increased (P < 0 .001) with 
increasing AMEn content . In contrast, AA density did not (P > 0 .05) 
affect fat pad weight or yield . No AMEn × AA interactions (P > 0 .05) 
were observed for carcass characteristics . These data indicate that male 
Cobb MX × Cobb 500 broilers respond to both AMEn and AA density, 
with more pronounced responses to AMEn observed in this experiment 
than in previous research conducted during earlier periods of growth .

Key Words: energy, requirement, broiler, Cobb

220   The use of dried soldier fly larvae (Hermetia illucens) as an 
alternative protein source in broiler diets. Tara C . Dubnyk*, Tom 
A . Scott, and Karen Schwean-Lardner, University Of Saskatchewan, 
Saskatoon, SK, Canada.

The use of dried soldier fly larvae (DSFL) for broilers was evaluated in 2 
studies . The DSFL tested was determined to contain 35 .0% crude protein 
and 33% crude fat . Study 1 compared different feed forms (mash; M) 
vs crumble/pellet; C/P)) of DSFL replacement (0, 33, 66 or 100%) for 
a blend of soybean concentrate and canola oil . Analysis was based on 
factorial design of feed form (2) and DSFL replacement level (4) in a 
CRD fashion . Broiler performance when fed 8 starter diets (S) (7 cages 
of 5 male Ross 308 broilers from 0 to 21 d) and 8 grower/finisher (G/F) 
diets (4 cages of 3 to 4 broilers from 21 to 35 d) . Excreta was collected 
at 20 and 31 d for determination of AME (kcal/kg diet) and nitrogen 
retention (NR) . There were no diet effects on livability . The BW at 21 
d was significantly affected by main effects and interactions, indicat-
ing that BW of M fed birds were lower (P < 0 .05) than C/P diets at the 
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lowest DSFL inclusions (0, 33 or 66) but not at 100%. A significant 
interaction for FI (0–21 d) was similar to BW. The FCR was significantly 
reduced with increasing inclusion levels of DSFL (0 = 33 > 66 = 100) . 
There was a significant interaction for AME and NR, but it was difficult 
to interpret . Similar observations were observed for G/F . In a second 
study the dietary preference of 4 M starter diets with 0, 33, 66 or 100% 
DSFL were compared with a M 5% fish meal (FM) starter diet. The test 
and FM diets were fed to 6 cages of 5 male Ross 308 broilers from 0 
to 20 d and weekly FI determined . The statistical design was based on 
ANOVA for 4 diet comparisons . Diets with 33, 66 or 100% DSFL were 
preferred (>60% of feed consumed) compared with the FM diet . With a 
0% DSFL diet, this preference was reduced to 40–50% compared with 
FM; with DSFL preference increasing with age . Both studies suggest 
that DSFL produced from municipal waste was an acceptable ingredi-
ent for production of broilers and is preferred to a diet containing FM .

Key Words: dried soldier fly larvae, feed form, protein, broiler, 
preference

221   Withdrawn. 

222   Influence of body weight at hatching and inclusion of oat 
hulls in the diet on growth performance and digestive tract traits of 
brown-egg laying pullets from 0 to 16 wk of age. Sara M . Rodado1, 
Beatriz Saldaña1, Pilar Guzmán1, Husham A . Mandalawi1, Raúl Rodrí-
guez2, Lourdes Cámara*1, and Gonzalo G . Mateos1, 1Departamento 
de Producción Agraria, Universidad Politécnica de Madrid, Madrid, 
Spain, 2Ibérica de Tecnología Avícola (Ibertec) S.A.U, Valladolid, 
Spain.

The influence of pre-incubated weight of eggs (EW) laid by 24 wk-old 
brown layer breeders and the inclusion (wt:wt) of 3% oat hulls (OH) in 
the diet on growth performance and gastrointestinal tract (GIT) traits 
were studied in pullets reared under stressful conditions from hatching 
to 16 wk of age . The initial BW of the pullets resulting from these eggs 
was of 29 .9 and 38 .2 g for the 2 extreme groups . The stress applied 
consisted in using a prolonged (8 h) transport time from the hatchery 
to the experimental facility, reducing barn temperature at night from 
placement to 7 d of age, and late beak trimming of the pullets (18 d) . 
Growth performance, pullet uniformity, and GIT traits were measured 
by period (0 to 5 wk, 5 to 10 wk, and 10 to 16 wk of age) and cumu-
latively . Data were analyzed as a completely randomized design with 
treatments organized as a 7 × 2 factorial, with 7 groups of pullets that 
differed on pre-hatched EW (47 to 54 g with 1 g difference between 
groups) and 2 levels of OH inclusion (0 vs . 3%) . Effects of EW on the 
variables studied were partitioned into linear and quadratic components . 
The stress conditions applied affected pullet growth, with BW at 5 wk 
of age that were as an average 27% lower than recommended by the 
genetic company (269 g vs . 367 g) . Neither initial EW nor OH inclu-
sion affected any of the variables studied . In summary, EW of young 
breeders did not affect growth performance, BW uniformity, or GIT 
traits of the resulting pullets from 0 to 16 wk of age . Eggs bigger than 
47 g laid by young breeders can produce high quality pullets . Pullets 
fed diets with 3% OH performed equally to pullets fed the control diet, 
suggesting that the amount of fiber can be increased during the rearing 
period of brown egg pullets .

Key Words: gastrointestinal tract trait, egg weight, fiber inclusion, 
pullet breeder

223   Dietary selenium supplementation of breeders influences 
growth and selenium status of progeny. Mickaël Briens*, Florian 

Couloigner, Friedrich Rouffineau, Pierre-André Geraert, and Yves 
Mercier, Adisseo France S.A.S., Antony, France.

This study aimed to evaluate the effect of selenium sources fed to breed-
ers muscle Se status and growth performances of their progeny . The 
breeders were divided into 3 groups differing by the dietary Se source 
as followed: sodium selenite (SS), selenized-yeast (SY) and hydroxy-
selenomethionine or HMSeBA (SO) . Each breeders group provided 290 
day-old chicks . At d 0, 30 chicks per group were selected to measure 
muscle Se content and the 260 remaining chicks were distributed into 13 
replicates pens of 20 chicks for 21 d . Broilers from the 3 groups received 
the same standard broilers diet to observe only the effect of breeders 
Se nutrition . On D12 and 21, growth performances were measured and 
one chick per pen was selected to measure breast muscle Se content . 
The breeders Se source had no effect on the body weight at hatch, body 
weight gain or feed intake during the entire experimental period (P > 
0 .05) . However, feed conversion ratio (FCR) of broilers issued from 
breeders fed with SO showed significantly improvement between D0 
to 12 and D0 to 21 comparatively to SS (P < 0 .05) . Muscle Se content 
of day-old broiler chicks was higher for SO group compared with other 
treatments and higher for SY group compared with SS (P < 0 .05) . At 
12 and 21 d of experiment, the muscle Se content was similar between 
each group and was decreased compared with hatch level (P < 0 .05) . 
In addition, muscle Se content of broiler at one-day-old appeared to be 
significantly related to FCR for the periods: D0 to 12 and D0 to 21 (P < 
0 .001) . These results showed the higher ability of HMSeBA compared 
with other Se source in breeders’ diet to improve chicks’ muscle Se 
content at hatch which is related to FCR improvement during 0–21 d 
period of growth .

Key Words: selenium, hydroxy-selenomethionine, broiler breeder, 
progeny

224   Feeding ingredients with variable starch digestion rate 
affect the expression of hepatic fat and glycogen metabolism genes 
in broiler breeder pullets. Aman Deep*, Andrew G . Van Kessel, and 
Henry L . Classen, University of Saskatchewan, Saskatoon, Canada.

Broiler breeders are often fed every 48 h during the rearing period to 
maintain optimum body weight . However, this practice is expected to 
promote postprandial nutrient storage and reutilization which is not 
energetically efficient and may contribute to metabolic stress. Previous 
research has demonstrated that feeding a pea- (slowly digested starch) in 
contrast to a wheat-based diet (rapidly digested starch) to broiler breeder 
pullets reduces maximum liver weight, and fat and glycogen content 
achieved over the period of 48 h post-feeding . The present study used 
liver samples from the same birds and examined the effect of pea- and 
wheat-based diets on relative abundance of genes encoding for synthe-
sis, lysis and export of hepatic fat [malic enzyme (ME), acetyl-CoA 
carboxylase (ACC), VLDL-apolipoprotein (APOVLDL) and glycogen 
(glycogen synthase (GS), glycogen phosphorylase (GP)] using quantita-
tive PCR . Ross 308 broiler breeders (384) were randomly assigned to 
24 pens and fed a common starter ration on an ad-libitum basis from 
0 to 3 wk of age . Thereafter (3–13 wk) either pea- or wheat-based diet 
was fed on an every other day basis . At 89 d of age, liver samples (4 
birds/treatment/time) were collected at 1 h before and 1, 2, 4, 8, 12, 16, 
20, 24, 26, 28, 32, 36, 40 and 44 h after feeding, snap frozen in liquid 
nitrogen and stored at −80°C for gene expression analysis. Data were 
analyzed as a factorial arrangement (2 diets, 15 times) and the level of 
significance was fixed at P ≤ 0.05 unless otherwise stated. The relative 
expressions of ME, ACC, APOVLDL, and GP were affected by time 
after feeding and reduced by feeding the pea-based diet over the period 
of 48 h . A trend for increased expression of GS (P = 0 .08) was noted in 
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pea fed birds . Interactions demonstrated that the expression of ME was 
higher for birds fed pea up to 16 h post-feeding, whereas, the expression 
of GP was primarily higher after 12 h post-feeding . Overall, feeding a 
pea-based diet results in a reduced degree of nutrient storage and re-
utilization in the feed restricted broiler breeder pullets .

Key Words: pea, wheat, glycogen, fat, slowly digested starch

225   Effect of particle size, inclusion level, and addition of a 
protease on sorghum digestibility. Albaraa H . Sarsour*1, Edgar O . 
Oviedo-Rondón1, Fabiana G . Luiggi3, Thays Quadros2, Yulieth D . 
Rodriguez-Sanchez5, and Liliane Borsatti4, 1Prestage Department of 
Poultry Science, North Carolina State University, Raleigh, NC, 2Uni-
versidade Estadual Paulista, Jaboticabal, SP, Brazil, 3Universidade 
Estadual Paulista, Botucatu, SP, Brazil, 4Universidade Federal do Rio 
Grande do Sul, Porto Alegre, RS, Brazil, 5Universidad Nacional de 
Colombia, Bogotá, Cundinamarca, Colombia.

Sorghum is used worldwide, but its digestibility and energy value could 
be enhanced by optimum grinding and protease addition . One experi-
ment was conducted to evaluate the effects of sorghum inclusion levels, 
particle size and protease on chicken energy utilization, dry matter (DM) 
and protein digestibility . Eighteen treatments were obtained from a 4 × 
2 × 2 factorial arrangement of treatments (16) with 4 inclusion levels 
of sorghum (25, 50, 75, and 100% replacement of corn), 2 particle sizes 
(400 or 800µm) and protease (0 or 500 g/ton for 600,000 U/g), as main 

factors, plus 2 control treatments with 100% corn as grain source at 800 
µm with and without protease . A total of 720 Ross 308 day-old male 
chicks were placed in 144 Petersime battery cages with 5 chicks per 
cage . Excreta collection was conducted at 19 and 20 d of age to calcu-
late AMEn and digestibilities . Data were analyzed as a RCBD with a 4 
× 2 × 2 factorial arrangement of treatments with effects nested within 
sorghum inclusion with 8 replicates per treatment . Three-way interaction 
effects (P < 0.05) on DM digestibility, AME, AMEn and coefficient of 
AMEn were observed . Broilers fed diets with a 50% inclusion level, 
800µm particle size and the addition of protease had the best AME and 
AMEn . Broilers fed diets with 25% sorghum at 400µm had the best DM 
digestibility . This was only different from those fed higher sorghum 
inclusion levels ground at 400µm without enzyme, and 75% inclusion 
at 800µm and 100% sorghum at 400µm with enzyme . There were 2-way 
interaction effects (P < 0 .001) of sorghum inclusion and particle size on 
protein digestibility and coefficient of AME. Feeding broilers 800µm 
sorghum at 50 and 100% inclusion increased protein digestibility and 
AME similar to values observed in chickens fed corn diets, while the 
finer particle size decreased these values. The protease improved (P 
< 0.05) DM digestibility and coefficients of AME and AMEn for all 
diets . In conclusion, the optimum inclusion level of sorghum was up 
to 50%, and coarse grinding while adding a protease improved energy 
utilization and digestibility .

Key Words: sorghum, digestibility, protease, AME
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226   Demonstrating nutritional wisdom for balanced protein in 
laying hens. C . Raginski*, D . Kumar, H . L . Classen, and K . Schwean-
Lardner, University of Saskatchewan, Saskatoon, SK, Canada.

Avian species have demonstrated nutrient specific appetites, which 
allow the selection of a balance of feedstuffs for optimal growth, 
reproduction and body maintenance . The objective of the current 
research was to determine if laying hens have the ability to select for 
balanced protein level . Lohmann LSL lite hens (144) were housed 
in conventional cages (6 hens per cage, 2 cages per replicate, and 12 
replicates per comparison) . Two equal sized feeders allowed hens to 
choose between diets providing higher and lower amounts of protein 
with essential amino acids balanced to digestible lysine (dLys) content 
over a 40-wk period (27 to 66 wk of age) . The comparisons were 850 
vs . 700, 850 vs . 550, and 700 vs . 550 mg dLys intake per hen per d . Data 
were analyzed with SAS, Proc Mixed and Tukey’s means separation . 
Significance was declared at P < 0 .05 . Total feed intake per hen per d 
and proportional diet consumption (bracketed values) were 107 .9B (50% 
850, 50% 700), 110 .1A (55% 850, 45% 550), and 106 .5C g (54% 700, 
46% 550) . A shift in diet selection was observed beginning at 4 weeks 
into the trial, and continued throughout . Based on proportional diet 
intake, the corresponding dLys intake averaged 789A, 753B, and 665C 
mg per hen per d . The lack of diet preference in the 850/700 comparison 
is expected because these diets either exceed or are close to the hen’s 
dLys requirement . The apparent avoidance of the diet providing 550 
mg dLys per hen per d in the other 2 comparisons suggests that hens 
can select for balanced protein levels . The nutritional strategy hens take 
when selecting protein could include reproduction (no comparison egg 
production differences), egg quality (weight in g – 850/700 - 60 .6gA, 
850 vs . 550 - 60 .4A, and 700/550 - 57 .79B) or body maintenance (no 
comparison differences) . These data indicate that hens have the ability 
to select for balanced dietary protein, but the rationale for the selected 
intake level remains unclear .

Key Words: amino acid, appetite, choice, feed intake

227   Strain and feed form effects on male broiler behavior, wel-
fare, and growth performance from day 28 to 50. A . F . Liu1,2, M . 
M . Beck1, K . G . S . Wamsley1, B . Sellers1, X . Wang1, X . Wen*1, and W . 
Zhai1, 1Mississippi State University, Mississippi State, MS, 2Southwest 
University, Chongqing, China.

The objective of the current study was to determine the effects of feed 
form (FF; 50 or 80% intact pellets) on 2 modern commercial broiler 
strains (A or B) on their behavior, welfare, and growth performance . 
Male broilers were fed common diets from d 0 to 28 . On d 28, chicks 
of each strain were randomly distributed into 4 floor pens (2 strains 
× 2 FF factorial arrangement) in each of 6 blocks (6 replicates) after 
equalizing BW . Three chicks were randomly selected to be monitored 
from d 29 to 48 from each pen . An ANOVA was used to determine the 
significance of responses to strain, FF, bird age, time observation, and 
their interactions . Partial correlation analyses were conducted among 
behavior, welfare, and growth performance . Even though strain A 
spent less time resting and more time walking than strain B (P = 0 .017, 
0 .007), it grew faster from d 29 to 48, and reached heavier BW on d 49 
and carcass weight on d 50 (P = 0 .046, 0 .007, 0 .001) . Foot pad lesion, 
chest and abdominal feather denudation were higher in strain A than 
B (P = 0 .043, < 0 .0001, < 0 .0001) . Improved FF decreased preening 
time and increased resting time (P = 0 .038, 0 .010) . Improved FF did not 
affect eating time of strain B, but decreased eating time of strain A (P < 

0 .0001) . Improved FF increased breast weight/BW (P = 0 .050) in both 
strains . Moreover, foot pad lesion and hock burn was associated with 
d 29 to 48 BW gain rate (P = 0 .003) . Hock burn was associated with 
heavier carcass and leg weights on d 50 (P = 0 .030, 0 .008) . Abdominal 
feather damage was associated with heavier carcass, breast, tender, and 
leg weights on d 50 (P = 0 .042, 0 .045, 0 .049, 0 .023) . In addition, shorter 
walking time was associated with higher breast and tender weights/
BW (P = 0 .011, 0 .006) and carcass weights (P = 0 .013, 0 .010) . Leg 
weight was associated with longer drinking and preening time (P = 
0 .052, 0 .050) and shorter resting time (P = 0 .014) . In conclusion, FF 
affects broiler performance, regardless of strain; however, behavior and 
welfare traits were more notable for strains, rather than differences in 
FF . Also, these data demonstrate that behavior and welfare are associ-
ated with carcass traits .

Key Words: behavior, broiler, carcass trait, feed form, welfare

228   Effects of cooled perch access during chronic heat stress on 
the behavior of White Leghorn hens. Maja M . Makagon*1, Victo-
ria A . Cussen1, Richard S . Gates2, Patricia Y . Hester1, and Heng-Wei 
Cheng3, 1Department of Animal Sciences, Purdue University, West 
Lafayette IN, 2Agricultural and Biological Engineering Department, 
University of Illinois, Urbana, IL, 3Livestock Behavior Research Unit, 
USDA-ARS, West Lafayette IN.

Providing hens with access to cooled perches (CP) may offset the 
adverse effects of chronic heat stress on laying hen welfare and pro-
ductivity . We evaluated whether access to CP during chronic heat 
stress affected perch use and the performance of thermoregulatory 
behaviors by hens . White Leghorn hens were randomly assigned to 
6 banks each composed of 3 tiers of 2 cages . All cages within a bank 
were of a single design: furnished with 2 round metal perches filled 
with circulating chilled water (CP), 2 air filled perches of the same 
design (AP) or no perches (NP) . The perches spanned the length of 
a tier, therefore cage nested in tier served as the experimental unit (6 
replicates/treatment) . Hens were subjected to heat stress from 21 to 35 
wk of age . Room temperatures were set to 35°C for 12 h per day (0600 
to 1800 h) before the room was allowed to cool to approximately 28°C . 
The average proportion of hens perching, panting and wing spreading 
was determined via live observations conducted 1 d every other week 
at 0800–0900 h, 1500–1600 h, and 2300–2400 h . Data were analyzed 
separately for each time point using a generalized linear mixed model 
with a logit link in R (LME4 package) . Perch use was higher in CP 
versus AP cages (all P < 0 .001) at all time points . Fewer CP hens (all P 
< 0 .001) panted than AP or NP birds at all time points . Wing spreading 
was performed by fewer CP hens than AP hens in the morning, and by 
fewer CP than NP hens at all time points (all P < 0 .001) . No differences 
were detected in the behaviors of AP versus NP hens . Day effects, when 
observed, seemed to be driven by differences in temperature profiles 
on individual observation days . Overall, across weeks NP and AP hens 
began panting at lower temperatures, with an average of 50% of hens 
panting at 32°C but an average of 21 .8% CP hens panting at peak tem-
perature (~35°C) . In conclusion, access to CP increased perch use while 
reducing the proportion of hens observed performing thermoregulatory 
behavior throughout the 14 weeks of chronic heat stress exposure . CP 
systems show promise for reducing deleterious effect of heat stress on 
cage-housed hens .

Key Words: cooled perch, behavior, animal welfare, heat stress, laying 
hen
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229   Feather pecking behavior of turkeys. Marisa A . Erasmus* 
and Janice C . Swanson, Michigan State University, East Lansing, MI.

Feather pecking (FP) of commercial turkeys is an economic and welfare 
concern, but there has been scant research examining genetic differences 
in FP and the behavior of turkeys that are recipients of FP . The objectives 
of this study were to 1) examine FP behavior in male and female turkeys 
of a commercial (COMM) and randombred (RB) line, and 2) examine 
behavior of recipients of FP . Turkeys of each line and sex were housed 
separately in groups of 14–16 in 16 pens to which they were randomly 
assigned (n = 4 pens) . Behavior was recorded over 2 consecutive days 
at 10–11 and 11–12 wk . Scan samples of video were conducted at 10 
min intervals to determine the number of FP interactions and recipient’s 
behavior (feed, sit, stand, preen, dustbathe, other) . Feather damage (neck, 
tail, left and right wings) was scored at 13 wk . Results were analyzed 
using the GLIMMIX (FP interactions and feather scores) and MIXED 
(recipient behavior) procedures (SAS 9 .4) . The lsmean (±SE) number 
of FP interactions per bird per day was higher for females (1 .1 ± 0 .1) 
vs . males (0 .8 ± 0 .1, P = 0 .04) but did not differ between genetic lines . 
Feather damage to the neck (COMM: 0.3 ± 0.2, RB: −1.1 ± 0.2, P < 
0 .001) and tail (COMM: 0 .7 ± 0 .1, RB: 0 .4 ± 0 .1, P < 0 .01) was greater 
for COMM vs . RB birds . Most FP interactions occurred when recipi-
ents were sitting (49 .9%), followed by preening (16 .8%) and feeding 
(13 .1%) . Females directed more FP toward recipients that were feed-
ing vs . males (22 .7 vs . 3 .5%, SEM = 2 .6, P = 0 .0002), whereas males 
directed more FP toward recipients that were sitting (59 .1 vs . 40 .7%, 
SEM = 3 .5, P = 0 .003) . Randombred turkeys directed more FP toward 
recipients that were dustbathing vs . COMM turkeys (16 .6 vs . 0 .5%, 
SEM = 2 .9, P = 0 .002) . Results indicated that inactive turkeys were 
more likely to receive feather pecks . Furthermore, males and females 
and genetic lines differed in how much FP was directed toward turkeys 
performing particular behaviors . Although genetic lines did not differ in 
the number of FP interactions, there were differences in feather damage . 
Further work is needed to examine the genetic basis of FP of turkeys 
and individual differences in the development of FP behavior .

Key Words: turkey, feather pecking, recipient, genetic line

230   Individual consistency of feather pecking behavior in laying 
hens. Courtney L . Daigle*1, T . Bas Rodenburg2, J . Elizabeth Bolhuis2, 
Janice C . Swanson1, and Janice M . Siegford1, 1Michigan State Uni-
versity, East Lansing, MI, 2Wageningen University, Wageningen, the 
Netherlands.

Pecking behavior (severe feather (SFP), gentle feather (GFP), and 
aggressive (AP) pecks) of individual White Shaver non-cage laying 
hens (n = 300) was examined at 21, 24, 27, 32, and 37 wk . Hens were 
housed in 30 groups of 10 hens each and on 3cm litter with access to a 
feeder, perch, and 2 nest boxes . The number of SFP given and received 
was used to categorize hens as feather peckers (P), victims (V), neutrals 
(N), or feather pecker victims (PV) at each age . Hens categorized as 
PV exhibited pecking behaviors similar to P and received pecks similar 
to V . Severe feather pecks given were increasingly correlated with AP 
given . State transition plot maps illustrated that 22 .5% of P remained P, 
and 44% of PV remained PV. Lifetime behavioral categories identified 
hens as a consistent feather pecker (CP; 5%), consistent neutral (CN; 
3 .9%), consistent victim (CV; 7 .9%), consistent feather pecker-victim 
(CPV; 29 .4%), or inconsistent (I; 53 .8%) in their lifelong behavioral 
patterns . More SFP were performed by CPV than other categories, and 
CN received fewer GFP than CPV . Population level patterns of feather 
pecking behavior paralleled satiation addictive behaviors in humans, 
such as cigarette smoking . Some hens were more predisposed to per-
form feather pecking than others; approximately half of the population 

was classified as P at least once during the study; the remainder was 
never categorized as a P . Even if feather-pecking ontogeny may be 
multi-factorial, once the behavior has been developed, some hens may 
persist in feather pecking . As some hens were observed to never receive 
or perform severe feather pecks, emphasis should be made to select for 
these hens in future breeding practices .

Key Words: feather pecking, laying hen, addiction, behavioral con-
sistency, neutral

231   Withdrawn. 

232   Withdrawn. 

233   Quantitative approaches to analyzing video and audio data 
for performing behavior assessments in confined rearing environ-
ments. Carla Aranibar*2, Wayne Daley1, Nathan Daley1, Colin Usher1, 
Bruce Webster2, and Jeanna Wilson2, 1Georgia Institute of Technology, 
Atlanta, GA, 2University of Georgia, Athens, GA.

Rearing animals in confined environments raises concerns for their 
wellbeing . There is a dearth of tools for quantitative evaluations of ani-
mals in these environments . Broiler breeder pullets are commonly feed 
restricted using some variation of skip-a-day (SAD) feeding . Alternate 
approaches such as alternate day feeding (ALT) have been proposed to 
address animal welfare concerns . Video and audio offers an approach 
for doing assessments under these conditions but requires the process-
ing large amounts of data and the extraction of suitable features . In this 
experiment, we looked at the possibility of extending tools developed to 
characterize motion from HD video recordings along with bird vocaliza-
tions from audio recordings used to evaluate autonomous vehicle and 
animal interactions in confined housing environments. The main goal 
of the effort was to assess the potential for using a gross motion’ and 
‘distance traveled’ metric along with ‘transient’ audio features to describe 
the behavior of breeder pullets under the 2 different feeding methods: a 
traditional SAD feeding program vs . the ALT program where the pullets 
were offered soybean hulls on the off day . Birds were monitored via 
HD video cameras from 1 h before and until 1 h after the photoperiod 
began and ended, respectively, each day . Audio data were collected 
periodically using a phone App . Behavioral analysis using the gross 
motion tool and the distance traveled tool indicated that the SAD fed 
pullets were more active than the ALT fed pullets around the feeder on 
the ON feed days and less active on the OFF feed days at levels that 
were statistically significant. In a similar vein, counting data transients 
at frequencies centered on 1500 Hz the SAD and ADT birds had similar 
counts on the on-feed days and differing counts on the off-feed days at 
levels that were also statistically significant. Our conclusions are that 
the behavioral analysis tools tested potentially provide a unique and 
meaningful technique for comparing behavior of flocks under differ-
ent methods of management using quantitative measures derived from 
audio and video data .

Key Words: pullet, analysis, video, audio, wellbeing

234   The relationship between keel bone fractures and egg pro-
duction for laying hens within large groups. Michael J . Toscano*, 
University of Bern, Bern, Switzerland.

Keel bone fractures are a problem in laying hens and likely to worsen as 
producers move away from traditional battery cages toward alternative 
systems . In addition to the welfare concern associated with gross skeletal 
damage, it is likely that keel fracture will result in production losses 
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through a redistribution of resources that directs essential minerals and 
energy toward the fracture site to aid the healing process and away from 
egg production . Although limited information exists suggesting produc-
tion detriment of keel fracture for individually housed birds, researchers 
have been unable to demonstrate this effect at the flock level, likely due 
to the high inter-flock variation. The current study sought to assess the 
relationship between keel fracture and egg production within individual 
hens that were maintained in large groups . Our study employed a fat-
soluble dye contained within capsules that were given to 7 groups of 
15 focal (brown) hens maintained within a larger group of 360 (white) 
hens /focal group . The dye, absorbed by the developing oocyte, serves 
to color the egg yolks in a manner that allowed identification of the 
source hen once the egg is collected . At 36 and 38 wk of age, focal 
hens were collected, palpated for fractures, and given 1 of 3 dye colors 
depending on whether the hen manifested no fracture, a minor fracture, 
or a severe fracture . All eggs were collected from focal hens for 6 d 
after dye administration, their fracture status assessed, and the relative 
production within the fracture classification expressed as a percentage 
of the expected egg (i .e ., 1 egg/hen/d) . All eggs from 2 of the collection 
days also underwent biomechanical testing and shell width measurement . 
Our results suggest that hens with keel fractures produced weaker eggs 
with thinner shells . Of much greater concern, hens with severe factures 
produced 0 .12 eggs/d, which suggests that fracture is having a severe 
effect on egg production . Future work is needed to determine whether 
the identified correlations are causative in nature, and if so, the period 
required for recovery .

Key Words: keel, fracture, welfare, hen, production

235   Effects of space allowance and cage size on feeding behav-
ior of laying hens in large furnished cages. Tina M . Widowski*, 
Linda J . Caston, Teresa M . Casey-Trott, and Michelle E . Hunniford, 
Department of Animal and Poultry Science, University of Guelph, 
Guelph, ON, Canada.

Standards for feeder space for caged laying hens are based primarily 
on studies in conventional cages where hens eat synchronously, which 
limits feeding space . Large furnished cages (FC) offer more total space 
and opportunities to perform a greater variety of behaviors, which may 
affect feeding behavior and feeder space requirements . Our objective was 
to determine the effects of floor/feeder space allowance (SA) on feeder 
use in 2 sizes of FC . LSL-Lite hens were housed in 24 cages furnished 
with nest, perches, and scratch mat . Cages were stocked at either 520 cm2 
(Low) or 748 cm2 (High) total floor SA resulting in groups of 40 vs 28 
birds in the small (SFC) and 80 vs 55 in the large (LFC) . Linear feeder 
space/hen was 8 .9 (Low) or 12 .8 (High) cm . Chain feeders ran at 0500, 
0800, 1100, 1400, and 1700 h with lights on at 0500 and off at 1900 h . 
Feeding behavior was observed on 2 separate d between 49 and 51 wks . 
Digital recordings of cages were scanned at the start of feeding and then 
every 15 min during the H following (5 scans × 5 feeding times × 2 d) . 
A blinded observer counted the number of birds with their head in the 
feed trough . Mixed model repeated analyses were used to test effects of 
SA, cage size and time on the mean and max numbers of hens and on % 
hens in the group feeding . As expected, both SA and cage size affected 

overall mean and max numbers of birds at the feeder, with more birds 
observed feeding in the larger (mean: LFC 14 .7 ± 0 .0 .71; SFC 7 .86 ± 
0 .37; P < 0 .001; max: LFC 22 .0 ± 0 .78; SFC 12 .3 ± 0 .44; P < 0 .001) and 
more crowded cages (mean: Low 13 .6 ± 0 .0 .82; High 9 .3 ± 0 .53; P < 
0 .001; max: Low 20 .0 ± 1 .0; High 14 .8 ± 0 .71; P < 0 .001) . Surprisingly, 
% of birds in each group feeding simultaneously was the same in both 
cage sizes (P = 0 .44) and SA (P = 0 .62), averaging only about 23 .5% 
(LFC 23 .0 ± 0 .0 .91%; SFC 24 .0 ± 0 .98%; Low 23 .8 ± 0 .92%; High 
23 .3 ± 0 .96) . The max number ever observed at the feeder was 37 birds 
in an 80-bird group . Time of day affected feeding behavior with more 
birds observed eating at 1700 h (35 .3 ± 0 .08%) than at any other time 
of d 20 .6% (P < 0 .001) . Feeder space was not limited at the Low SA .

Key Words: laying hen, furnished cage, feeder space, behavior

236   The effect of trimming the comb and wattles of White Leg-
horns on production traits before, during, and after a heating epi-
sode. Patricia Hester*1, Diya Al-Ramamneh2, and Heng-Wei Cheng3, 
1Purdue University, West Lafayette, IN, 2Jerash Private University, 
Jerash, Jordan, 3USDA-Agricultural Research Service, West Lafay-
ette, IN.

About 19 million pullets in the United States are subjected to a partial 
trim of the comb each year to improve feed efficiency and egg laying. 
However, the comb and wattles may play an essential role in thermo-
regulation . For example, during high environmental temperatures, the 
superficial vessels of the comb and wattle vasodilate so that body heat 
is released to the environment from the blood through conductive cool-
ing . The objective of this study was to determine the effect of a partial 
comb and wattle trim on production traits of White Leghorn hens before, 
during, and after an imposed heating episode . Using surgical scissors, 
pullets were subjected to a partial trim of the comb and wattles at 21 d 
of age with an additional treatment group serving as intact controls . At 
189 to 191 d (27 wk) of age, hens were exposed to a heating episode 
of 34 .6°C for 50 .5 h . The number of eggs laid (from 22 .6 to 36 .1 wk of 
age) and mortality were recorded daily . Egg weight and shell traits were 
determined at 23, 28, and 33 wk of age . The amount of feed hens used 
during 7 d was determined on a per cage basis at 25, 30, and 35 wk of 
age . Mortality was analyzed by Chi-squared, while an ANOVA was used 
on remaining traits . Mortality only occurred during the heating episode . 
Trimmed hens were more likely to experience mortality due to the heat-
ing episode than controls (P = 0 .0009) . The heating episode caused a 
decrease in hen-day egg production for both treatments to 74 .0 ± 1 .8% 
from a peak of 93 .5 ± 1 .9% (P < 0 .0001) . Hen-day egg production, feed 
efficiency, shell weight, % shell, and shell thickness were unaffected by 
the trimming treatment . Egg weight (mean of 53 .9 and 55 .1, respectively, 
SEM = 0 .4, P = 0 .02) was reduced and less feed was used (P = 0 .001) 
in trimmed hens as compared with controls . In conclusion, hens with 
trimmed comb and wattles were not able to thermoregulate as effectively 
as controls during a heating episode as indicated by increased mortality, 
and production traits during the summer months were not improved by 
trimming the comb and wattles .

Key Words: comb trim, wattle trim, heat stress, feed efficiency, egg 
production



Poult . Sci . 94 (E-Suppl . 1)82

Immunology, Health, and Disease: Immunology II

237   Effect of particle size and feed presentation on gastrointes-
tinal morphology in infected broilers with C. jejuni. Oscar Casa-
buena1, Véronique Elgosi2, Mark L . den Hartog3, Marta I . Gracia1, and 
Pedro Medel*1, 1Imasde Agroalimentaria, S.L., Madrid, Spain, 2FIA, 
Paris, France, 3NEPLUVI, Houten, the Netherlands.

An experiment was conducted within the EU-FP7 project CAMPYBRO 
for evaluating the effect of particle size (PS) of wheat (W) and feed 
presentation (FP) on gastrointestinal morphology in broilers in orally 
infected birds with C. jejuni . There were 4 treatments factorially arranged 
with 2 W screen sizes (Ø2 vs . 5mm) and 2 FP (mash [M] vs . pellets [P]) . 
A total of 144 one-day-old Ross 308 broilers were divided into cages 
(3 birds/cage) and experimental treatments (12 cages/treatment) . At 14 
d, all broilers were orally gavaged with 100 µL of a solution containing 
1 × 105 cfu/mL of ST-45 C. jejuni strain . At 35 and 42 d, performance 
parameters, weight of GIT, empty BW (EBW), proventriculus (PRO) and 
gizzard (GIZ), and pH at PRO and GIZ were taken . Data were analyzed 
by GLM procedure of SPSS . Birds fed P diets were heavier during the 
whole period (728 vs . 848, 1557 vs . 2112 and 2162 vs . 2770g for M 
and P diets at 21, 35, and 42 d, respectively; P < 0 .001) . These higher 
weights were due to a higher feed intake and growth in birds fed P diets 
(P < 0 .01) . P decreased the GIT weight expressed as % of BW (8 .27 vs . 
7 .74% for M and P diets, respectively; P < 0 .05) . P increased PRO weight 
(8 .7 vs . 10 .1 g for M and P diets, respectively; P < 0 .05) but decreased its 
relative importance to EBW (0 .44 vs . 0 .40% for M and P diets, respec-
tively; P < 0 .05) . Also, P decreased the relative importance of the GIZ 
expressed as weight (50 .7 vs . 40 .4 g for M and P diets, respectively; P 
< 0 .05) or as % of GIT, BW or EBW (P < 0 .05) . On the other hand, PS 
increased the GIZ as weight (41 .7 vs . 49 .4g for Ø2 or 5mm, respectively; 
P < 0 .05) or as % of GIT, BW or EBW (P < 0.066). P of fine size diets 
decreased the ceca weight and the opposite was observed for 5-mm diets 
(1 .17, 1 .08, 1 .08 and 1 .23 g for Ø2 M, Ø2 pellet, Ø5 M and Ø5 pellet, 
respectively; P = 0 .048) . The same interaction was found for the empty 
GIZ weight (P = 0 .047) . P increased the pH at PRO (3 .87 vs . 4 .29 for 
M and P diets, respectively; P < 0 .05) and GIZ (3 .53 vs 4 .13 for M and 
P diets, respectively; P < 0 .05) . It is concluded that feed presentation 
affected performance and GIT morphology much more than particle size .

Key Words: Campylobacter jejuni, pelleting, particle size, broiler, 
gastrointestinal tract

238   Effect of feed presentation and whole wheat addition on 
gastrointestinal morphology in orally infected broilers with C. 
jejuni. Carlos Millán1, Ángel Martín2, Györgyi Molnár3, Jaime Sán-
chez1, and Pedro Medel*1, 1Imasde Agroalimentaria, S.L., Madrid, 
Spain, 2Propollo, Madrid, Spain, 3BTT, Budapest, Hungary.

An experiment was conducted within the EU-FP7 project CAMPYBRO 
for evaluating the effect of feed presentation (FP) and whole wheat (WW) 
addition on gastrointestinal (GIT) morphology in orally infected birds with 
C. jejuni . There were 6 treatments factorially arranged with 2 FP (Mash 
[M] vs Pellets [P]), and 3 levels of WW from 0 to 21/21–42d: 0/0, 7 .5/15%, 
15/30% . A total of 216 one-day-old Ross 308 broilers were divided into 
cages (3 birds/cage) and experimental treatments (12 cages/treatment) . At 
14 d, all broilers were orally gavaged with 100 µL of a solution contain-
ing 1 × 105 cfu/mL of ST-45 C. jejuni strain . At 35 and 42d, performance 
parameters and weight of GIT, empty BW (EBW), proventriculus (PRO), 
gizzard (GIZ), and pH at PRO and GIZ were taken . Data were analyzed 
by GLM procedure of SPSS . Birds fed P diets were heavier and presented 
better feed conversion for the whole trial (2123 vs 2770g at 42d and 1 .93 

vs 1 .68g/g for M and P diets, respectively; P < 0 .001) . WW addition did 
not modify BW of birds at any dosage . The higher BW of birds fed P were 
due to a higher feed intake (P < 0 .05) . P decreased the GIT relative to BW 
(8 .47 vs . 7 .78% for M and P diets, respectively; P < 0 .05) . P increased 
PRO weight (8 .0 vs . 12 .2g for M and P diets, respectively; P < 0 .05) and 
as GIT % (P < 0 .05) . Also, P decreased the relative importance of GIZ 
as %GIT, BW or EBW (P < 0 .05) . M diets showed lower pH values at 
the GIZ (3 .04 vs . 3 .52 for M and P diets, respectively; P < 0 .05) . WW 
inclusion decreased the PRO weight (13 .3, 8 .8 and 8 .8 for 0/0, 7 .5/15 
and 15/30%ww, respectively; P < 0 .05), and relative to GIT and BW 
(P < 0 .05) . On the contrary, WW inclusion increased GIZ weight (41 .7, 
58 .2 and 53 .9 for 0/0, 7 .5/15 and 15/30%ww, respectively; P < 0 .05) and 
relative to GIT, BW or EBW (P < 0 .05) . Also, WW inclusion reduced pH 
at GIZ and % of fresh digesta in the PRO (3 .48, 3 .07 and 3 .29, and 26 .1, 
8 .0 and 12 .2% for 0/0, 7 .5/15 and 15/30%ww, respectively; P < 0 .05) . 
WW inclusion decreased PRO size in P but not in M diets (P < 0 .05) . It 
is concluded that P improved performance and affected GIT morphology, 
and WW addition did not impair productivity .

Key Words: pellets, whole wheat, Campylobacter jejuni, broilers

239   Effects of feeding XPC to broilers challenged with infec-
tious laryngotracheitis virus (ILTV) following different vaccina-
tion methods. Donald R . McIntyre*1, John K . Rosenberger2, Milos 
Markis2, and Jonathan N . Broomhead1, 1Diamond V, Cedar Rapids, IA, 
2AviServe LLC, Newark, DE.

A study was designed to compare the effects of feeding XPC (1 .25 kg/mt) 
to Cobb broiler chicks challenged with infectious laryngotracheitis virus 
(ILTV) at 29 d of age . Fertile hatching eggs (n = 250) were sourced from 
a commercial hatchery and assigned to 1 of 4 groups: 1) Control with 
no ILTV vaccination; 2) embryos vaccinated in ovo at 18 d of incuba-
tion with a full dose of rHVT ILTV + SB-1 using Vectormune HVT LT 
(CEVA); 3) chicks given ocular vaccine at 14 d of age using LT-IVAX* 
(Merck) and 4) chicks vaccinated by oral gavage at 14 d with Laryngo-
Vac CEO (Zoetis) . Splitting each group with and without the addition of 
feed XPC (Diamond V) resulted in 8 treatments (n = 27 chicks/trt .), with 
each tagged bird representing an experimental unit . Chicks were reared to 
29 d according to assigned treatments, and then each bird was challenged 
intratracheally with 103 .5 EID50 dose of pathogenic ILTV (USDA) . Five 
and 10 d post-ILTV challenge, tracheal swabs were collected from each 
bird and ILTV re-isolations completed by means of inoculation of 9 d to 
11 d SPF embryos via the chorioallantoic route (3 embryos per swab) . 
If virus was re-isolated, the source bird was considered susceptible to 
challenge . Combining results for 5 d and 10 d post-challenge showed that 
recombinant vaccine given in ovo achieved 70% protection; when XPC 
was added to the feed, 86% of birds were protected . Ocular vaccination 
with LT-Ivax protected 67% of birds; adding XPC in the feed increased 
protection to 85% . Birds gavaged with CEO vaccine showed similar 
protection with and without XPC (92 and 93%, respectively) . Control 
groups challenged without vaccination indicated that 61% of control 
birds were susceptible to challenge; incidence was 45% in birds fed XPC .

Key Words: laryngotracheitis, vaccine, broiler, XPC

240   Influence of garlic (Allium sativum) feed-inclusion on 
hemoprotozoan infections and cellular immunity in turkey poults. 
Omolade A . Oladele*, Oluwaseun O . Esan, Olasupo Olasemi, and 
Oluwatosin S . Oyebode, Department of Veterinary Medicine, Univer-
sity of Ibadan, Ibadan, Oyo State, Nigeria.
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Suboptimal performance due to diseases is a major attribute of poultry 
production in the tropics . In lieu of the use of antibiotic as growth 
promoters, garlic (Allium sativum), with its reported antibiotic and 
immunomodulatory properties, was considered a sustainable alternative . 
Its effect on natural hemoprotozoan infection and cellular immunity of 
turkey was studied . One hundred 1-d-old poults were divided into groups 
A and B of 50 each, reared in open-sided cages and fed ad libitum with 
Group A, having 0 .125% garlic meal feed-inclusion . Each group was 
subdivided into 2 (A1, A2; B1, B2) as replicates . Five poults/replicate 
were bled at 2, 4, 6 and 8 weeks-old and screened for hemoprotozoans . 
Levels of parasitemia and severity of infections were determined . At 
8 wk old Staphylococcus aureus antigen in polyethylene glycol-PEG 
(0 .1 mL; 0 .75% antigen) was administered to subgroups A1 and B1 
subcutaneously while 0 .1 mL PEG was administered to subgroups A2 
and B2 and repeated at 9 week-old . At 10 week-old, all poults were 
challenged with 0 .75% S. aureus antigen in PBS (0 .1 mL) subdermally 
into right footpads and PBS only into left footpads . Footpad thickness 
was measured up till 72 h post-challenge (pc), delayed footpad reac-
tion (DFR) in each poult at each sampling time and mean DFR/group 
were calculated . Comparison of means was via ANOVA and DMRT at 
P < 0 .05 . Severity of infection was cumulatively scored 3 and 63 for 
Plasmodium gallinaceum, 0 and 6 for P. juxtanucleare, 1 and 5 for P. 
relictum, and 84 and 87 for Hemoproteus columbae in Groups A and B, 
respectively . At 24, 48, and 72 h pc, mean DFR for subgroup A1 were 
significantly higher than for other subgroups. While DFR increased to 
3 .47 ± 0 .27 mm by 72 h pc in subgroup A1, subgroup B1 peaked (2 .26 
± 0 .19 mm) at 48 h pc . This study shows that garlic feed-inclusion 
substantially reduced severity of natural Plasmodium species infections 
and possibly enhances cellular immunity as evidenced by the observed 
prolongation of DTH. The apparent efficacy indicates that this could 
be beneficial for the control of some disease etiologies.

Key Words: cellular immunity, garlic, Plasmodium species, turkey 
poults

241   Susceptibility of broiler chickens to coccidiosis when 
fed subclinical doses of deoxynivalenol and fumonisins: Special 
emphasis on the immunological response and the mycotoxin inter-
action. Bertrand Grenier*1,2, Ilse Dohnal2, Revathi Shanmugasun-
daram3, Susan D . Eicher4, Ramesh K . Selvaraj3, Gerd Schatzmayr2, 
and Todd J . Applegate1, 1Department of Animal Sciences, Purdue 
University, West Lafayette, IN, 2Biomin Research Center, Tulln, Aus-
tria, 3Department of Animal Sciences, Ohio Agricultural Research 
and Development Center, Wooster, OH, 4Livestock Behavior Research 
Unit, Agricultural Research Service, USDA, West Lafayette, IN.

This study reports the interaction in the intestinal tract of chickens of 2 
mycotoxins, deoxynivalenol (DON) and fumonisins (FB) with Eimeria 
spp ., responsible for coccidiosis . Male broilers were assigned to 4 diets 
(12 pens/diet, 7 birds/pen), from hatch to 20 d, containing no mycotoxins, 
1 .5 mg DON/kg, 20 mg FB/kg, or both toxins . At 14 d, 6 pens of birds 
per diet were challenged with a 25×-recommended dose of coccidial 
vaccine, and samples were collected 6 d later . The lesions observed in the 
intestinal tract of challenged birds fed mycotoxins were more frequent 
than in challenged birds on control feed . Higher numbers of oocysts 
were also found in the mucosa and the feces of challenged birds fed 
mycotoxins (+164% and +45% respectively, P < 0 .05) . Combination of 
DON and FB reduced the apparent nitrogen digestibility in challenged 
birds (−14%, P < 0 .05) . Upregulation of cytokines following coccidial 
infection was higher in the jejunum of birds fed mycotoxins (IL-1β, 
IL-6, IL-8, and IL-10 – 1 .6 to 3 .7 fold higher, P < 0 .05) . Further work 
done revealed that this higher intestinal immune response might be 
associated with the higher percentage of lymphocytes T CD4+CD25+, 

also called Tregs, observed in the cecal tonsils of challenged birds fed 
mycotoxins (+67%, P < 0 .05) . Recruitment of more Tregs would help 
birds to control the inflammatory response. Interestingly, the increase of 
the biomarker of FB exposure (sphinganine/sphingosine ratio in serum 
and liver) suggested a higher absorption of FB in challenged birds . 
To determine the type of interaction between DON and FB, a 2-way 
factorial ANOVA was applied with significant interactions considered 
as antagonistic or synergistic effects, and no interaction as additive . All 
3 types of interactions were seen, thus emphasizing the importance of 
endpoints when studying interactions . In conclusion, subclinical doses 
of DON and FB showed little effects in unchallenged chickens, but seem 
to pose a serious risk in the presence of intestinal pathogens .

Key Words: mycotoxin, coccidiosis, challenge, interaction, intestinal 
immune response

242   Effect of dietary vanadium and vitamin C on egg quality 
and antioxidant status in laying hens. J . P . Wang*, K . R . He, Y . H . 
Luo, S . P . Bai, Q . F . Zeng, Z . W . Su, Y . Xuan, and K . Y . Zhang, Sichuan 
Agricultural University, Chengdu, Sichuan, China.

This paper assessed the effect of dietary vanadium (V) and vitamin C 
(VC) on production performance, egg quality and antioxidant status 
in laying hens . A total of 360 laying hens (31-wk-old) were randomly 
allotted into a 3 × 3 factorial arrangement treatments (4 replicates and 
10 chicks per replicate) with 3 levels of dietary vanadium (0, 5 and 10 
mg/kg) and 3 levels of vitamin C (0, 50, and 100 mg/kg) for 12 wks . 
The effect of V and VC did not alter egg production, egg weight, ADFI, 
or FCR during 1 to 12 wk . Albumen height and Haugh unit value were 
linearly decreased (P < 0 .001) by addition of V, whereas the effect of 
100 mg/kg VC were observed to counteract (P < 0 .05) this effect in V 
containing treatments during 1 to 12 wk . Hens fed vanadium containing 
diet laid lighter (linear effect, P < 0 .05) colored eggs (higher lightness 
value, lower redness and yellowness value), and the VC exerted no 
influence on it during 1 to 12 wk. The serum superoxide dismutase 
(SOD), catalase (CAT) and glutathione (GSH-Px) activities, ability to 
inhibit hydroxyl radical, were significantly decreased, and the malo-
ndialdehyde (MDA) and vanadium contents were increased (P < 0 .05) 
by effect of V during 4, 8 and 12wk . The effect of VC alone and the 
interactive effect between VC and V were shown to increase serum (P 
< 0 .05) SOD activity in 4wk and decrease MAD levels in 12 wk . The 
result indicate that vanadium decreased the egg quality and caused the 
oxidative stress at level of 5 mg/kg and 10 mg/kg, and the addition of 
100 mg/kg vitamin C can alleviate its egg quality reduction effect and 
can mitigate the oxidative stress to some extent .

Key Words: vanadium, vitamin C, productive performance, antioxida-
tive status

243   The effect of B. subtilis and B. licheniformis on C. perfrin-
gens in vitro and in vivo. Anée B . Kehlet1, Dorthe Sandvang1, and 
Frank L . Jin*2, 1Chr. Hansen A/S, Hørsholm, Denmark, 2Chr. Hansen 
Inc., Milwaukee, WI.

A stable intestinal flora is fundamental for optimal broiler performance. 
It not only helps the bird utilize nutrients but also aids in managing 
challenges such as pathogen overgrowth . Two studies were carried out 
to evaluate the effect of B. licheniformis (BL) and B. subtilis (BS) on 
C. perfringens (CP) both in vitro and in vivo . A suspension of BL and 
BS were streaked on agar plates and incubated overnight . After 24 h, 
overnight cultures of CP type A or C were streaked vertical to the Bacil-
lus cultures and incubated overnight . The plates were evaluated by size 
of inhibition zone (IZ) . A total of 1980 male broilers were allocated to 
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1 of 5 treatments; uCON: Neg . control; iCON: CP challenged control; 
BLBS: BL+BS (1 .28E+06 cfu/g feed) + CP; BL: BL (1 .60E+06 cfu/g) 
+ CP; 1/2BLBS: BL+BS (6 .40E+05 cfu/g) + CP, for 46 d with 12 reps/
treat and 33 birds/pen . D17 birds were orally challenged with 1 mL/
bird of 8 .0E+08 cfu/mL CP . Performance was recorded and NE lesions 
determined at d 21 (0–3 score) . Data were analyzed by ANOVA . The in 
vitro analysis showed that BS had no inhibitory effect on CP whereas 
BL showed an IZ < 10 mm against both CP type A and B . At d21 BLBS, 
BL, 1/2BLBS had a significant lower scores (1.306–1.472) than iCON 
(2.583). At d21 BW was significantly higher in probiotic treated groups 
(780 .2–788 .8 g) compared with iCON (725 .3 g) . The same trend was 
seen d46 but not significantly (2097.4 g compared with 2115.6–2170.0 
g). No significant differences in FCR were seen between the challenged 
birds although BLBS (2 .339) and BL (2 .365) had lower FCR than iCON 
(2 .467) and 1/2BLBS (2 .420) . Probiotic treatment groups showed 
numerically lower morbidity (22 .17–23 .20) at d 35 compared with 
iCON (45 .23) . At d 46 mortality was numerically diminished in BLBS 
(10 .18%) and BL (12 .03) compared with iCON (17 .9) and 1/2BLBS 
(17 .9) . Above results show that BL have an inhibitory effect against CP 
in vitro and that both BL alone and in combination with BS improves 
performance, reduce mortality and diminish the severity of lesions in 
CP challenged broilers .

Key Words: broiler, C . perfringens, Bacillus, probiotic

244   Effect of dietary oleoresin mix on the performance of broil-
ers experimentally challenged with avian influenza virus. Alberto 
Casarin-Valverde, Prashant K . Mishra*, Rodrigo Garcia-Ortega, and 
Pablo A . Sánchez, Grupo Nutec, El Marqués, Querétaro, México.

Influenzavirus A type H5N2 is of grave importance in aviculture, vac-
cination is a useful but not definitive solution, as the recombination 
rate of this Orthomyxoviridae is particularly high, therefore substances 
that regulate the immune system become relevant to breeders . Hence, 
a 2-phase experiment with artificially inoculated broilers (inoculated 
with avian influenza virus) was conducted to measure the effect of 
dietary oleoresins on the zootechnical and immunological parameters . A 
total of 144 Ross-308 birds were housed in isolation units during a full 
rearing period (49 d) . The study consisted of 3 treatments: a negative 
control (− supplementation + viral challenge), an experimental group 
(+ supplemented with capsicum and curcuma oleoresin) and a positive 
control (− supplemented +viral challenge). Birds were challenged with 
2 mL of a strain H5N2 virus suspension via ocular inoculation at d 33, 
isolated from an outbreak in the state of Puebla (Mexico) on 2012 . The 
challenge was assessed by immunological parameters such as antibody 
titer (HI), serum viral load, and α-glycoproteins (AGP). Results were 
analyzed through a one-way ANOVA test and a Tukey’s range test to find 
differences in the mean values of different treatments . The test showed 
that dietary oleoresins have a statistically significant (P < 0 .05) effect 
on the conversion index (±0.2), as well as in the final weight of the birds 
(±300 g) . Similarly the antibody titer of the experimental-challenge 
disease (AI) was maintained at protective values up to the end of the 
test, while the titer of a disease (NC) vaccinated-against but not chal-
lenged were maintained at protective levels; the serum viral load of the 
experimental group was lowest (10× lower); there was no clear effect 
on the mortality and morbidity . Altogether, these results suggest that 
the oleoresin mix has an immunomodulation effect, aiding the animal 
in the efficient and well-directed immune response that is translated in 
lower energy expenditure . Such thrift is observable in a maintaining the 
zootechnical parameters at levels similar to an uninfected state .

Key Words: avian influenza, oleoresin, immunomodulation, broiler.

245   Effect of calcium level and a direct-fed microbial on perfor-
mance of broilers experiencing naturally occurring necrotic enter-
itis. Alamanda Calvert*1, Marie Schirmacher1, Christa Honaker1, 
Michael Persia1, and Audrey McElroy2, 1Virginia Tech, Blacksburg, 
VA, 2Texas A&M, College Station, TX.

Necrotic enteritis (NE) is an economically significant disease for broiler 
producers . Evaluation of dietary approaches to maintain intestinal 
integrity is essential for prevention of this intestinal disease . The objec-
tive was to evaluate if a direct-fed microbial, containing 3 isolates of 
Bacillus subtilis, could mediate the effects of NE on bird performance 
when birds were fed different dietary Ca levels . Nine dietary treatments 
were arranged in a 3 × 3 factorial using 8 replicate pens of 36 chicks . 
The factors were dietary Ca (0 .60, 0 .75, and 0 .90%) and feed additive 
(0 .5lb/ton Sporulin, 50g/ton BMD, or no additive) . Broilers were vac-
cinated with a live coccidia vaccine on d 0 and raised on used litter . 
The flock developed a natural NE occurrence starting at 10d. Pen BW 
and feed weights were measured at 0, 9, 18, and 28d and corresponding 
performance characteristics evaluated . Tibia ash and D-xylose plasma 
levels were analyzed on 9 and 18d from one bird per pen . Treatment and 
LSmean (Tukey adjusted) differences were determined at P < 0 .05 in 
Glimmix (SAS 9 .4) . Increased percent NE mortality of 16% was seen 
for the 0 .9% Ca diets compared with 6% for the 0 .6% Ca diets from 
10 to 28d . An interaction between Ca and additive was seen for BW, 
ADG and feed conversion . Increased 28d BW of 1 .57kg was seen in the 
0 .6% Ca and Sporulin diet compared with 1 .46kg in the 0 .9% Ca and 
no additive diet, with similar differences for 0–28 and 10–28d ADG . 
Feed conversion from 0 to 9d was 1 .18 in the 0 .9% Ca and Sporulin 
diet, which was better than all BMD and all 0 .75% Ca diets . From 0 
to 28 and 19–28d, lower feed intake was seen for the 0 .9% Ca verses 
0 .6% Ca diet . Bone ash weight was higher in the 0 .9% Ca compared 
with the 0 .6% Ca diets at 9d and percent bone ash was higher in the 
0 .75% Ca compared with 0 .9% Ca diets at 18d . No differences were 
seen for absorption of D-xylose . Decreasing the dietary level of Ca to 
0 .6% resulted in reduced mortality from NE, and with the inclusion of 
Sporulin, resulted in heavier BW .

Key Words: broiler, necrotic enteritis, calcium, probiotic

246   Probiotics and application methods affect intestinal gene 
expression of broilers during coccidiosis. Chasity M . Pender*1, 
Wael Abdelrahman2, Michaela Mohnl2, Miranda M . Ritzi3, and Rami 
A . Dalloul3, 1Biomin America Inc., San Antonio, TX, 2Biomin Holding 
GmbH, Herzogenburg, Austria, 3Virginia Tech, Blacksburg, VA.

Coccidiosis, an inherent risk in the poultry industry, consistently inflicts 
devastating economic losses . This study evaluated the effects of probiotic 
applications on intestinal gene expression in broilers during coccidiosis . 
Male broilers (n = 1008) were assigned to 1 of 6 treatments, including 
non-infected negative (NEG) and Eimeria-infected positive (POS) 
controls, salinomycin (SAL), intermittent high dose water-applied 
probiotic (WPI), continuous low dose water-applied probiotic (WPC), 
and feed-added probiotic (FSP) . On d 15, all birds except those in NEG 
were challenged with a mixed Eimeria inoculum . On d 15, 21, and 28, 
small intestinal sections were collected to evaluate gene expression 
by qRT-PCR . Differences among treatments were tested using Tukey 
HSD following ANOVA with significance reported at P ≤ 0.05. On d 
15, interleukin (IL)-13 was downregulated in the jejunum of all treated 
groups and lower in FSP than WPC . Jejunal inducible nitric oxide syn-
thase (iNOS) was upregulated in all probiotic groups compared with 
POS and SAL. Ileal IL-1β expression was decreased in WPI and FSP 
compared with POS and SAL . Expression was decreased in the cecal 
tonsils for interferon (IFN)-γ in WPC and LPS-induced TNF α-factor 
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(LITAF) in WPI and FSP compared with POS and SAL . On d 21, iNOS 
was upregulated in the jejunum of challenged groups with WPC and 
FSP having higher levels than POS and SAL, and in the ileum of chal-
lenged groups except for SAL and FSP, which were similar to NEG . 
IFN-γ was higher in the ileum of WPC but lower in the cecal tonsils 
of FSP compared with SAL . Expression was decreased in the cecal 
tonsils for IL-12 and IL-13 in all probiotic groups, and LITAF in WPI 
and FSP compared with POS . On d 28, IL-12 was upregulated in the 
jejunum of POS, SAL, and FSP compared with NEG, while WPC and 
WPI were similar . In the jejunum, IL-13 was increased for all challenged 
groups except WPI, higher for LITAF in POS and iNOS in POS and 
FSP compared with NEG, while other treated groups were intermediate . 
Probiotic supplementation without anticoccidials modulates intestinal 
gene expression, which may help alleviate the effects of coccidiosis .

Key Words: poultry, cytokine, Eimeria, immunity

247   Early mucosal permeability model for studying spondylo-
listhesis (kinky back) in broilers. J . C . Bielke1, V . A . Kuttappan1, 
E . A . Vicuña1, R . W . Moore2, A . S . Al-Ogaili1, J . D . Latorre1, A . D . 
Wolfenden1, B . M . Hargis1, G . Tellez1, and L . R . Bielke*1, 1Depart-
ment of Poultry Science, University of Arkansas, Fayetteville, AR, 
2Poultry Diagnostic Laboratory, Texas A&M Veterinary Medical 
Diagnostic Laboratory, Center, TX.

Spondylolisthesis (kinky back) lameness is related to abscess of the 
free thoracic vertebrae (FTV) in heavy broilers, and has been linked 
to Enterococcus cecorum (EC), a common GIT bacteria . Furthermore, 
enteric inflammation and mucosal permeability are often associated with 
translocation of bacteria into circulation, which could promote develop-
ment of abscess in FTV . Kinky back incidence occurs at a rate of 3 to 
9% in affected flocks, and can manifest as early as 6 weeks of age. We 
evaluated the effect of early induction of mucosal permeability on serum 
fluorescein isothiocyanate-dextran (FITC-d, d 11) levels, total aerobic 
bacterial translocation to liver on d11 (BTL), and EC recovery from FTV 
at 15 d of age . Dexamethasone (DEX; 0 .57mg/kg of feed d 4–15), rye 
based diet (RBD; d 7–15), and 15% dried distillers grain with solubles 
(DDGS; d 1–15) were evaluated as inducers of mucosal permeability 
and EC was administered on d 11 . A negative control (CON, no EC) 
and EC only control (ECC) were included . In Exp 1, serum levels of 
FITC-d (d 11) were higher (P < 0.05) in all inflammation groups than 
CON and ECC, and only RBD resulted in higher BTL . Incidence of FTV 
EC recovery on d 15 was 75, 50, and 55% for DEX, RBD, and DDGS, 

respectively, which was significantly higher than CON (10%) and ECC 
(15%) . In Exp 2, serum FITC-d was increased DEX and RBD treated 
birds, plus both exhibited increased BTL when individually compared 
with ECC. Recovery of EC in FTV reflected BTL results, with DEX and 
RBD both resulting in +2 Log10 increase (P < 0 .05) over ECC group . 
These studies suggest early enteric inflammation models may increase 
gut leakage of EC to FTV and markers such as serum FITC-d and EC 
FTV recovery in young broilers may be a useful research model for 
studying methods to prevent spondylolisthesis in broilers .

Key Words: kinky back, enteric inflammation, serum FITC-d, dexa-
methasone, DDGS

248   Genetic and genome analyses of bacteria cultured from 
lame broilers with osteomyelitis. Adnan Al-Rubaye*, Sura Zaki, 
Robert Wideman, and Douglas Rhoads, University of Arkansas, Fay-
etteville, AR.

Lameness is a significant problem in the poultry industry resulting in 
millions of dollars in lost revenue annually . In commercial broilers, 
the most common cause of lameness is bacterial chondronecrosis with 
osteomyelitis (BCO). We are using a wire flooring model to induce 
lameness attributable to BCO . We used 16S ribosomal DNA sequencing 
to determine that Staphylococcus spp . were the main species associated 
with BCO . Staphylococcus agnetis, which previously had not been iso-
lated from poultry, was the principal species isolated from the majority 
of the bone lesion samples . Staphylococcus spp . also were isolated from 
the blood of apparently healthy broilers . Administering S. agnetis in the 
drinking water to broilers reared on wire flooring increased the incidence 
of BCO 3-fold when compared with broilers drinking tap water (P = 
0 .001) . We found that the minimum effective dose of Staphylococcus 
agnetis to induce BCO in broilers grown on wire flooring experiment 
is 105 cfu/mL . Our results conclusively demonstrate bacterial trans-
location across the intestinal epithelium into the blood . More severe 
lesions were found in the proximal femoral and tibial heads in the lame 
birds that received S. agnetis in the water compared with the control 
group . We sequenced and assembled a draft of the S. agnetis genome 
for further investigation of genetic diversity, toxins, and pathogenicity 
determinants, for this poorly characterized species . Isolating pathogenic 
bacterial species, defining their likely route of transmission to broilers, 
and genomic analyses will contribute substantially to the development 
of measures for mitigating BCO losses in poultry .

Key Words: broiler, lameness, bacteria, genome, leg
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Metabolism and Nutrition: Enzymes I

249   Energy and protein digestibility of broiler chickens fed 
corn-soybean basal diets with or without phytase and supple-
mented with amylase. Catarina Stefanello*1, Sergio Luiz Vieira1, 
Patrícia de Carvalho1, Gabriela Santiago1, Daniel José Miranda1, 
José Otávio Sorbara2, and Rafael Gustavo Hermes2, 1UFRGS, Porto 
Alegre, RS, Brazil, 2DSM Nutritional Products, Sao Paulo, SP, Brazil.

A study was conducted to evaluate the effects of supplementation of 
an α-amylase on energy and nutrient utilization in broiler chickens fed 
corn-soy diets formulated with or without phytase . A total of 448 slow-
feathering, Cobb × Cobb 500 male broilers were randomly distributed 
to 8 treatments (8 replicates of 7 birds each) . Birds were fed a common 
starter diet to d 14 post hatch and the experimental diets were provided 
from d 14 to 25 post hatch . Birds were fed a Basal diet formulated 
without or with phytase (1,000 phytase units (FYT)/kg of feed) and 
supplemented with 40, 80, and 120 kilo-Novo α-amylase units (KNU)/
kg of feed (Ronozyme HiStarch (CT), DSM Nutritional Products) . A 
factorial arrangement of 4 × 2 was used (amylase × phytase) . Celite at 
1% was used as indigestible marker . Total excreta was collected from d 
21 to 24 post hatch, whereas all birds were slaughtered at d 25 for ileum 
content collection . Feed, excreta and ileum samples were submitted to 
analysis for total-tract retention and apparent digestibility determina-
tions . There were no interactions between amylase and phytase in all 
parameters evaluated . Broilers fed diets formulated with phytase had 
higher (P < 0 .05) AME, IDE, dry matter and CP ileal digestibility when 
compared with birds fed the diet without phytase . Relative to the Basal 
diet without enzymes, AME and IDE were improved (P < 0 .05) by 70 
and 84 kcal/kg, respectively when birds were fed the Basal supplemented 
with 80 KNU/kg. In conclusion, dietary supplementation of α-amylase 
or diets formulated with phytase improved AME, IDE and CP digest-
ibility in broiler chickens .

Key Words: amylase, broiler, metabolizable energy, phytase

250   The effect of Victus across different broiler strains. Nelson 
E . Ward*1, Marc de Beer1, Leonel Majia2, and Boyd Clary3, 1DSM 
Nutritional Products, Parsippany NJ, 2Cobb-Vantress Inc., Siloam 
Springs AR, 3Pilgrim’s Pride, Pittsburg, TX.

Continuous genetic changes in broiler strains require periodic testing, 
as do new technologically-advanced enzyme products for commercially 
similar corn/SBM(soybean meal)-based diets . This study ascertained (1) 
the performance of 4 broiler strains and (2) the effect of Victus across 
strains . Victus is a strategic composite of carbohydrases, debranching 
enzymes, protease, and phytase . Four strain crosses and 2 nutritional 
treatments comprised the 4 × 2 randomized complete block design with 
4,800 straight-run day-old chicks placed in 96 floorpens. A 3-phase pel-
leted feed allocated 0 .68, 1 .82 and 5 .0 kg/bird for the starter, grower 
and finisher, resp. Birds were weighed at 43 and 54 d of age, and 10 
birds/pen (5 males, 5 females) were processed on d 55 . Strains were 
replicated 24 times with 12 replications of each nutritional diet . Victus 
and a competitor phytase + carbohydrase mix were the 2 nutritional com-
parisons - each formulated in the corn/SBM-based diets for manufacturer 
recommended energy, P, Ca, amino acids and Na . On d 43 and 54, Victus 
improved body weight (BW; P < 0 .0001), feed intake (FI; P < 0 .0004), 
FCR-m (adjusted for mortality; P < 0 .0001) and FCR-mBW (adjusted 
for mortality and BW; P < 0 .0001) . No strain by nutrition interaction 
existed for any trait (P > 0 .05) . On d 43, differences occurred across 
strains for BW (P < 0 .0001), FCR-m (P < 0 .0074), FCR-mBW (P < 
0 .02) and FI (P < 0 .007), but not mortality . At 54 d, differences existed 

for FCR-m (P < 0 .004), FI (P < 0 .002) and mortality (P < 0 .05) . Across 
strains, statistical differences existed for all processing variables except 
hind half and tenders. Victus significantly increased % WOG, % front 
half, % breast and % tenders . Victus improved BW, FI, FCR and several 
yield variables over the competitor enzyme combination. Efficacy was 
unrelated to broiler strain . Strains differed for several economically 
important variables, some of which were age-related .

Table 1. 

Treatment BW, g Feed intake, g FCR-m1 FCR-mBW1 Mortality
Day 43      
 Victus 2,910a 4,880a 1 .676b 1 .666b 1 .74
 Control 2,804b 4,754b 1 .695a 1 .705a 2 .75
Day 54      
 Victus 3,751a 7,004a 1 .866b 1 .898b 3 .33
 Control 3,642b 6,864b 1 .885a 1 .938a 3 .71
1FCR-m = FCR adjusted for mortality; FCR-mBW = FCR adjusted for mortal-
ity and BW .

Key Words: Victus, enzyme, broiler, strain

251   The efficacy of xylanase and phytase enzymes on growth 
performance, jejunal morphology, and nutrient utilization in 
broiler chickens fed camelina meal. Ahmet Y . Pekel*1, Nathan L . 
Horn2, and Olayiwola Adeola2, 1Department of Animal Nutrition and 
Nutritional Diseases, Faculty of Veterinary Medicine, Istanbul Uni-
versity, Istanbul, Turkey, 2Department of Animal Sciences, Purdue 
University, West Lafayette, IN.

A study was conducted to investigate the effects of phytase (PHY) and 
xylanase (XYL) enzymes on growth performance, nutrient utilization, 
jejunal morphology, and duodenal digesta viscosity of broilers when fed 
camelina meal (CM) . The experiment consisted of a 2 × 2 × 2 factorial 
arrangement of treatments with 2 dietary CM levels (0 or 100 g/kg), 2 
dietary levels of XYL (0 or 800 unit/kg), and 2 dietary levels of PHY 
(0 or 4,000 unit/kg) . Three hundred eighty-four male Ross 708 broilers 
were allocated to 8 dietary treatments at d 7 post hatch in a randomized 
complete block design with 6 replicates of 8 birds . Excreta samples 
were collected from d 18 to 21 post hatch . Ileal digesta and the left tibia 
were taken on d 21 post hatch . Broilers fed diets containing CM showed 
lower (P < 0 .001) BW gain and G:F than those fed diets without CM 
for 7–14 and 7–21 d post hatch, respectively . Phytase supplementation 
improved (P < 0 .05) all the growth parameters and increased (P < 
0 .05) jejunum villus height . Duodenal digesta viscosity increased (P 
< 0 .001) by CM . Retentions of dry matter, ether extract, N and AMEn 
were decreased (P < 0 .001) by CM addition . Ileal digestibility of DM, 
N, and ileal digestible energy (IDE) were decreased (P < 0 .05) by CM 
supplementation . Addition of XYL did not improve nutrient utilization 
and growth performance . Phytase supplementation increased (P < 0 .05) 
the ileal digestibility of DM, N, P, NDF, and energy . Apparent P reten-
tion and tibia ash increased (P < 0 .05) with PHY supplementation . In 
conclusion, PHY was effective at improving P digestibility of birds fed 
CM diet . The data also shows that the villus height increase with PHY 
addition contributed to the improvements in ileal nutrient digestibility 
obtained with PHY supplementation .

Key Words: broiler chicken, camelina meal, digestibility, phytase, 
xylanase
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252   Effect of a serine protease on the energy content of soy-
bean meals of different origins in 22-d-old broilers. L . Cámara1,2, 
M . V . Kimiaeitalab1, B . Saldaña1, H . M . Mandalawi1, R . C . Angel3, A . 
Smith4, and G . G . Mateos*1,2, 1Departameto de Producción Agraria, 
Universidad Politécnica de Madrid, Madrid, Spain, 2CEI Campus 
Moncloa, UCM-UPM, Madrid, Spain, 3Department of Animal Sci-
ence, University of Maryland, College Park, MD, 4DSM Nutritional 
Products (UK) Ltd., Heanor, Derbyshire, UK.

A total of 1,152 one-day-old straight-run Ross 308 broilers were used 
to study the effect of using a mono component serine protease (PRO; 
Ronozyme ProAct, DSM Nutritional Products) on the AMEn of soybean 
meals (SBM) from USA, Brazil (BRA), and Argentina (ARG) . The 
design was a 3 × 2 factorial arrangement of 3 SBM of different origin 
(USA, BRA, and ARG) and 2 levels of PRO (0 and 200 mg/kg to give 
0 to 15,000 PROT units/kg feed) resulting in 6 treatments . Each of the 6 
treatments was replicated 24 times and the experimental unit was a cage 
with 8 broilers . Birds were fed a commercial corn-soybean meal diet 
from 1 to 18 d of age followed by the experimental diets that resulted 
from the combination of 42 .6% SBM and 57 .4% of a nitrogen free diet 
to 22 d of age . The AMEn of the diet was 1 .4% and 3 .8% higher in 
chicks fed USA SBM than in chicks fed BRA or ARG SBM (2,921 vs . 
2,880 vs . 2,814 kcal/kg, respectively; P < 0 .001) . PRO supplementation 
increased the AMEn of the diet by an average of 1 .1% (2,888 vs . 2,856 
kcal/kg; P < 0 .001) . An interaction between SBM origin and protease 
supplementation was detected (P < 0 .01); addition of PRO increased 
AMEn diet with USA or ARG SBM but not those with BRA SBM . In 
conclusion, AMEn of the diet based on USA SBM was higher than that 
of diets with BRA SBM, and was lowest for diets with ARG SBM ARG 
meals . PRO supplementation increased the AMEn of diets, an improve-
ment that varied depending on the origin of the SBM .

Key Words: AMEn, broiler, protease, soybean meal origin

253   Evaluation of a thermostable xylanase dose response in 
broilers fed corn soybean meal-based diets. Fenglan Yan*1, Mer-
cedes Vazquez-Anon1, and Jonny Lyon2, 1Novus International Inc., St. 
Charles, MO, 2Verenium Corporation, San Diego CA.

A floor pen trial was conducted to evaluate dose response of a newly 
developed hyper-thermostable xylanase (Cibenza Xylaverse, Novus 
International Inc .) in broilers fed corn soy based diets . A 3-phase feed-
ing program was employed: starter (0–18 d), grower (18–35 d), and 
finisher (35–44 d) phases. Diets were in pellet form except starter diets, 
which were crumbled after pelleting . The study consisted of 9 dietary 
treatments – positive control, negative control (NC) with 100 kcal/kg 
less ME, test xylanase added to NC at 125, 250, 500, 1000, 2000 U/kg, 
or at variable doses for different phases (250, 1000, and 2000 U/kg for 
starter, grower, and finisher), and a commercial xylanase added to NC 
at 100 g/ton . Each treatment had 8 replicate pens of 22 male broilers . 
Body weight, feed intake, FCR, and mortality were determined at 18, 
35, and 42 d . On d 16, one bird per pen was killed to measure proven-
triculus, gizzard, pancreas, gizzard content, and ceca content weight . 
Carcass parameters were obtained on d 44 from 5 birds per pen . Data 
were analyzed with one way ANOVA and a P-value ≤ 0.05 was consid-
ered significantly different. Body weight was not affected by treatment 
throughout the trial . Reduction of ME by 100 kcal/kg increased FCR by 
3 .8 points at d 35 and by 4 .4 points at d 42 . All xylanase supplemented 
groups returned numerically better FCR on d 35 and 42, but only test 
xylanase at 250 U/kg significantly improved FCR (1.568 vs 1.594 on d 
35; 1 .709 vs 1 .732 on d 42) . Broilers fed 100 kcal/kg less ME consumed 
74 g (2 .7%) and 81 g (5 .5%) more feed for 18–35 d and 35–42 d; test 
xylanase at 250 U/kg reduced 18–35 d feed intake by 69 g (2 .5%) . A 

reduction of 100 kcal/kg ME was associated with a higher dressing 
percentage, and xylanase effect on processing traits was not consistent . 
Test xylanase at 125 and 250 U/kg increased broiler ceca content by 
87% and 107% respectively . In summary, the study demonstrated that 
the effect of the newly developed xylanase in broilers fed corn soy based 
diets was dose dependent and the moderate dose (250 U/kg) modified 
hind gut fermentation and improved FCR .

Key Words: thermostable xylanase, broiler, growth performance, dose 
response

254   Benefits of protease addition on top of a commercial young 
laying hen diet. Ludovic Lahaye*, Kathleen Sary, Derek Detzler, 
and Jean-Christophe Bodin, Jefo Nutrition Inc., Saint-Hyacinthe, QC, 
Canada.

Constant genetic improvements are extending production boundaries . 
Nutritionists are in continuous search of novel approaches to optimize 
diet formulations juggling between costs and answering nutritional 
demands of high performance birds . The objective of the current study 
was to evaluate the effect of supplementation of a single protease 
enzyme: Poultrygrow 250 (PTG) on top of a commercial corn/soy 
diet formulated for laying hens at start . This study was conducted for 
7 weeks with 112 White Lohman pullets aged 20 weeks at start of the 
trial . Pullets were evenly distributed in 28 cages with 4 birds per cage 
respecting Canadian density standards . Cages were allocated 1 of the 2 
groups: (1) control diet (CD): a diet formulated with AME of 2825 kcal/
kg, CP of 18 .5% . and total lysine content of 0 .884%; and (2) protease diet 
(PTD), which was CD supplemented with 125 ppm PTG on top . Weeks 
1 and 2 were buffer weeks to allow pullets to acclimate and all pullets 
received the control diet . At wk 3, supplementation with Poultrygrow 
250 was initiated in diet of pullets allocated to this group up to wk 7 . 
Zootechnical performances (laying rate, egg weight, and feed consump-
tion) were recorded daily and compiled weekly . Data were analyzed by 
ANOVA with a P-value of 0.05 to determine the level of significance 
and separated using Fisher’s least significant difference test (NCSS 
software). During first 2 wk, when both groups received the control diet, 
performance of layers in group CD was numerically better than that in 
group PTD . Supplementation of control diet with PTG (PTD group) 
resulted in better laying rate, egg mass, and feed conversion from wk 
3. PTD group feed conversion ratios were significantly improved over 
CD group at wk 4 (P < 0.05) and egg mass was significantly increase 
when compared with CD group at wk 6 and 7 . In conclusion, addition of 
Poultrygrow 250 on top of a commercial laying hen diet has the potential 
to improve egg production parameters and offer a viable solution in diet 
formulation optimization .

Key Words: protease, enzyme, Poultrygrow 250, laying hen

255   Effect of the addition of a carbohydrase complex on perfor-
mance and amino acids deposition of broiler chickens fed wheat-
soybean-based diets. Roberto Montanhini Neto* and Aurélie Preynat, 
Centre of Expertise and Research in Nutrition, Adisseo France SAS, 
Malicorne, France.

The objective of this study was to evaluate the effect of the addition of a 
carbohydrase complex (CC) on the performance and nutrient deposition 
of broiler chickens fed wheat-soybean-based diets . Six control diets were 
formulated with different digestible amino acids (DAA) content (−7.5%, 
−5.0%, −2.5%, 0.0%, +2.5%, and +5.0%) based on commercial recom-
mendations, but with the same ideal protein profile. Six treatment diets 
were prepared by adding CC (Rovabio Advance L) to the 6 control diets 
reduced in energy (85 kcal kg−1 or 2 .8% of average energy reduction) to 



Poult . Sci . 94 (E-Suppl . 1)88

isolate the energy effect . Each of the 12 treatments included 8 replicate 
pens of 15 male birds . Performance parameters (BWG, FI and FCR), 
efficacy of energy and protein deposition (calculated as g of BWG for 
each cal of AME or mg of dig . Lys ingested) and carcass and cuts yield 
were calculated for the period between 0 and 42 d . The reduction of 
DAA linearly degraded (P < 0 .05) all performance, nutrient deposition 
and carcass parameters . Carcass and cuts yield were not affected by 
CC addition or DAA reduction (P > 0 .05) . No interaction was observed 
between DAA content and the addition of the CC . The addition of the 
CC significantly improved (P < 0.001) BWG (+3.2%), FCR (−2.7%), 
and deposition of energy (+5 .7%) and protein (+2 .8%) . In conclusion, 
the addition of CC could improve the performance and deposition of 
nutrients, regardless the level of tested DAA in diets .

Key Words: NSP enzyme, broiler, amino acid, nutritional matrix, 
nutrient deposition

256   Phosphorus and calcium digestibility is improved with the 
addition of a carbohydrase complex in broiler chickens fed wheat-
soybean-based diets. Roberto Montanhini Neto* and Aurélie Preynat, 
Centre of Expertise and Research in Nutrition, Adisseo France SAS, 
Malicorne, France.

This study aimed to evaluate the efficacy of a carbohydrase complex 
(CC) in improving the digestibility of P and Ca in broilers’ wheat-
soybean-based diets, compared with that observed for a single 6-phytase . 
Four diets were formulated with different available phosphorus levels 
(2 .0, 2 .7, 3 .4, and 4 .1 g kg−1), with a fixed Ca:P ratio. To each diet, either 
CC (Rovabio Advance L) at 0 .2 mL kg−1 or 6-phytase at 4 different 
inclusion levels (0, 80, 160, and 240 FTU kg−1) was added . For each 
diet, 120 male birds were reared between d 10 and 28 in individual cages 
suitable for digestibility trials . Excreta collections were performed at 
d 15–18 and d 25–28 for the determination of the true digestibility of 
P and Ca . We estimated the potential of the CC in comparison with the 
phytase effect using the factorial regression of dietary P levels and the 
phytase inclusion. No significant interaction was observed between P 
levels and phytase inclusion . P levels promoted a linear reduction (P < 
0 .001) of the digestibility of both minerals in the 2 periods of evaluation . 
The phytase inclusion promoted a linear improvement (P < 0 .05) of P 
and Ca digestibility . The addition of the CC increased (P < 0 .05) the P 
and Ca digestibility . For P true digestibility, the improvement rate was 
7 .9% and 3 .8% respectively at d 18–21 and d 25–28; for Ca, it was 5 .0% 
and 5 .8% . The improvements on P and Ca digestibility promoted by the 
CC were observed regardless the level of P in the diets .

Key Words: NSP enzyme, phytase, calcium, phosphorus, digestibility

257   Effect of a carbohydrase complex in feeds with different 
metabolizable energy and available amino acids levels for broil-
ers reared in a hot climate. Roberto Montanhini Neto*, Friedrich 
Rouffineau, and Aurélie Preynat, Centre of Expertise and Research in 
Nutrition, Adisseo France SAS, Malicorne, France.

The objective of this study was to evaluate the effect of a carbohydrase 
complex (CC) added to corn-soybean-based broiler feed formulated 
with different apparent metabolic energy (AME) and digestible amino 
acids (DAA) levels . Four diets were prepared as following: T1, Positive 
Control (PC) with regular commercial nutritional levels; T2, Negative 
Control (NC) 1, with less 80 kcal of AME kg−1 (2 .6% of average energy 
reduction) and less 2% of DAA; T3, NC 2, −80 kcal kg−1 and −4% of 
DAA; and T4, NC 3, −80 kcal kg−1 and −6% of DAA. CC (Rovabio 
Advance L) was added or not in each of those 4 diets, totaling 8 treat-
ments, with 12 repetitions and 40 male birds in each . Air temperature 

inside the facility was kept above the breeder recommendations (29°C) 
and humidity was in constant rise during the experimental (0–36 d) . DAA 
reduction in feed linearly reduced (P < 0 .01) all performance parameters . 
No interaction between feed nutritional levels and the addition of the 
CC was observed . For the overall period, the addition of CC improved 
(P < 0.01) BWG (+3.3%) and FCR (−2.7%), regardless of nutritional 
reduction levels. The efficacy of energy and protein deposition (cal-
culated as g of BWG for each cal of AME or mg of digestible Lysine 
ingested) were significantly improved by the CC addition (+2.7% and 
+2 .8%, respectively) . This study also allowed us to estimate the ideal 
DAA reduction resulting from CC addition between −2% and −4%, 
when AME is reduced by 80 kcal .

Key Words: NSP enzyme, broiler, amino acid, nutritional matrix, 
nutrient deposition

258   Evaluation of metabolizable and net energy in broilers fed 
exogenous enzymes. Justina V . Caldas*, Nirun Boonsinchai, Jinrong 
Wang, Andrew Magnuson, Judith A . England, and Craig N . Coon, 
University of Arkansas, Fayetteville, AR.

The most utilized energy system for broilers diet formulation in most of 
the world is metabolizable energy (ME); however, this may not be the best 
system to account for energy provided by exogenous enzymes because 
it does not consider the heat increment of the diets . The purpose of the 
study was to determine the effect of adding exogenous enzymes on the 
apparent metabolizable energy corrected by nitrogen (AMEn) kcal/kg 
and net energy (NE) kcal/kg . Two diets were studied: T1 Negative control 
(NC); and T2 NC + Enzyme composite (phytase + xylanase + glucanase 
+ protease + pectinase). Four hundred fifty Cobb male chicks were fed 
the respective dietary treatments during the 5–13 d starter and 14–28 d 
grower phases . Birds were moved to the respiratory chambers 3 d before 
evaluation for a period of adaptation . The feed evaluations in the chambers 
were accomplished for 3 d for determining heat production (HP); after 
HP evaluation the birds were kept in the chambers for 24 h more without 
feed to measure fasting heat production (FHP) . AMEn was determined 
by total collection accounting the feed consumed and excreta voided for 
the 3 d and NE was determined using an open flow calorimetry system. 
The calculations for NE = ME – HI, kcal/kg, where HI (heat increment) 
= HP – FHP kcal/kg . The statistical analysis was achieved using JMP pro 
11 (SAS, 2013) . A CRBD was used with 6 replications in each phase per 
treatment . AMEn kcal/kg was not statistically different in both starter and 
grower with and without enzymes . NE kcal/kg was +127 kcal more for 
the enzyme composite diet in the starter with a P-value 0 .0283*; +90 .4 
kcal in the grower with a P-value = 0 .1071 . The calorimetry data shows 
a net energy system accounts for more calories from the enzymes in the 
starter and it shows a trend of higher energy in the grower . This study 
suggests that in the future if more enzymes are to be added to poultry 
diets we may need a more sensitive energy system than ME

Key Words: enzyme composite, net energy, metabolizable energy

259   Effect of adding different blends of enzymes on two diets 
based on different corns and its effects on the nutrient utilization 
by grower broilers. Sergio Gomez Rosales*1, Lourdes Angeles1, Sil-
vestre Charraga Aguilar1,2, and Sergio Fernandez Tinoco1,2, 1National 
Center of Disciplinary Research in Animal Physiology, National 
Institute of Research in Forestry, Agriculture and Livestock, Mexico, 
DF, Mexico, 2DSM Nutritional Products Mexico SA de CV, El Salto, 
Jalisco, México.

The objective of this research was to evaluate the effects of adding 
carbohydrases enzymes in diets based on white (W) or yellow (Y) corn 
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on the apparent ileal digestibility (AID) and balance of nutrients . W and 
Y corns were added to semi-purified diet with appropriate amounts of 
vitamins, minerals and phytase . Five treatments were tested in each diet: 
none (NC), 100 ppm of X (Ronozyme WX), 75 ppm of G+X (Ronozyme 
G2 G), 400 ppm of A (Ronozyme A), 300 ppm of A+X (Ronozyme A 
and Ronozyme WX) . Male B308 broilers from 16 to 26 d of age were 
used . Total excreta was collected during 3 consecutive days to estimate 
the nutrient balance . The last day of the trial, the ileal content was col-
lected to determine the AID of nutrients using titanium oxide as a marker . 
Between 9 to 18 chicks were killed to get each replicate sample . There 
were 10 replicates per treatment and results were subjected to ANOVA . 
The AID of energy (82 .6 vs 80 .9, %) and phosphorus (30 .4 vs 25 .9, %; 
SEM = 1 .23) were higher (P < 0 .01) in W compared with Y corn . In the 
balance trial, the fat intake was higher (0 .90 vs 1 .01, g/d; SEM = 0 .64), 
the fat excretion was lower (0 .36 vs 0 .32 g/d; SEM = 0 .010) and the fat 
retention was higher (58 .7 vs 68 .5, %; SEM = 1 .19) in Y compared with 
W corn (P < 0 .01) . But the AMEn was higher in W compared with Y 
corn (3 .23 vs 3 .16, Mcal/kg; SEM = 0 .021; P < 0 .05) . In regards to the 
enzyme treatments, the AID of protein, calcium, and phosphorus as well 
as the balance of nutrients were similar among treatments . On the AID 
of energy, there was a corn and treatment interaction (P < 0 .05) . In W 
corn, the AID of energy was higher when the diets were added with X, 
G+X, A and A+X compared with the NC; but in Y corn the AID of energy 
was higher only when diets were added with A and AX compared with 
the NC . In summary, W corn showed higher energy value than Y corn . 
The greater AID of energy was seen in W corn when diets were added 
with X, G+X, A and A+X; in Y corn the AID of energy was improved 
with the addition of A and a combination of A and X .

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

260   Effect of adding different blends of enzymes on diets based 
on different formulation on the nutrient utilization of grower broil-
ers. Sergio Gomez Rosales*1, Lourdes Angeles1, Silvestre Charraga 
Aguilar1,2, and Sergio Fernandez Tinoco1,2, 1National Center of Disci-
plinary Research in Animal Physiology, National Institute of Research 

in Forestry, Agriculture and Livestock, Mexico, DF, Mexico, 2DSM 
Nutritional Products Mexico SA de CV, El Salto, Jalisco, Mexico.

The objective of the experiment was to evaluate the effect of adding 
blends of a protease (P), xylanase (X) and glucanase-hemicellulose-
pentosanase-pectinase (GHPP) enzyme activities on diets including 
different feed ingredients as sources of energy and amino acid on the 
apparent ileal digestibility of nitrogen and energy and the nutrient bal-
ance . One hundred 9 2 Ross 308 male broilers from 28 to 42 d of age 
were allocated in individual pens and randomly assigned to 6 treatments 
in a factorial arrangement of 2 diet formulations and 3 enzyme blends . 
The dietary treatments were: 1) a corn-SBM diet; and 2) a sorghum-
SBM-dried distiller’s grain with solubles (DDGS)-canola meal (CM) 
diet . In both diets, the AME and digestible Lys were 3050 kcal/kg and 
0 .85%, respectively . The blends composition was: Blend 0: No enzymes; 
Blend 1: 200 ppm of P (Ronozyme ProAct) + 150 ppm of X (Ronozyme 
WX); and Blend 2: 150 ppm of P, 150 ppm of X and 150 ppm of GHPP 
(Ronozyme VP) activities . From d 37–41 excreta were totally collected 
to estimate the nutrient balance and the AMEn . The last day of the trial, 
all broilers were killed and the ileal content was recovered to estimate the 
ileal digestibility of nutrients . The data was subjected to ANOVA using 
the GLM procedures of SAS . Broilers fed the Corn-SBM diet showed 
higher ileal nitrogen and energy digestibilities higher dry matter and 
nitrogen retention and higher AMEn (P < 0 .01) compared with broil-
ers fed the sorghum-SBM-DDGS-CM diet . The apparent ileal nitrogen 
digestibility (B0 = 70 .9, B1 = 77 .0 and B2 = 79 .4, %; SEM = 1 .342), the 
apparent ileal energy digestibility (B0 = 66 .8, B1 = 71 .6 and B2 = 74 .9, 
%; SEM = 1 .624), the nitrogen retention (B0 = 53 .3, B1 = 58 .9 and B2 
= 59 .2, %; SEM = 0 .985) and AMEn (B0 = 2815, B1 = 2949 and B2 = 
2932, Kcal/kg; SEM = 20 .69) were lower in B0 compared with B1 and 
B2 (P < 0 .01) . Between B1 and B2 no differences were observed for 
any of the variable responses . In summary, the nutrient utilization was 
improved in broilers fed the corn-SBM diet, as well as in broilers fed 
the B1 and B2 combinations, regardless of the type of diet .

Key Words: broiler, xylanase, glucanase, pectinase, protease
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261   Withdrawn. 

262   Withdrawn. 

263   Withdrawn. 

264   Controlling coccidiosis with direct-fed microbials in 
chicken broilers under commercial field condition. Wael H . A . 
Abdelrahman*1,2, Michaela Mohnl1, and Isabelle Dewaele3, 1Biomin 
Holding GmbH, Herzogenburg, Austria, 2Faculty of Veterinary Medi-
cine, Suez Canal University, Ismailia, Egypt, 3Poulpharm BVBA, 
Izegem, Belgium.

This study evaluated the efficacy of Biomin’s probiotic PoultryStar 
(0.5 - 1 kg/t finished feed) as an aid in the prevention of coccidiosis 
as compared with a control group received 2 different anticoccidial 
products, nicarbazin-narasin mix 50/50 ppm in the starter diet and 
salimomycin 60 ppm in the grower diet and without any anticoccidial 
supplementation in the finisher diet in broilers reared under commer-
cial field conditions in Belgium. The experimental farm consisted of 2 
houses divided into 2 equal compartments each with 6,000 as hatched 
Ross 308 broiler chickens and had a separate feed line equipped . In 
each house, 2 different medicated groups were therefore allowed . On d 
2, all the groups received an artificial coccidiosis infection (1/15 feed 
pans, approximately 20,000 oocysts per feed pan to ensure the presence 
of enough coccidia challenge) . Performance parameters, total bacterial 
enteritis score, oocysts shedding and lesion scoring were measured 
weekly until the end of the experiment, while mortality was recorded 
daily. Between the treatment groups, there were no significant differ-
ences in performance parameters, mortality, total bacterial enteritis and 
coccidiosis lesion scores, and oocysts excretion (apart from E. maxima) . 
In conclusion, the preventive effect of probiotics was found to be similar 
as compared with the anticoccidial group .

Key Words: probiotic, anticoccidial, coccidiosis, broiler, performance

265   A multi-enzyme and direct-fed microbial combination 
improves turkey brooder performance and intestinal morphol-
ogy. Alexandra L . Wealleans*1, Yueming Dersjant-Li1, Milan Hruby2, 
Kirsty A . Gibbs1, and Sally Noll3, 1Danisco Animal Nutrition, DuPont 
Industrial Biosciences, Marlborough, UK, 2Danisco Animal Nutrition, 
DuPont Industrial Biosciences, St. Louis, MO, 3University of Minne-
sota, St. Paul, MN.

Turkey brooder performance is a good indication of flock management 
and future flock performance. Therefore, this study aimed to determine 
the effect of a multi-enzyme combination containing xylanase, amylase, 
and protease (XAP) and a 3-strain Bacillus spp . direct-fed microbial 
(DFM) addition to turkey diets containing corn-derived DDGS to 
improve performance of brooder turkeys . 663 Hybrid Converter male 
turkey poults were allocated 3 dietary treatments (12 replicate pens each/
trt; 17 poults/pen): a control diet based on corn/soy/DDGS, control + 
DFM, or control+DFM+XAP . Birds were housed on wood shavings with 
50% reused litter . Bodyweight, feed intake and FCR were measured 
at d 0 then at wk 2 and 6 . Samples of epithelium from the ileum and 
jejunum were taken from 1 bird/pen at 5 wk to determine villus height 
and crypt depth ratios (VH:CD) . During 0 to 6 wk of age, supplementa-
tion of diets with DFM alone numerically improved bodyweight gain 
and FCR while XAP+DFM significantly improved average daily gain 

(Control 55 .20 g/d, DFM 56 .20 g/d, DFM+XAP 56 .86 g/d; P < 0 .05) and 
feed efficiency (Control 1.84, DFM 1.81, DFM+XAP 1.79; P < 0 .05) . 
Histology revealed treatment with XAP+DFM numerically improved 
villus height and VH:CD in both the jejunum and ileum . In conclusion, 
this study illustrates some of the potential benefits of including a multi-
enzyme/DFM combination into the diets of turkey brooders to support 
early performance. Increasing growth performance and efficiency in 
early stages will likely continue to confer economic benefits throughout 
the production cycle .

Key Words: direct-fed microbial, gut morphology, enzyme, perfor-
mance, turkey

266   Effect of coccidia challenge and oregano essential oil sup-
plementation on performance and nutrient utilization of broilers. 
Diego Martinez* and Carlos Vilchez, Universidad Nacional Agraria 
La Molina, Lima, Peru.

The objective of the current study was to determine the effect of coc-
cidia challenge and oregano essential oil (OEO) on performance and 
nutrient utilization of broilers . A CRD was applied with 2 treatments; 
the treatments were: T1, Challenged broilers and fed a control diet and 
T2, Challenged broilers and fed an OEO-supplemented diet (500 ppm 
Orevitol) . Each treatment was fed to 8 cages of 8 male broilers (Cobb 
500) from d 1 to d 21 . On d 14, all broilers received orally mixed inocula 
of Eimeria spp. at a concentration of ≥24 × 105 live oocysts, equivalent 
to 10× the doses of a commercial vaccine (Immucox for Chicken II) . 
On d 19, 20 and 21, clean excreta were collected from each cage for the 
determination of dry matter, crude protein, and energy digestibilities . 
Acid-insoluble ash was used as a marker . Performance and nutrient 
digestibility data were analyzed by one-way ANOVA . The results 
showed that body weight gain (38 .1 vs . 41 .8 g/d) and feed conversion 
ratio (1 .41 vs . 1 .29) of broilers on T1 were different (P < 0 .05) as 
compared with those on T2 . Likewise, dry matter apparent digestibility 
(69 .8 vs . 77 .5%), crude protein apparent digestibility (64 .0 vs . 73 .8%), 
energy efficiency ratio (23.7 vs. 26.1%) and protein efficiency ratio 
(3 .64 vs . 4 .01) of broilers on T1 were lower (P < 0 .05) as compared 
with those on T2 . In conclusion, oregano essential oil supplementation 
reduced the effect of coccidia challenge and positively affected weigh 
gain, feed conversion ratio, and nutrient utilization .

Key Words: broiler, coccidia challenge, performance, nutrient 
digestibility

267   Adverse effects of T-2 toxin on performance and histologi-
cal examination of tissue in growing broiler chickens and the effi-
cacy of a mycotoxin counteracting feed additive. Karin Naehrer*1, 
Verena Starkl1, and Gonzalo J . Diaz2, 1Biomin Holding GmbH, Herzo-
genburg, Austria, 22Facultad de Medicina Veterinaria y de Zootecnia 
Universidad Nacional de Colombia, Bogotá, Colombia.

Mycotoxins are a topic of concern for animal’s health and performance, 
as these toxigenic metabolites of fungi occur in feedstuffs all over the 
world . Type-A trichothecenes such as T-2 toxin (T-2) are a major chal-
lenge to the poultry industry and causes in particular reduced feed intake 
and bodyweight or oral lesions as well as impaired nutrient adsorption . 
A trial with conducted with a total of 144 Ross 308 one-day-old chicks 
with the objective to investigate the effects of 2,500 ppb T-2 on poultry 
and the protective effect of a commercial feed additive (FA, Mycofix 
Select . The experimental groups were; Group 1: negative control, no 
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T-2 or additive; group 2: FA, 2 .5 kg/t; group 3: positive control, 2 .5 ppm 
T-2; group 4: 2 .5 ppm T-2 + 2 .5 kg/t FA . Feed and water were provided 
ad libitum for 28 d (d 1 to 28 of age) . Each experimental treatment was 
replicated 6 times, with 6 birds per replicate pen for a total of 36 birds 
per treatment . Performance data were analyzed using the replicate pen 
as experimental unit (n = 6) . At d 28, samples were taken in buffered 
formalin from 3 birds taken at random from each experimental treat-
ment for histological examination of lesions . For statistical analysis 
data from all response variables were analyzed by one-way ANOVA 
for a completely randomized experimental design using Statistix for 

Windows version 9 (2008). The significance level used was P < 0 .05 . 
When the ANOVA analysis showed a significant P-value, differences 
between means were analyzed using the Tukey test . The results of the 
experiment indicated clearly that exposure at 2.5 ppm T-2 significantly 
impaired animal’s performance which were overcome by adding the FA . 
Histological examinations of tissues showed the severe impact of T-2 in 
the birds from trial group 3 (T-2 alone) by necrosis such as on the tongue, 
proventriculus, and gizzard and enterocyte necrosis in the duodenum . 
The birds from group 4 (T-2 + FA) showed less severe or no lesions .

Key Words: mycotoxins, T-2 toxin, broiler, performance, histology
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268   Microbiology and evisceration efficiency of carcasses of 
broilers slaughtered and held up to 8 hours postmortem prior to 
scalding and defeathering. Dianna V . Bourassa*1, Kim M . Wilson1,2, 
Caitlin E . Harris2, and R . Jeff Buhr1, 1USDA-ARS US National Poultry 
Research Center, Athens, GA, 2University of Georgia, Athens, GA.

The implementation of on farm slaughter could eliminate potential 
animal welfare issues associated with cooping, transport, dumping, 
and shackling live broilers . This research evaluated evisceration 
efficiency and the microbiological implications of delaying scalding 
and defeathering for up to 8 h after slaughter . Live male broilers were 
obtained from a commercial processing plant and in batches of 10 were 
stunned at 15 V for 10 s, and bled for 2 min . Carcasses that were held 
before scalding were transferred to stationary shackles and remained 
suspended by their feet for 1, 2, 4, or 8 h . All carcasses were hard 
scalded at 60°C/140°F for 90 s and defeathered for 30 s . Carcasses were 
sampled post-evisceration from the 0 or 8 h groups for microbiological 
analysis . Whole carcass rinses (WCR) were sampled for aerobic plate 
count (APC), Enterobacteriaceae (EB), Salmonella, and Campylobacter . 
Ilea and ceca were sampled for Lactobacillus, EB, total anaerobes, 
Salmonella, and Campylobacter. For WCR APC, EB, and Campylo-
bacter were higher (5 .38, 4 .64 log10 cfu, 100%) at 8 h compared with 
0 h (4 .73, 4 .02 log10 cfu, 40%) . EB and total anaerobes were higher 
at 8 h (6 .30, 6 .74 log10 cfu) compared with 0 h (4 .51, 4 .98 log10 cfu) 
for ilea while there was no difference in Lactobacillus, Salmonella, 
or Campylobacter . For ceca no differences were detected between 0 
and 8 h . Carcasses were examined post-pick for broken bones and for 
evisceration efficiency. For 0 and 1 h groups no carcasses had broken 
bones . After 2 and 4 h, 7% of carcasses had a broken bone and after 8 
h 30% had a broken bone . For evisceration at 0, 1, 2, 4, and 8 h, packs 
were not transferred for 5, 7, 13, 7, and 10% of carcasses, respectively . 
These experiments reveal that increases in APC, EB, total anaerobes, 
and Campylobacter 8 h post-slaughter from WCR and/or ilea samples 
may be a concern that will need to be addressed . Carcasses subjected 
to delayed scalding/defeathering appear to eviscerate as efficiently as 
non-delayed carcasses but may have more broken bones possibly due 
to less pliability during defeathering .

Key Words: delayed scalding, whole carcass rinse, ilea, ceca, broiler

269   Feather retention force in carcasses of broilers slaugh-
tered and held up to 8 hours postmortem prior to scalding. R . Jeff 
Buhr*1, Dianna V . Bourassa1, Kimberly M . Wilson1,2, and Caitlin E . 
Harris2, 1USDA-ARS US National Poultry Research Center, Athens, 
GA, 2The University of Georgia, Athens, GA.

One factor that could affect the feasibility of commercial on-farm 
slaughter of broilers is the time delay from on-farm slaughter to 
scalding and defeathering in the commercial plant that could be 4 
h or more . This experiment evaluated feather retention force (FRF) 
in broilers that were slaughtered (stunned and exsanguinated) and 
remained shackled by their feet for 0, 1, 2, 4, or 8 h before scalding . 
Commercial male broilers were individually weighed, shackled in 
batches of 5, stunned, exsanguinated, and then carcasses transferred 
to stationary shackles and held . The wing secondary remiges (pulled 
distal to proximal #4-#9) and tail rectrices (pulled lateral to medial 
#7-#2) feathers were extracted parallel to their insertion and maxi-
mum FRF recorded with a digital gauge . Feather tracts were sampled 
contralaterally alternating left or right side before and after scalding . 
For the wings, FRF values were similar for 0 to 4 h postmortem 

(3,150 to 3,343g) but significantly declined at 8 h (2,681g). For the 
tail FRF values were similar at 0, 1, and 2 h (1,237 to 1,115g) but 
declined at 4 and 8 h (975 and 1,035g) . Scalding lowered wing FRF 
from 3,150g to 421g at 0 h and values remained significantly higher 
(640 to 755g) for carcasses held for 1 to 8 h . Scalded tail feathers 
had the lowest values at 4 h (677g) and highest values at 1 and 2 h 
(841 and 869g) . When carcasses were held for 4 or 8 h at 4°C FRF 
was elevated for both wing (10 to 41%) and tail (31 to 41%) feathers . 
In contrast holding carcasses for 4 or 8 h at 40°C resulted in lower 
FRF for the wing (−69 to −76%) and the tail (−67 to −80%) feathers. 
This pattern persisted following scalding, carcasses held at 4°C had 
elevated wing (71 to 84%) and tail (50 to 76%) FRF and carcasses held 
at 40°C had lowered FRF after scalding for wing (−75 to −79%) and 
tail (−70 to −86%) feathers. Scalding lowered FRF of wing feathers 
(79%) more than tail feathers (30%) assumed to be associated with 
the thinner tissue layers surrounding the feather follicles in the wing . 
Holding slaughtered carcasses for 4 h should not affect the efficiency 
of defeathering as measured by FRF .

Key Words: scalding, feather retention force, broiler

270   Using instrumental compression to assess hardness of 
woody breast fillets and changes during short-term storage. Xiao 
Sun*, Famous L . Yang, Vishwesh V . Tijare, Jessica L . Solo, Yanbin Li, 
and Casey M . Owens, University of Arkansas, Fayetteville, AR.

Woody breast is characterized by a distinct hardness of the breast fillet. 
A scoring system using tactile evaluation was recently developed in our 
lab to assess the severity of the condition . However, an instrumental 
means of assessing this rigidity would be useful in identifying woody 
breast . This study was conducted to determine the effectiveness of 
measuring compression forces to distinguish between varying degrees 
of fillet hardness and to determine if hardness of fillets changes during 
short-term storage. In experiment 1, fillets (n = 84 in 2 replications) 
were collected from broilers processed at 63d of age and categorized 
in normal (NORM), moderate (MOD) and severe (SEV) categories 
of woody breast, based on tactile evaluation of hardness . Fillets were 
compressed to 20% of the fillet height using a 6 mm flat probe on a 
texture analyzer (Texture Technologies, Inc .) and force required com-
press the fillet was measured. The compression test was conducted on 
d 1, 4, 8 and 13. In experiment 2, fillets (n = 80 in 2 replications) were 
collected from broilers processed at 54d of age and were categorized 
as either NORM or SEV for woody breast . Compression tests were 
conducted at 1, 2, 3, 4, 5, 6, and 8 d of storage . In experiment 1, com-
pression forces increased as severity of woody breast (tactile hardness) 
increased (P < 0 .05); SEV was greater than MOD, which was greater 
than NORM (P < 0 .05) . Compression forces were higher (P < 0 .05) 
at d 1 of storage compared with d 4, 8, and 13, which were similar 
(P > 0 .05) suggesting a greater change between 1 and 4d of storage . 
However, SEV fillets had higher (P < 0 .05) compression forces than 
MOD and NORM throughout 13d of storage whereas there were no 
differences (P > 0 .05) between MOD and NORM at 4, 8, or 13d of 
storage . In experiment 2, compression forces were higher in the SEV 
compared with NORM (P < 0 .05) at all days . When assessing changes 
during storage through 8 d, d 1 had higher forces compared with all 
other storage times (P < 0 .05) . The results of this study indicate that 
woody breast has higher compression forces, and the degree of hard-
ness decreases over time .

Key Words: compression, woody breast, meat quality, broiler, force
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271   The effects of dietary supplementation of dl-methionine 
and 2-hydroxy-4-(methylthio) butanoic acid (HMTBa) on broiler 
meat quality. Jiyang Fang*1, Gerardo Casco2, Rocky Latham2, Jason 
Lee2, Sriperm Sriperm3, Rob Shirley3, and Christine Alvarado1,2, 
1Dept. of Nutrition and Food Science, Texas A&M University, College 
Station, TX, 2Dept. of Poultry Science, Texas A&M University, College 
Station, TX, 3Adisseo USA, Alpharetta, GA.

The objective of this study was to define the effect of digestible total 
sulfur amino acid (dTSAA) levels on meat quality . In a basal diet that 
contained a digestible lysine level of 0 .90%, dl-Met was supplemented 
into a basal diet at 0, 0 .197, or 0 .395%; this resulted in dTSAA levels 
of 0 .491, 0 .687, and 0 .882% . Supplementing HMTBa into the basal 
diet at 0 .222%, a dTSAA of 0 .687% was achieved . The 4 respective 
treatments were fed to male Cobb 500 × MX broilers from 35 to 49 d 
of age (13 replicate pens/treatment; 21 birds/pen) . From each treatment, 
6 birds per replicate were slaughtered and deboned on d 50 (n = 312) . 
Boneless and skinless breasts were measured for drip loss (DL), cook 
loss (CL), color (L*, a*, b*), pH, and water holding capacity (WHC) . In 
addition, DL and CL were determined on skinless, bone-in thigh meat . 
All data were analyzed using ANOVA, with LSMeans set at a P-value 
of < 0 .05 . While increasing the level of dTSAA did not affect incidence 
of woody breast (P > 0 .05), samples that had an incidence of “woody 
breast” were included in the data analysis because it has a significant 
effect (P < 0 .05) on meat quality measurements (breast meat DL and 
pH) . For the DL-Met treatments, feeding 0 .687% dTSAA resulted in the 
lowest L* value when compared with the dTSAA treatments of 0 .491% 
(P < 0 .05) and 0 .882% (P > 0.05). WHC was significantly higher for the 
dTSAA treatments of 0.882% and 0.687%. No significant difference was 
found in the meat quality measurements among the 3 dTSAA levels . No 
significant difference in DL, CL, color, and pH was identified between 
the 2 methionine sources, dl-Met and HMTBa at 0 .687% dTSAA . In 
conclusion, supplementing either source of methionine at a dTSAA level 
of 0 .687% resulted in breast meat with a lower L* value (darker color 
meat) and an overall superior meat quality .

Key Words: dl-Met, HMTBa, meat quality, woody breast

272   Hydroxy-selenomethionine contributes to improve color 
stability of turkey meat. Mickaël Briens*1, Marion Faure2, Florian 
Couloigner1, Jean Garet3, Thierry Maucotel3, Nathalie Tommasino3, 
Gatelier Philippe2, Denis Durand2, Pierre-André Geraert1, and Yves 
Mercier1, 1Adisseo France S.A.S., Antony, France, 2INRA, Saint-
Genes-Champanelle, France, 3L.D.C., Sable, France.

Selenium (Se) is a trace element involved in the cellular Redox regula-
tion and is active through selenoproteins, such as, glutathione peroxi-
dases, thioredoxine reductases or methionine sulfoxide reductase B . The 
present study aimed to evaluate the effect of hydroxy-selenomethionine 
(HMSeBA) on the color stability of turkey red meat in standard packag-
ing conditions . A total of 72 male turkeys (Grade Maker), 83 d old, were 
divided into 2 treatments as follow: a control diet (20 mg/kg of vitamin 
E and 0 .3 mg/kg of Se from sodium selenite) and a test diet (control 
diet supplemented with 0 .2 mg/kg of Se from HMSeBA) . After 4 wk of 
dietary supplementation, thigh meat parts were processed the day after 
animal slaughtering . Enzymatic activities of catalase (CAT), superoxide 
dismutase (SOD) and glutathione peroxidase (GPx) were measured as 

well as vitamin A and E contents, pHu, glycolytic potentials and iron 
(free and heminic) content . The meat malondihaldehyde (MDA) and 
protein carbonyl contents were measured at 8 and 13 d after slaughter . 
A visual score was daily attributed to the meat portions from 1 (no 
discoloration) to 4 (at least 1/3 of meat discolored) during 13 d . A score 
above 3 indicated a non-saleable product . The meat GPx activity was 
higher (P < 0 .05) for the test group compared with control . The CAT 
activity, vitamin A, E and iron contents were not affected by the diets . 
After 13 d of storage, meat from test group had lower MDA content 
compared with control (P < 0 .05), but the protein carbonyl content was 
not affected by dietary treatments . The mean visual score was lower (P 
< 0 .05) for the test group compared with control group at 8 and 13 d of 
storage . Thus, on a storage period of 15 d, HMSeBA enabled to slow 
down discoloration process. It resulted in a significant improvement of 
visual score at d 10, corresponding to an extra day at higher quality grade . 
Those results indicated a positive effect of HMSeBA supplementation 
in turkey diet to contribute to improve meat color stability in standard 
storage conditions .

Key Words: selenium, hydroxy-selenomethionine, turkey meat quality

273   Effect of onion extract on oxidative stability and physico-
chemical and sensory properties of marinated broiler meat during 
refrigerated storage. Olubunmi O . Olusola*, Kehinde A . Tella, and 
Olusegun D . Oshibanjo, University of Ibadan, Ibadan, Oyo State, 
Nigeria.

Onions are consumed for their flavor and health benefits. These ben-
eficial properties seem to strongly relate to the high content of sulfur 
compounds and flavonoids, which act as antioxidants, antibiotics, and 
anticarcinogens . This study investigated the antioxidative effect of onion 
extracts on quality and sensory properties of broiler meat as affected by 
refrigerator storage . Fresh average-sized white onion bulbs (20) were 
obtained, peeled, washed, chopped, and oven-dried at 40°C until con-
stant weight was reached . Then, 500 mL of methanol was used to soak 
100 g of the oven-dried onion for 24 h . Twelve broiler chicken (1 .5 ± 
0 .2 kg) live weight of 56 d age were obtained, and 800 g of the breast 
muscle was marinated in brine solution and onion extract . The marinade 
consisted of 16 mLs of onion extracts and 14 g of table salt added to 4 
L of water . Marinade solution was kept at 4°C before breast meats were 
immersed . Marinated meat was pan fried to an internal temperature 
of 77°C ± 3°C for 15 min after 11hrs of marination and committed to 
completely randomized design. Moisture content was significantly high 
on the 4th day . Proximate composition increased with days of storage 
with d 2 having the highest mean value (31 .88%) . Days 2 and 4 had 
the same percentage of ether extract. pH was significantly high on d 2 
and 6 (6 .02 and 5 .92 respectively) . Day 4 had the highest TBARS value 
(0.58). Yeast, Mold and Bacteria were not recorded on the first day but 
increased progressively from d 2 to 6 . Day 6 had the highest coliform 
and total plate count content of 3 .63 and 3 .62 respectively . Aroma, 
flavor, juiciness and overall acceptability reduced progressively while 
there was no significant difference in color for fried meat samples. It 
can be concluded that onion extract could inhibit microbial load and 
improve shelf life up to 4 d of refrigerated storage .

Key Words: Onion extract, broiler breast meat, physico-chemical 
properties
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274   Effect of several feed enzyme blends and a vitamin D metab-
olite on laying hen productive performance. Sergio R . Fernández*1, 
Ernesto Avila2, Benjamin Fuente2, Silvestre Chárraga1, and Ezequiel 
Rosales1, 1DSM Nutritional Products México, El Salto, Jal, México, 
2Universidad Nacional Autónoma de México, México City, México.

To evaluate the effect of 2 phytase sources: E. coli (EC) and Citro-
bacter braaki (Ronozyme HiPhos; CB); 2 carbohydrase activities: B 
glucanase-xylanase (Ronozyme Blend 25; B25) and mannanase (MN); 
a protease (Ronozyme ProAct; RP); and 25-OH-D3 (Rovimix Hy D; Hy 
D), four hundred eighty 33-wk-old-Bovans White hens were randomly 
allocated to 5 treatments with 6 or 7 replicates of 15 hens each . Feed 
and water were provided ad libitum . The experimental period lasted 27 
weeks . Statistical model unbalanced CRD . Following treatments, feed 
formulation matrix and results affected by treatment (Table 1) . Following 
total trial averages + SEM for variables with no statistical difference 
(P > 0 .05): Egg production (89 .1 ± 2 .35%), feed intake (98 .1 ± 2 .31 
g/h/d), and tibia strength (20,036 ± 1,075 .0 g/cm2) . Under the experi-
mental conditions of the present trial, only the enzyme combinations 
that included protease activity (T3, T4, and T5) showed the lowest egg 
production cost (P < 0 .00001) . Feed conversion was higher for T2 (no 
protease activity present) and for T4 (highest ME value: 200 kcal/MT) .

Table 1.

T
Enzyme/blend Nutrient, Mcal or g/Mt Feed 

conversion
Production 

cost %EC CB B25MN RP Hy D ME CP SAA Lys Thr NPP

1 − − − − − − — — — — — — 1 .785a 100 .0c

2 + − + + − − 171 4,926 578 452 549 1,750 1 .875b 93 .0b

3 − + + − + − 160 9,365 378 432 644 1,500 1 .858ab 89 .0a

4 − + + − + − 200 9,365 378 432 644 1,800 1 .914b 90 .8a

5 − + + − + + 160 9,365 378 432 644 1,900 1 .868ab 89 .6a

      EEM 0 .0172 0 .86
      P < 0 .0004 0 .00001

Key Words: hen, 25-OH-D3, protease, phytase, carbohydrase

275   Total tract retention and phytate hydrolysis in broiler 
diets deficient in available P and calcium with phytase. Laura A . 
Beeson*1, Carrie L . Walk2, Michael R . Bedford2, and Oluyinka A . 
Olukosi1, 1Monogastric Science Research Centre, SRUC, Edinburgh, 
United Kingdom, 2AB Vista Feed Ingredients, Marlborough, United 
Kingdom.

Three hundred eighty-four Ross 308 broilers were allocated to 6 dietary 
treatments for 21 d . Diets were a nutritionally adequate positive control 
(PC) and a negative control diet (NC; deficient in aP by 0.15% and Ca 
by 0 .16%, relative to the PC) with each diet supplemented with 0, 500 
or 1,500 FTU/kg phytase, creating a 2 × 3 factorial design . There were 
8 replicates per diet with 8 birds per replicate . Excreta were collected 
on d 19–20 for determination of nutrient retention (TTR) and phytate 
hydrolysis . Gizzard digesta was collected on d 21 for measurement of 
phytate hydrolysis . Data were analyzed using JMP Pro 11 and means 
separated using orthogonal contrasts . Phytase supplementation increased 
DM (linear, P = 0 .001), N (linear, P < 0 .001), and P (quadratic, P = 
0 .017) retention, but only when supplemented in the NC diets (phytase × 
aP interaction, P < 0 .02) . Calcium retention decreased (P = 0 .006) from 
54 to 47% as aP increased in the diet . Phytase decreased (quadratic, P 
< 0 .001) gizzard iP6 and iP5 content and increased (linear, P < 0 .001) 
inositol content . Gizzard iP4 content increased (quadratic, P < 0 .001) 

as phytase supplementation increased in birds fed the NC diet . There 
was no effect of phytase on gizzard iP4 in birds fed the PC (phytase 
× aP, P = 0 .004) . Excreta iP3, iP5, and iP6 decreased (quadratic, P < 
0 .01) and iP4 increased (linear, P < 0 .01) in birds fed phytase in the 
PC . However, iP3 and iP4 increased (linear, P < 0 .01) and iP5 and 
iP6 decreased (quadratic, P < 0 .01) in birds fed the NC diet (phytase 
× aP interactions, P < 0 .05) . Excreta inositol content decreased (P < 
0 .001) in birds fed the PC compared with birds fed the NC . Phytase 
supplementation linearly increased (P < 0 .001) inositol content in the 
excreta . The results show that phytate hydrolysis begins in the gizzard 
and significant iP3 and iP4 hydrolysis occurs in the latter parts of the 
gastrointestinal tract .

Key Words: phytase, total-tract retention, inositol phosphate ester

276   Nutritive value of cold-pressed camelina cake and nutrient 
utilization of broiler chickens fed cold-pressed camelina cake-con-
taining diets supplemented with multi-carbohydrase. Tofuko Woy-
engo1, Rob Patterson*2, and Ruurd Zijlstra1, 1University of Alberta, 
Edmonton, AB, Canada, 2Canadian Bio-Systems Inc., Calgary, AB, 
Canada.

The objective was to determine the standardized ileal digestibility (SID) 
of amino acids (AA) and AMEn value for cold-pressed camelina cake 
(CPCC) for broilers and the effect of adding multi-carbohydrase to 
CPCC-based diets for broilers on AA digestibility and AMEn value . 
Six hundred male broiler chicks were divided into 40 groups and fed 
5 diets in a completely randomized design (8 groups per diet) from d 
15 to d 21 of age . The diets were a corn-based basal diet, the basal diet 
with 30% of it replaced by CPCC without or with multi-carbohydrase 
(2,800 U of cellulase, 1,800 U of pectinase, 400 U of mannanase, 50 
U of galactanase, 1000 U of xylanase, 600 U of glucanase, 2,500 U of 
amylase, and 200 U of protease/kilogram of diet; Superzyme OM, 1 
g/kg); and N-free diet . The corn-based basal diet was fed to determine 
nutrient digestibility and retention for CPCC by substitution . The N-free 
diet was fed to estimate basal endogenous AA losses for determining 
SID of AA . Diets contained TiO2 as indigestible marker . On DM basis, 
CPCC contained 39 .8% CP, 1 .89% Lys, 0 .70% Met, 1 .56% Thr, 0 .45% 
Trp, 12.7% ether extract, and 38.3% neutral detergent fiber. The SID 
of Lys, Met, Thr, and Trp for CPCC were 75 .6, 84 .8, 71 .4, and 83 .4%, 
respectively . The AMEn value for CPCC was 1,533 kcal/kg of DM . 
Multi-carbohydrase supplementation increased SID of Met, Thr, and 
Trp; and AMEn value for corn-CPCC-based diet by 2 .2, 2 .6, 3 .8, and 
5 .6%, respectively . Also, multi-carbohydrase increased the AMEn 
value of CPCC from 1,533 to 2,072 kcal/kg of DM . In conclusion, 
the CPCC evaluated in this study can be included in poultry diets as 
a source of energy and AA, and multi-carbohydrase supplementation 
to CPCC-based diet for broilers can increase dietary AA digestibility 
and AMEn value .

Key Words: broiler, cold-pressed camelina cake, multi-carbohydrase, 
nutrient utilization

277   Evaluation of effects of phytase in broiler breeder rear-
ing and laying diets on fecal phosphorus and constitution. B . M . 
Nusairat*1, A . C . Fahrenholz1, P . W . Plumstead2, and J . Brake1, 1Pre-
stage Department of Poultry Science, North Carolina State University, 
Raleigh, NC, 2Department of Animal Sciences, University of Pretoria, 
Hatfield, South Africa.
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The effects of a phytase derived from Buttiauxella spp . expressed in 
Trichoderma reesei included in grower and layer diets of broiler breeders 
was evaluated . Female broiler breeder chicks (Ross 708) were randomly 
distributed to 16 pens during the growing period . At 21 wk of age, 184 
females were transferred to 184 separate laying cages while maintain-
ing the same growing treatments with 46 replicate cages per treatment . 
These breeders were purposefully fed a marginal plane of nutrition with 
4 dietary treatments containing graded levels of the 6-phytase (0 (Con-
trol), 300, 600, and 1200 FTU/kg) applied from 7 wk of age . Dietary 
calcium (Ca) was 0 .7% and 2 .7% while available phosphorus (AvP) was 
0 .35% and 0 .12% in the control grower and layer diets, respectively . 
The 300 FTU/kg dose was assumed to liberate approximately 0 .1% AvP 
and Ca but was added “on top .” Egg weight and organ weights were 
measured at the first egg laid from 10 hens per treatment. Liquid portion 
(LP), calcium (Ca), and phosphorus (P) content of fecal material were 

determined at 31 and 38 wk of age . All birds were necropsied at 43 
wk of age for BW and organ weights, and tibia bones were excised for 
bone breaking strength . The 600 FTU/kg treatment produced a larger 
(P ≤ 0.01) liver compared with other treatments at first-laid egg and all 
phytase treatments produced larger (P ≤ 0.05) liver weights compared 
with the nonphytase control at 43 wk of age . Bone breaking strength was 
not affected . Feeding 1200 FTU/kg of phytase produced greater fecal 
LP at 31 wk (P ≤ 0.01) and 38 wk (P ≤ 0.01). The amount of P content 
in fecal material was increased (P ≤ 0.01) in birds that consumed either 
600 or 1200 FTU/kg at 38 wk . It was concluded that a phytase dosage 
of between 300 and 600 FTU/kg used “on top” would not disrupt fecal 
consistency or increase fecal P . An increased dosage would require a 
more precise formulation .

Key Words: broiler breeder, phytase, organ, bone strength, liquid 
portion
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278   A surplus of digestible amino acids helps 21-d-old broil-
ers cope with a challenge by cocci vaccine. Ariane Helmbrecht*1, 
Sunday A . Adedokun2,3, and Todd J . Applegate2, 1Evonik Industries 
AG, Hanau, Germany, 2Department of Animal Science, Purdue Uni-
versity, W. Lafayette, IN, 3Department of Animal and Food Science, 
University of Kentucky, Lexington, KY.

Feed accounts for 60 to 70% of broiler production costs . Thus, improve-
ment in feed efficiency is needed. Ileal digestibility (ID) and total-tract 
amino acid (AA) utilization are the parameter used to evaluate feed 
ingredients . However, ID of AA can be affected, for example, by gut 
inflammation as a result of a coccidial vaccine challenge. Adedokun et 
al. (2014) showed significantly high ileal endogenous AA losses and a 
significant decrease in apparent ID as a result of gut inflammation. The 
hypothesis that surplus AA above recommendation will ameliorate the 
effect of inflammation from mild coccidial vaccine challenge was tested 
in 192 male Ross 708 broilers randomly allocated to 3 treatments (8 
replicates each of 8 birds): PC (unchallenged) fed diet without AA uplift, 
NC (challenged with 10× Coccivac B) fed diet without AA uplift, and NC 
(challenged with 10x Coccivac B) fed diet with AA uplift . Diets with AA 
uplift contained an increased amount of digestible AA . After individual 
weighing and randomization (CRD), half of the birds were gavaged 
with 0 .6 mL of distilled water containing (10× Coccivac B) vaccine on 
d 15 . All birds were sampled on d 21 after 7 d being on the experimental 
diets . Control diets were formulated according to AminoChick (2010), 
test diet was formulated by using coefficients for standardized AA ID 
according to Adedokun et al . (2014) . Diets were iso-caloric and fed ad 
libitum . Cocci challenge resulted in a decrease (P < 0 .05) in BWG (358, 
287, 307g for PC, NC, +AA) . However, the AA uplift improved feed 
efficiency to that of the PC birds (0.737, 0.671, 0.715 g/g for PC, NC, 
+AA) . AA uplift resulted in numerical improvement for nitrogen ID in 
challenged birds (76 .8, 75 .8, 77 .1% for PC, NC, AA lift) . Majority of 
growth depression resulted from a decrease in digestible energy (about 
3 .5%) . In conclusion, an uplift in AA ID improves growth performance 
of cocci challenged growing broilers although the digestibility of energy 
still accounts for the biggest part in growth depression .

Key Words: broiler, digestible amino acid, cocci challenge, amino acid 
balance, amino acid recommendation

279   Influence of dietary amino acid reductions on the response 
of chicks to an E. acervulina infection. Samuel J . Rochell*, Carl M . 
Parsons, and Ryan N . Dilger, University of Illinois, Urbana, IL.

An experiment was conducted to evaluate the influence of an acute coc-
cidiosis challenge on growth performance and plasma carotenoids of 
chicks fed diets with reduced dietary concentrations of potentially limit-
ing amino acids . Ross 708 male broiler chicks (n = 648) were housed in 
battery cages (6 chicks/cage) from 0 to 28 d post-hatch . A dextrose-corn-
soybean meal-based (17 .6% CP) control diet (CON) was formulated to 
meet digestible amino acid recommendations, and 8 additional dietary 
treatments were formulated by reducing a single or pair of amino acids 
by 40% compared with CON to include (1) CON, (2) CON − Lys, (3) 
CON – [Met + Cys], (4) CON − Thr, (5) CON − Val, (6) CON − Ile, (7) 
CON − Arg, (8) CON – [Phe + Tyr], and (9) CON – [Gly + Ser]. Chicks 
received a common starter diet for 9 d and were provided experimental 
diets at 10 d post-hatch . Chicks were inoculated at 15 d post-hatch with 1 
mL of water (uninfected) or 4 .0 × 105 sporulated E. acervulina oocysts . 
There were 6 replicate cages for each of the 18 experimental treatments 
(9 dietary treatments × 2 infection treatments) . Growth performance was 

measured, and blood was collected from 2 birds per pen at 21 and 28 d 
post-hatch for determination of plasma carotenoids as an indicator of 
Eimeria infection severity . From 10 to 15 d post-hatch, body weight gain 
(BWG) and feed efficiency were lowest (P < 0 .01) for chicks fed diets 
with reduced Val or Lys compared with chicks fed CON . From 15 to 
28 d post-hatch, infection with E. acervulina reduced (P < 0 .01) BWG 
of chicks by an average of 25% compared with uninfected chicks, but 
reductions were dependent upon dietary treatment . Reductions in BWG 
ranged from 35% for chicks fed the reduced Thr diet to 13% for chicks 
fed the reduced Lys diet when compared with uninfected chicks fed 
the same diet . Interactive effects of diet and infection status were also 
observed (P < 0 .01) for plasma carotenoid concentrations of chicks at 
21 and 28 d post-hatch . These results indicate that the severity of growth 
depressions due to E. acervulina infection is differentially influenced 
by individual dietary amino acid reductions .

Key Words: amino acid, broiler, growth, Eimeria, coccidiosis

280   The effects of phytase and mild coccidial vaccine challenge 
on jejunal and ileal nutrients and energy digestibility and the 
expression of markers of intestinal inflammation in broiler chick-
ens. Sunday A . Adedokun*1,2 and Olayiwola Adeola1, 1Department of 
Animal Sciences, Purdue University, West Lafayette, IN, 2Department 
of Animal and Food Sciences, University of Kentucky, Lexington, KY.

The objective of this study was to determine the effect of phytase 
supplementation and intestinal inflammation as a result of mild coccidial 
vaccine challenge on jejunal and ileal energy and nutrient digestibility 
and on the expression of genes of some markers of inflammation and 
nutrient transporters in broiler chickens . A total of three hundred eighty-
four 42-d-old Ross 708 broiler chickens were randomly assigned to 6 
treatments in a factorial arrangement with 2 levels of coccidial vaccine 
(Coccivac B) challenge (0 and 20×) and 3 levels of phytase (0, 1,000, 
and 5,000 FTU/kg diet) with 8 birds per pen and 8 replicate pens per 
treatment . Phytase was supplemented to the basal diet that contained 0 
FTU phytase and was deficient in nPP (0.11%) and calcium (0.60%). 
Feed intake was higher (P < 0 .05) in challenged birds (d49–55) . Jeju-
nal DM and energy digestibility decreased (P < 0 .05) with coccidial 
challenge but phytase supplementation increased (P < 0 .05) N and P 
digestibility . Ileal N, calcium, and P digestibility increased (P < 0 .05) 
with phytase supplementation . Ileal calcium digestibility increased (P 
< 0 .05) with coccidial challenge . Coccidial challenge (P = 0 .053) and 
phytase (P = 0 .063) showed a tendency to decrease the expression 
of active sodium dependent phosphate transporters (NaPi-IIb) in the 
jejunum . Phytase supplementation also showed a tendency to reduce 
(P = 0 .066) the expression of interleukin-6 in the jejunum . In the cecal 
tonsil, coccidial vaccine challenge decreased (P = 0 .008) the expres-
sion of claudin-1 . Results from this study show that the effects of gut 
inflammation, as a result of coccidial vaccine challenge on energy and 
nutrient digestibility may be greater in the jejunum and that phytase 
supplementation, at 5,000 FTU/kg, enhanced DM, P, and energy digest-
ibility in the jejunum of challenged birds .

Key Words: broiler, coccidial challenge, digestibility, gene expres-
sion, phytase

281   Interactive effect of methionine source and vitamin E level 
on broiler muscles redox status. Dolores I . Batonon-Alavo*, Juliette 
Cholet, Maamer Jlali, Magalie Nonis, and Yves Mercier, Adisseo 
France S.A.S, Commentry, France.
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The study aimed to assess the effect of dietary methionine sources with 
vitamin E levels on broiler muscle redox status . In total, 576 day-old Ross 
PM3 chicks were allocated into 4 treatments of 8 replicates in a 2 × 2 
factorial design (2 Met sources: DLM or HMTBA × 2 vitamin E levels: 25 
or 50 mg/kg) . Birds were reared during 35 d, divided in 3 feeding phases 
following Rhodimet NG digestible amino acid recommendations . At the 
end of trial, 16 birds per treatment were slaughtered in a slaughter house 
for cut part yields while 8 birds per treatment were used for pectoralis and 
thigh muscles sampling for antioxidant enzymes (Catalase, SOD, GPx) 
and antioxidant components (Vit E, total GSH) analysis . Growth perfor-
mance were analyzed using a 2-way ANOVA, whereas redox parameters 
were submitted to a 3-way ANOVA, adding muscle type as main factor . 
Growth results were in line with breeder performance goal with 2 .624 
kg of average BW at 35 d and FCR of 1 .482 for the 0–35 d period . No 
significant differences were observed among treatments for performance, 
breast and thigh weights . Muscle type affected redox parameters with 
higher Catalase (P < 0 .001), GPx (P < 0 .003) activities and higher Vit . 
E content (P < 0 .001) in the thigh than in the breast . HMTBA fed birds 
showed higher total glutathione (386 to 483 nmol/g; P < 0 .001) and Vit . 
E content (5 .56 to 6 .38 µg/g; P = 0 .01) but lower GPx activity (1 .73 to 
1 .21 U/g; P = 0 .001) than DLM fed birds . Overall, high levels of Vit . E 
increased Vit . E content (5 .29 to 6 .66 µg/g; P < 0 .001) and decreased 
GPx activity (1 .78 to 1 .16 U/g; P < 0 .001) compared with the low levels 
of Vit . E . No interaction between methionine sources and Vit . E levels 
was observed . These results indicated that practical range of changes of 
Vit. E in the diet can significantly affect redox status of broiler muscles. 
An increase of Vit . E from 25 to 50 ppm appeared equivalent to switch 
from DLM to HMTBA on the GPx activity possibly due to the increase in 
muscle Vit . E level observed in HMTBA treatments . The interactive effects 
of “structural” antioxidants such as GSH and Vit . E on antioxidant enzymes 
such as GPx underlines the complexity of dietary redox management .

Key Words: vitamin E, HMTBA, redox status, muscle

282   Withdrawn. 

283   Dietary lysine requirement of Korean native ducklings for 
hatch to 21 days of age. S . S . Wickramasuriya1, J . Yoo1, J . C . Kim2, 
K . N . Heo3, B . Koo1, and J . M . Heo*1, 1Department of Animal Science 
and Biotechnology, Chungnam National University, Daejeon, Repub-
lic of Korea, 2Department of Agriculture and Food, South Perth, WA, 
Australia, 3Poultry Science Division, National Institute of Animal Sci-
ence, Cheonan, Republic of Korea.

A study was conducted to determine the dietary lysine requirement of 
Korean native ducklings for hatch to 21 d of age . A total of 720 one-day-
old male Korean native ducklings were used in a completely randomized 
design having 8 dietary treatments to provide a range of digestible lysine 
content from 0 .50 to 1 .20% . A wheat and corn-based basal diet was 
formulated to meet the NRC (1994) nutrient specifications, and also to 
achieve ideal amino acid pattern except dietary lysine . Ducklings were 
randomly allotted to 24 floor pens (6 replicates per treatment and 15 
ducklings per pen) and were offered the respective diets on an ad libitum 
basis for the period of study . This study was conducted in 2 consecutive 
batches due to limited research facility . Body weight and feed intake 
were measured weekly to calculate feed conversion ratio . Two ducklings 
per pen (n = 12) were euthanized via cervical dislocation to weigh empty 
body and drumsticks . Digestible lysine requirement was determined by 
fitting the data to a linear-plateau model. Digestible lysine requirements 
for Korean native ducklings for hatch to 21 d of age were estimated to 
be 0 .97, 0 .85, 0 .69 and 0 .98% for maximum body weight, average daily 
gain, average daily feed intake, and for minimum feed conversion ratio, 
respectively, when data were fitted to a linear-plateau model.

Key Words: digestible lysine, Korean native duckling, linear-plateau 
model, lysine requirement
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284   Effects of in ovo injection of organic minerals and post-
hatch holding time on the performance and physical bone charac-
teristics of broilers. T . F . B . Oliveira*1,2, A . G . Bertechini1, E . J . Kim3, 
P . Y . Hester4, O . C . Olojede2, and E . D . Peebles2, 1Federal University 
of Lavras, Lavras, Minas Gerais, Brazil, 2Mississippi State Univer-
sity, Starkville, MS, 3USDA, Starkville, MS, 4Purdue University, West 
Lafayette, IN.

Effects of in ovo injection of organic Zn, Mn and Cu in association with 
post-hatch (poh) holding time (HT; feed and water restriction) on the 
performance and physical bone parameters of broilers were determined . 
On 17 d of incubation, 1,872 eggs were subjected to in ovo injection 
using a commercial multi-egg injector . Treatments (TRT) included 
non-injected and diluent-injected controls . The respective Zn, Mn, and 
Cu levels (mg/mL) added to the diluent of low and high mineral TRT 
groups were 0 .181, 0 .087, and 0 .010, and were 0 .544, 0 .260, and 0 .030, 
respectively . The 4 TRT groups from the incubation phase were then 
sub-divided into another 2 poh HT groups . Fifteen birds were randomly 
allocated to each of 6 replicate mini pens in each of the 8 TRT. The first 
HT group (0HT) had immediate access to water and feed, and the second 
HT group (24HT) contained birds that were kept in transport baskets 
for 24 h before being released . Performance was determined at 7, 14, 
21, 35, and 42 d poh . Subsequently, birds were selected to have both 
tibiae sampled to determine bone mineral density (BMD), bone mineral 
content (BMC), fresh and dry bone weights, and bone breaking strength . 
No TRT × HT interactions were observed . Birds in the 0HT group had 
a higher BW gain through d 7 and 14, higher feed intake through d 7, 
14, and 21, and improved FCR at d 7 than did the 24HT group . Neither 
TRT nor HT affected fresh bone weight, bone breaking strength, BMD 
or BMC . The dried bone weight of the birds from the 0HT group on d 
1 was lower than that of the 24HT group . On d 14, birds from the 0HT 
group had a higher dried bone weight than did the ones from the 24HT 
group . In conclusion, the 24HT negatively affected the performance of 
the birds during the first 2 wk poh.

Key Words: bone quality, embryonic, feed and water restriction, in 
ovo enrichment, posthatch

285   Supplementation of arginine, selenium, and vitamins E 
and C increased the antioxidant activity in broilers raised at high 
altitude. Leodan T . Rodríguez-Ortega1, Eliseo Sosa-Montes2, Arturo 
Pro-Martínez1, Ciro A . Ruiz-Feria*1, Jaime Bautista-Ortega3, Artemio 
J . Vargas-Galicia1, Victor M . Valdés-Narváez4, and David Chan-Díaz4, 
1Colegio de Postgraduados, Campus Montecillo, Estado de México, 
México, 2Universidad Autónoma Chapingo, Texcoco, México, 3Cole-
gio de Postgraduado Campus Campeche, Champotón, México, 4Trouw 
Nutrition, Zapopan, Jalisco, México.

The effect of arginine (Arg), organic selenium (Se) and vitamins E and 
C (Vit E and C) and feed restriction starting at d 14 (FR, 8 h/d) on the 
antioxidant activity was evaluated in broilers chickens . One d-old male 
Ross 308 (n = 560) were raised at 2250 m . The treatments were: T1: a 
non-supplemented basal diet without FR; T2: supplemented diet (0 .5% 
Arg, 0 .15 mg Se, 120 IU vit E, 1g vit C / kg feed), without FR; T3: 
basal diet with FR and T4: supplemented with FR (2 × 2 factorial; 7 pen 
replicates/treatment) . At d 46, the glutathione peroxidase activity (GPx; 
nmol/min/mL) and malondialdehyde (MDA; µM) in plasma (14 birds / 
treatment) was analyzed . At d 47, 14 birds/treatment were killed to assess 
the antioxidant activity (AOA) in liver, lung and heart homogenates by 
measuring the percentage inhibition of the 1,1-difenyl-2-picilhydrazyl, 

DPPH radical in vitro . Chickens in T1 showed lower (P < 0 .05) GPx 
(840 ± 35) and higher MDA (6 ± 0 .26) levels than chickens from the 
other treatments (GPx: T2, 989 ± 35; T3, 1025 ± 35 and T4, 1000 ± 35, 
and MDA: T2, 5 ± 0 .26; T3, 5 ± 0 .26 and T4, 5 ± 0 .26; with no differ-
ences among these treatments) . The AOA was consistently higher (P 
< 0 .05) in broilers fed the supplemented diet than in chickens fed the 
basal diet (liver 43 .7 vs . 33 .6 ± 1 .77; lung 45 .6 vs 37 .9 ± 2 .14; heart 
53 .2 vs . 47 .4 ± 1 .23) . The supplementation and feed restriction improved 
the glutathione peroxidase activity . The supplementation increased the 
antioxidant activity in chickens broilers raised at 2250 m above sea level .

Key Words: vitamins E and C, feed restriction, antioxidant activity, 
glutathione peroxidase activity

286   Effects of dietary 25-hydroxycholecalciferol on gut mor-
phology and immunity of broilers on reused litter. Seyed A . 
Fatemi*, Martin J . Zuidhof, and Douglas R . Korver, University of 
Alberta, Edmonton, AB, Canada.

The vitamin D3 metabolite 25-hydroxycholecalciferol (25OHD) is 
associated with morphological and functional development of the 
intestinal mucosa and innate immunity in broiler chickens . The effects 
of 25OHD3 on intestinal morphology and innate immune response of 
broiler chickens in an unsanitary environment was studied . Wheat-
soybean meal-based diets were fed to Ross 308 chicks (n = 512; 13 .22 
birds/m2) for 41 d in a 4 × 2 factorial arrangement with 4 pens/treatment . 
Dietary treatments were: vitamin D3 at 2,760 IU/kg feed (D); 25OHD 
at 2,760 IU/kg feed (25OHD); D3 at 2,760 IU/kg plus 25OHD at 2,760 
IU/kg feed (D+25OHD); or D3 at 5,520 IU/kg feed (D×2); each diet was 
fed to broilers on either fresh (Clean) or reused (Used) wood shavings 
litter to increase bacterial exposure. Plasma nitric oxide (NO), α-1 acid 
glycoprotein (AGP) and haptoglobin (Hp), and duodenum, jejunum 
and ileum villus and crypt morphology measured at 12, 21, and 41 d 
of age . Data were analyzed using ANOVA; differences were consid-
ered significant at P ≤ 0.05. Neither diet nor litter affected NO or Hp, 
however, NO concentration decreased with age . AGP, as a biomarker 
of acute inflammation was higher in D birds relative to 25OHD at 41 d 
age . The increased jejunal and ileal villus length to crypt depth ratios at 
d 21 and jejunal villus length and surface area in Used birds at d 21 and 
41 of age might allow greater nutrient absorption in Used birds relative 
to Clean birds . Shallower duodenal and jejunal crypt depth in D birds 
relative to 25OHD birds at 21 and 41 d may indicate lower villus mucosal 
cell turnover and therefore lower gut maintenance energy requirement . 
Overall, 25OHD reduced inflammation as compared with vitamin D3, 
whereas, vitamin D3 may have increased absorptive surface area in 
market-weight birds . The results observed for the Used litter treatment 
might indicate a probiotic, rather than a microbial challenge effect .

Key Words: 25-hydroxycholecalciferol, vitamin D3, intestinal morphol-
ogy, innate immunity, broiler chicken

287   Performance and tibia characteristics of broilers fed diets 
formulated to contain phytase and/or 25-hydrocholecalciferol. 
Gabriela Peceros, Carlos Vilchez, and Diego Martinez*, Universidad 
Nacional Agraria La Molina, Lima, Peru.

The objective of the experiment was to evaluate the effects of the inclu-
sion, alone or in combination, of phytase (Ronozyme HiPhos-GT, RHP) 
and a metabolite of vitamin D3 (HyD, 25-OH-D3) on the performance 
and tibia characteristics of male broilers from 1 to 21 d of age . A CRD 
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with 4 treatments was applied and the treatments were: T1 = positive 
control; T =  isonutritive to T1 considering RHP matrix (0 .178% Ca 
and 0 .15% aP); T3 = isonutritive to T1 considering 25-OH-D3 matrix 
(0 .1% Ca and 0 .05% aP), and T4 = isonutritive to T1 considering both 
RHP and 25-OH-D3 matrixes . Each treatment included 5 replicate pens 
with 10 broilers placed per pen (200 total chicks placed) . All broilers 
were fed with a mash corn-soybean meal diets formulated according to 
Cobb 500 recommendations and the dietary program included starter 
(d 1–10) and grower (d 11–21) diets . Broilers were weighed and feed 
intake determined on d 7, 14, and 21 . On d 21, lengths and weights of 
tibias from 2 broilers per pen were measured . Left tibias were tested 
for ash, calcium, and phosphorus contents . Body weight, feed intake 
and feed conversion rate were not influenced (P > 0 .05) by dietary 
treatments . Broilers fed T3 exhibited shorter and lighter (P < 0 .05) 
tibias than those fed the other treatments . Ash contents and calcium 
concentrations in tibias from broilers fed T2 or T4 were lower (P < 
0 .05) than those fed T1 or T3 . Phosphorus concentration in tibia was 
not influenced (P > 0 .05) by dietary treatments . In conclusion, dietary 
treatments had minimal effects on broiler performance, but did result 
in differences in tibia characteristics as indicated by length, ash content 
and calcium concentration .

Key Words: broiler, performance, tibia, ash content, calcium

288   Effect of trace minerals on wound healing of footpad 
dermatitis in broilers. Juxing Chen*, Terra D . Wineman, Cindy A . 
Atwell, Chelsie K . Foran, Jeffery Escobar, and Mercedes Vazquez-
Anon, Novus International Inc., St. Charles, MO.

Footpad dermatitis (FPD) can be used in the poultry industry as an 
animal welfare criterion and to determine stocking density . Trace min-
erals (TM) play a role in skin structural integrity and wound healing . 
This study evaluated the effect of TM on FPD . Hatchlings (432 Ross 
308 males) were assigned to 4 treatments with 9 replicate pens (0 .6 × 
0 .9m) per treatment . All diets were formulated to meet or exceed nutrient 
needs except for TM . Diets were corn-SBM (CS) or wheat-barley-SBM 
(WB) based and HMTBa chelates (Mintrex) of Zn:Cu:Mn were added 
to obtain 32:8:32 ppm (CS32 and WB32), 64:16:64 ppm (WB64) or 
0:0:0 ppm (WB0) in final diets. CS32, WB32 and WB64 contained 
added Fe, I, Se (40, 1 .25, 0 .3 ppm) and WB0 had no added Fe, I and 
Se . Footpad lesions were scored as 1 to 5 with no lesion in score 1 and 
most severe lesions in score 5 . On d 21, 71% footpads had FPD scores 
>2 and pens were top-dressed with dry litter to induce FPD healing . 
Birds fed CS32 diet performed well but had more severe lesions and 
lower collagen protein levels (P < 0 .05) in their footpads than birds 
fed WB diets regardless of TM . Compared with WB0, both WB32 
and WB64 had improved cumulative FCR (P = 0 .005) on d 42; WB32 
increased mRNA levels of MMP13 (matrix metalloproteinase 13, P = 
0 .005), TIMP3 (tissue inhibitor of metalloproteinase 3, P = 0 .07) and 
ITGA2 (integrin α2, P = 0 .03) on d 15; WB64 reduced the area under the 
curve of footpad lesions (P < 0 .0001) during healing phase (d 21–42), 
and increased the mRNA levels of COL1A1 (type I α1 collagen, P = 
0.03), COL3A1 (type III α1 collagen, P = 0 .07) and ITGA2 (P = 0 .07) 
on d 22 and VEGF (vascular endothelial growth factor, P = 0 .08) on 
d 29 . COL1A1, COL3A1, TIMP3, MMP13, and ITGA2 are important 
for collagen synthesis and organization, matrix remodeling and wound 
healing . VEGF stimulates angiogenesis during wound healing . These 
results indicate that TM improved growth performance and promoted 
wound healing of FPD in broilers .

Key Words: footpad dermatitis, lesion development, wound healing, 
trace mineral, gene expression

289   Iron requirements of broiler breeder hens. Diogo Taschetto1, 
Sergio L . Vieira*1, Clara R . Angel2, Gabriela O . Santiago1, and Nata-
lia C. Serafini1, 1Universidade Federal do Rio Grande do Sul, Porto 
Alegre, Rio Grande do Sul, Brazil, 2University of Maryland, College 
Park, MD.

Two hundred sixty 22-wk-old broiler breeder hens were placed in 
individual cages electrostatically painted . Hens were fed with com-
mercial diets to 34 weeks and an iron (Fe)-deficient diet from 35 to 
46 weeks (27 .3 ppm in total) to induce depletion . From 47 to 70 wk, 
the hens had diets supplemented with 6 levels of Fe: 0, 25, 50, 75, 100 
and 125 ppm from ferrous sulfate . Hens were weekly inseminated and 
eggs were incubated such that blood parameters were evaluated . Total 
egg production, percentage of hatching eggs, Haugh units, Fe content 
in yolks, hemoglobin and hematocrit in hens and chicks at hatching 
were analyzed every 28 d, totaling 6 periods . Data were analyzed using 
SAS Proc Mixed in a factorial arrangement 6 × 6 (levels × periods) 
and regression analysis for levels of Fe in diet were determined . Egg 
production, percentage of hatching eggs production and Haugh units 
decreased throughout the study . Iron in yolk was higher in fourth 
period with a value of 116 .9 ppm . Hemoglobin and hematocrit of hens 
increased throughout study, from 7 .8 and 25% respectively for 9 .2 and 
32% . Hemoglobin of chicks was highest in second period (9 .1 g/dL) 
and hematocrit was higher in the first 3 periods with values of 31.5, 
30 .8, and 31 .2% respectively . Inclusion levels did not affect total egg 
production; however, the other variables had a worse result for the diet 
without supplementation . Regression analysis showed quadratic effects 
with Fe supplementation levels that maximized responses at: 112 .2 ppm 
for percentage of hatching eggs (89 .3%), 118 .6 ppm for Haugh units 
(89 .9), 132 .9 ppm for Fe content in yolk (104 .0 ppm) 174 .4 ppm for 
hens hemoglobin (8 .5 g/dL), 122 .3 ppm for hatching chicks hemoglobin 
(8 .3 g/dL), 370 .1 ppm for hematocrit of hens (33 .7%) and 108 .5 ppm 
for hematocrit of hatching chicks (30 .6%) . In conclusion, variation was 
found between Fe requirements depending on the response evaluated 
with the lowest concentration required for hematocrit of chicks and the 
highest for hematocrit of hens .

Key Words: hemoglobin, yolk, iron, hen

290   Response of heat stressed broilers to dietary choline and 
betaine: II. Choline metabolites and intestinal morphology. 
Kouassi Kpodo, Michael Smith, and Ronique Beckford*, University 
of Tennessee, Knoxville, TN.

The objective of this study was to evaluate the effects of supplemental 
choline (CHO) and betaine (BET) on CHO metabolites and intestinal 
morphology of broilers under different temperature conditions, thermo-
neutral (TN) and heat stress (HS) . Eight hundred day-old mixed sex 
broilers were weighed, wing tagged, and equally divided into the 2 
environments . Eight replicates of 10 chicks were randomly assigned to 
one of 5 dietary treatments: Treatment 1 (CON) = basal diet; 2 (CHO500) 
= as 1 plus 500 ppm methyl equivalents added CHO; 3 (CHO1000) = 
as 1 plus 1000 ppm methyl equivalents added CHO; 4 (BET500) = as 
1 plus 500 ppm methyl equivalents added BET and 5 (BET1000) = as 
1 plus 1000 ppm methyl equivalents added BET . On d 45, blood was 
collected from 8 birds per treatment while liver and intestinal samples 
were collected on d 52 . Samples were analyzed for BET, CHO, and 
glycerophosphocholine (GPC) . Intestinal histology was evaluated . Data 
were analyzed using mixed model ANOVA (SAS 9 .3, Cary, NC) . Neither 
diet nor temperature had any effect on villi height or crypt depth nor was 
there any diet × temperature interaction . Intestinal BET was affected 
by diet (P = 0 .01) with CHO1000 (6 .36 mg/100g) and BET1000 (6 .40 
mg/100g) higher than the other treatments . The diet × temperature inter-
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action for intestinal CHO tended (P < 0.06) to be significant while GPC 
was unaffected . Plasma BET was highest (P < 0 .0001) for CHO1000 
and BET1000 233 .59 µmol/L and 219 .75 µmol/L, respectively, while 
plasma CHO was unaffected . GPC was affected by both diet (P = 0 .045) 
and temperature (P = 0 .04) . Plasma GPC was highest for CON (18 .60 
µmolL) however, it was not statistically different from CHO500 (11 .53 
µmol/L) . There was a diet × temperature interaction (P = 0 .03) for liver 
BET content. In the HS, BET1000 was significantly higher than the other 
diets (17 .90 mg/100 g) while in TN CHO1000 was the highest (14 .49 
mg/100 g) . Liver CHO and GPC contents were affected by temperature 
(P < 0 .05) . In this study, CHO metabolites were affected by temperature, 
whereas intestinal morphology was not .

Key Words: broiler, heat stress, betaine, choline, glycerophosphocholine

291   Response of heat-stressed broilers to dietary choline and 
betaine: III. Corticosterone levels and immune organ weights. 
Kouassi Kpodo*, Michael Smith, Ronique Beckford, and Henry Kat-
tesh, University of Tennessee, Knoxville, TN.

A study was conducted to examine the effects of supplemental choline 
(CHO) and betaine (BET) on broiler corticosterone concentration and 
immune organ weights under different temperature conditions, thermo-
neutral (TN) and heat stress (HS) . Eight hundred day-old mixed sex 
commercial broilers were weighed, wing tagged and equally divided 
into the 2 environments . Eight replicates of 10 chicks were randomly 
assigned to 1 of 5 dietary treatments: Treatment 1 (CON) = basal diet; 
2 (CHO500) = as 1 plus 500 ppm methyl equivalents added CHO; 3 
(CHO1000) = as 1 plus 1000 ppm methyl equivalents added CHO; 4 
(BET500) = as 1 plus 500 ppm methyl equivalents added BET and 5 
(BET1000) = as 1 plus 1000 ppm methyl equivalents added BET . The 
corn - soybean basal diet was formulated to meet NRC requirements 
for broilers . Birds were brooded under standard conditions for 3 weeks 
before heat stress imposition . Plasma corticosterone was determined 
before and 3 weeks after introduction of heat stress . At the termination 
of the study, birds were processed and immune organs (spleen, bursa 
of Fabricius and thymus) collected and weighed . Data were analyzed 
using mixed model ANOVA (SAS 9 .3, Cary, NC) . Corticosterone 
levels among HS birds were not significantly different. However, on d 
22 TN birds (3 .61 ng/mL) had higher (P = 0 .02) corticosterone level 
compared with d 45 (2 .16 ng/mL) . On d 22, there was no effect of diet 
or temperature and no diet × temperature interaction on corticosterone 
levels . Day 45 corticosterone levels (HS, 3 .97 ng/mL and TN, 2 .16 ng/
mL) were affected by temperature (P = 0 .002) while there was no diet or 

diet × temperature effect . There was no diet effect or diet × temperature 
interaction on immune organs, however, high temperature significantly 
(P = 0 .03) reduced both thymus and bursa weights . Betaine and choline 
supplementation at 500 ppm and 1000 ppm did not protect broilers 
from the effects of heat stress and did not affect immune organ weights .

Key Words: broiler, heat stress, betaine, choline, corticosterone

292   Effects of copper oxide nanoparticles on the growth per-
formance, carcass yield, and gut morphology of broiler chick-
ens during starter stage. Behrooz Foadi1, Farhad Ahmadi*1, and 
Hiva Karimi Darah-Abi2, 1Department of Animal Science, Sanandaj 
Branch, Islamic Azad University, Sanandaj, Iran., 2Department of 
Food Health, Sanandaj Branch, Islamic Azad University, Sanandaj, 
Iran.

This research was carried out to investigate the effects of copper oxide 
nanoparticles (nano-CuO) on growth performance, carcass yield and 
gut morphology of broiler chickens . Three hundred day-old male 
broilers (Ross-308) were randomly divided in a completely random-
ized design, including of 5 treatments with 4 replicates and 15 birds 
in each . Experimental diets were: T1) control (basal diet, without 
nano-CuO and inclusion of 11 .7 mg Cu/kg from CuO), T2, T3, T4 and 
T5 basal diet supplemented with 60, 70, 80, and 90 mg nano-CuO/kg 
diet, respectively . On d 21 of age, 5 birds (one bird/replicate) selected 
based on closest weight to mean replicate and then slaughtered, and 
analysis carcass traits parameters . In addition, a section (5 cm) from 
the duodenum and jejunum removed and stored in formalin 10% (pH 
= 7 .2) to gut morphological analysis . Results indicated that nano-CuO 
had significantly increased (P ≤ 0.05) body weight and feed intake and 
decreased the feed conversion ratio when compared with the control 
group . The carcass, breast (29 .2%) and leg (27 .1%) weight index were 
higher in the birds fed diet supplementation with nano-CuO than con-
trol and other treatment (P ≤ 0.05). The highest (%71.4) and lowest (% 
64 .1) carcass yields and performance of birds observed in birds fed diet 
inclusion of 80 mg of nano-CuO/kg of basal diet (P ≤ 0.05). The height 
and depth of villi, and villi height to crypt depth had increased (P = 
0 .09) by using nano-CuO compared with control and other experimental 
groups . In conclusion, the results of the present research suggested that 
supplemented diet with nano-CuO improved performance and carcass 
yields . The highest improvement of the above parameters observed in 
the birds fed with experimental diet inclusion of 80 mg nano-CuO/kg .

Key Words: broiler, carcass, copper oxide nanoparticles, gut 
morphology
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293   Hemomycetes avium, a blood-borne fungus of three poul-
try species. Paul F . Cotter*, Cotter Laboratory, Arlington, MA.

The purpose is to describe a structure, originally noticed in a peripheral 
blood sample obtained from a 56-wk-old hen, that displays fungal prop-
erties . The prototype, a metachromatic conical structure, approximately 
18 μm × 5 μm, containing ~12 deep purple subsections of varying size 
(~1 to 5 μm) was detected by Wright’s stain. The differential blood count 
was highly atypical: TWBC ~200 K/μL, with H/L 1 = 0.31 and H/L 
2 = 0 .23 . Multiple foam type plasma cells, primitive (blast) cells, and 
cyanophils were present, as was polymicrobial bacteremia (PMB) . A 
structure, found in a 19-wk tom at slaughter, coming from a flock with a 
history of mild air sacculitis-synovitis, bore similarity to the prototype . 
A sample obtained from an asymptomatic broiler chicken with a high 
TWBC and high H/L ratios contained a fungal form also resembling the 
prototype . Samples obtained from lame ducklings, experimental broil-
ers and turkeys had similar abnormalities in their blood films. A fungal 
form resembling those found in blood was located in a thymic lobe with 
petechial hemorrhages obtained from a lame duckling . This observation 
suggests a metastatic capacity and tends to rule out a mere environmental 
contaminant. A 3-wk blood sample from a chick (certified SPF origin) 
raised in an isolator was also positive . Collectively, these observations 
suggest a novel microbe, likely a member of the fungi group, occurs in 
a wide variety of circumstances  .Moreover, they suggest the possibil-
ity that this organism is a cofactor in avian diseases . As this putative 
fungus was first identified in blood and repeatedly found in that fluid, 
I name it Hemomycetes avium . Because similar structures are found in 
several varieties of poultry, I propose 3 subspecies: gallinarum, anates, 
and meleagris, representing chicken, duck, and turkey types . Moreover, 
until otherwise taxonomically situated, Hemomycetes is placed in family 
Ascomycetes . To date, Hemomycetes avium has not been grown in vitro .

Key Words: fungus, blood, hematology, lameness, disease

294   Congenital torticollis in broiler chickens. Andrew 
Olkowski*1, Bernard Laarveld1, Boguslaw Olkowski2, and Chris 
Wojnarowicz1, 1University of Saskatchewan, Saskatoon, SK Canada, 
2Siedlce University of Natural Sciences and Humanities,, Siedlce, 
Poland.

The present work examines a new form of anatomical deformity in 
broiler chickens commonly known as “wry neck.” More specifically, 
this condition denotes the pathology of the cervical column categorized 
clinically as torticollis . The analyses presented herein are based on data 
from cross-sectional evaluation of contemporary broiler populations 
collected from commercial and experimental flocks over the last 15 
years, and examination of 5000+ unhatched eggs from commercial 
hatcheries . Historically, torticollis has been described in avian literature 
in association with many bacterial, viral, fungal, or parasitic disorders . 
The variant of torticollis in contemporary broiler chickens described 
herein has emerged sometime at the beginning of the previous decade, 
and since shows increasing epidemiological trends . It differs from other 
cases torticollis documented in avian literature fundamentally, because 
of the absence of defined cause or etiology, and demographic distribu-
tion . Typically, torticollis cases documented herein can be observed in 
otherwise normal commercial flocks at all stages of production cycle, 
currently at a rate of about 1% . Based on histopathological examination, 
this form of torticollis appears to be associated with cervical vertebrae 
bone pathology, but because these cases have no clinical history, by 
definition it must be classified as idiopathic degenerative bone disease. 

The occurrence of torticollis in newly hatched broilers and unhatched 
chicks dead in the shell indicates that the pathogenesis of this condition in 
broilers commences sometime during embryonic development, and thus 
this form of torticollis in broiler has attributes of congenital condition .

Key Words: broiler, torticollis, epidemiological trends, cervical column 
degeneration, pathogenesis

295   Vaccination of broiler chickens against coccidiosis may 
ameliorate drug-resistance in Eimeria. H . David Chapman*1 and 
Thomas K . Jeffers2, 1University of Arkansas, Fayetteville, AR, 2Cor-
nell University, Ithaca, NY.

Five flocks of broilers were reared in floor pens. An infection was initi-
ated by seeding litter with oocysts of 3 species of Eimeria . There were 
4 treatments: (1) 4 flocks given salinomycin (Sal) in both starter (S), 
grower (G), and finisher (F) feeds; (2) 2 flocks given Sal in S, G, and 
F feeds followed by 2 unmedicated flocks vaccinated with Coccivac 
(Vac); (3) 2 flocks given diclazuril (Dic) in the S feed and Sal in the G 
and F feeds followed by 2 Vac flocks; (4) 4 unmedicated unvaccinated 
flocks. For the fifth flock birds from all treatments were given Sal in 
all 3 feeds. When birds in the fifth flock were 3 wk old, oocysts were 
obtained from the litter and their sensitivity to Sal determined by mea-
suring oocysts production compared with infected unmedicated con-
trols (IUC) . Medicated birds given oocysts from treatment 1 produced 
significantly fewer oocysts than the IUC but more than treatments 2 to 
4 . It is concluded that the parasites from the treatment given Sal were 
partially resistant . Medicated birds given oocysts from treatments 2 
and 3 produced very few oocysts indicating that when a single drug 
program (Sal) was followed by Vac, or a shuttle program (Dic/Sal) was 
followed by Vac, the parasites were sensitive to Sal . Medicated birds 
given oocysts from treatment 4 produced significantly fewer oocysts 
than treatment 1 suggesting that there had been some restoration of 
drug-sensitivity .

Key Words: Eimeria, drug resistance, vaccination, broiler

296   Increased concerns for the lack of therapeutic interven-
tions against histomoniasis (blackhead disease) in turkeys. Prajwal 
R . Regmi1, Ashley L . Shaw*1, Ruby Hsieh2, Janis Messenheimer1, Jef-
frey M . Gilbert1, Laura Hungerford1, and Padmakumar Pillai1, 1Center 
for Veterinary Medicine, US Food and Drug Administration, Rock-
ville, MD, 2University of Minnesota, Minneapolis, MN.

Histomoniasis (blackhead disease) is a serious concern for the United 
States turkey industry . According to the 2013 USAHA Annual Meet-
ing Proceedings, a minimum of 50 cases of histomoniasis have been 
reported in the United States each year since 2007, and mortality in 
these infected turkey flocks has reached as high as 100%. Therapeutic 
options targeting this disease are limited . There is a need for research 
into the development of effective measures, including new animal 
drugs and other potential interventions such as vaccines or management 
practices, for the prevention, treatment, and/or control of histomoniasis 
in turkeys . This presentation is intended to highlight CVM’s interest in 
exploring possible interventions against histomoniasis in turkeys with 
stakeholders within the poultry industry, academia, the pharmaceutical 
industry, and elsewhere .

Key Words: histomoniasis, blackhead disease, new animal drugs, 
regulatory, turkeys
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297   Comparison of the performance of coccidia vaccinated 
broiler chickens fed either Natustat or Natustat NS. Greg Mathis*1, 
Brett Lumpkins1, Ted Sefton2, and WD King2, 1Southern Poultry 
Research Inc., Athens, GA, 2Alltech Inc., Nicholasville, KY.

This study assessed the feeding of Natustat or 3 levels of Natustat NS on 
performance in coccidia vaccinated chickens . Natustat is an all-natural 
blend product containing organic minerals, plant extracts, and at least 
one yeast-derived MOS . Natustat NS is a concentrated form of Natustat . 
A 42-d built-up litter floor pen trial was conducted using a randomized 
complete block (8 blocks) design . Cobb 500 male chicks were coccidia 
vaccinated at hatch . Each pen contained 42 chicks with 0 .93 sq . ft per 
chick . Based on commercial feed formulations the feeding program 
was starter d 0–18, grower d 18–35, and finisher d 35–42. Bird weights 
and feed consumption were measured on d 18, 35, and 42 . Oocysts per 
gram fecal material (OPG) were determined d 21, 28, and 35 . Treat-
ments were: T1 no feed additives (NM), T2 Natustat (NAT) (908 g/t), 
T3 Natustat NS (NS level 1; 454 g/t), T4 Natustat NS (NS level 2; 908 
g/t), T5 Natustat NS (NS level 3; 1 .362 g/t) . OPGs indicated that the 
peak of coccidiosis occurred between d 21 and 28 . NAT and NS levels 
2 and 3 significantly reduced d 21 OPGs. Due probably to immunity 
development, d 28 and 35 OPGs for all treatments were dramatically 
lower compared with d 28 . On d 18, the birds fed NS level 2 had sig-
nificantly improved (P < 0 .05) feed conversion ratio (FCR) compared 
with NM with no significant difference between NAT, NS levels 2 and 
3. On d 35, the birds fed NAT and NS level 3 had significantly improved 
FCR compared with NM with no significant difference in FCR between 
NAT, NS levels 2 and 3 . D42 all birds feed NAT or all levels of NS had 
significantly improved FCR compared with NM with no significant 
difference in FCR between NAT, NS levels 2 and 3 . Weight gain was 
not significantly different among treatments on d 18 and 35. However, 
on d 42, NAT and NS levels 2 and 3 weight gains were significantly 
heavier than NM. Percent mortality for the NAT birds was significantly 
lower than NM and statically equal to all other treatments . The feeding 
of Natustat or Natustat NS demonstrated significant improvements in 
performance for both FCR and weight gain as well as reducing coc-
cidiosis in coccidia vaccinated broilers .

Key Words: Natustat, Natustat NS, coccidiosis, vaccine

298   Nicarbazin sensitivity of Eimeria spp. from commercial 
chickens in the USA from 2004 to 2014. Hector Cervantes*1,2, 
Kenneth Bafundo1, Samuel Christenberry1, Jaime Ruiz1, Manuel Da 
Costa2, and Greg Mathis3, 1Phibro Animal Health, Teaneck, NJ, 2Uni-
versity of Georgia, Athens, GA, 3Southern Poultry Research, Athens, 
GA.

Usage of nicarbazin and nicarbazin-containing anticoccidials has 
increased substantially over the past decade and this has raised the 
question as to whether nicarbazin’s efficacy remains unchanged. This 
led to an examination of nicarbazin sensitivity results from Eimeria 
spp . isolated from litter samples collected from 2004 to 2014 from 77 
broiler production complexes across the USA . All data were analyzed 
as repeated-measures ANOVA design for each complex using JMP 11 . 
Nicarbazin treatment (with or without) was considered as fixed effect 
and complex as a random effect . Performance and lesion scores means 
among treatments were separated by Tukey’s test with a probability of P 
< 0.05 considered significant. Analysis of the data showed that based on 
the presence of gross coccidial lesions, the most prevalent species was 
E. acervulina (78 .4%) followed by E. tenella (37 .1%) and E. maxima 
(25 .1%) . The sensitivity to nicarbazin of the Eimeria isolates is inter-
preted as follows: An isolate of Eimeria is considered to be sensitive if 

the lesion scores are reduced by 50% or more; intermediate if the lesion 
scores are reduced between 49 and 30% and resistant if the lesions 
scores are reduced 29% or less when compared with the infected, non-
medicated controls. By this widely accepted definition, the efficacy of 
nicarbazin has not significantly (P < 0 .05) changed during the last 11 
years . When body weight gain and feed conversion ratio were used to 
evaluate the effectiveness of nicarbazin by comparing the body weight 
gain and feed conversion of nicarbazin-treated birds vs . those of nega-
tive (uninfected, non-medicated) and positive (infected, non-medicated) 
controls, no significant (P < 0.05) change in the efficacy of nicarbazin 
was observed during the past 11 years .

Key Words: nicarbazin, anticoccidial sensitivity test, AST

299   Incubation effects on enterococcal spondylitis in broilers. 
Albaraa H . Sarsour1, Luke B . Borst2, Macallister C . Harris2, Thays 
Quadros3, Luis C . Bernal-Arango4, Liliane Borsatti5, Yulieth D . Rodri-
guez-Sanchez6, Michael P . Martin2, H . John Barnes2, and Edgar O . 
Oviedo-Rondón*1, 1Prestage Department of Poultry Science, North 
Carolina State University, Raleigh, NC, 2College of Veterinary Medi-
cine, North Carolina State University, Raleigh, NC, 3Universidade 
Estadual Paulista, Jaboticabal, SP, Brazil, 4Politecnico Colombiano 
Jaime Isaza Cadavid, Medellin, Antioquia, Colombia, 5Universidade 
Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil, 6Universidad 
Nacional de Colombia, Bogota, Cundinamarca, Colombia.

Enterococcal spondylitis is becoming a common cause of lameness and 
mortality in broilers . Previous research has established a possible role 
of osteochondrosis desssicans (OCD) on the development of this dis-
ease and Enterococcus cecorum (EC) infection . Suboptimal incubation 
profiles (INC) may increase OCD by increasing developmental relative 
asymmetry (RA) . One experiment was conducted to determine effects 
of INC and EC on OCD incidence and EC positivity . A total of 600 
Cobb 500 eggs were subjected to 2 INC. The first INC (S) maintained 
eggshell temperatures (T) close to 38.0°C for 21 d. The second profile 
(LH) had low (36.9°C) eggshell T for the first 3 d and 38.0°C until the 
last 3 d when eggs were subjected to elevated (38 .9°C) eggshell T, as 
is observed in multistage machines . At hatch, 224 chicks per treatment 
were randomly selected and placed in 8 pens split into 2 isolation rooms . 
Chicks in one room were challenged with 1 × 107 cfu of pathogenic strain 
SA3 of EC via oral gavage . Bird intestines and spines were sampled 
before infection and weekly thereafter until 7 wk of age . Histopathol-
ogy of the spinal column surrounding the free thoracic vertebra was 
conducted and OCD and EC lesions were scored (0 to 5) . Leg bones 
were dissected to determine RA . Data were analyzed in RCBD in a 2 × 
2 × 2 factorial arrangement of treatments with INC, EC infection and 
sex as main factors . Data were subjected to ordinal logistic regression 
analyses with age as covariate . Pairwise correlations among variables 
were determined . EC positivity and OCD severity were affected by INC 
(P < 0 .05) and age (P < 0 .001) . The OCD incidence was affected by 
the interaction between INC and sex (P < 0 .05) and age (P < 0 .001) . 
An interaction effect (P < 0 .001) of INC and EC infection on RA was 
detected . Chicken BW was correlated with EC positivity (r = 0 .45) and 
OCD incidence and severity (r = 0 .14, 0 .12, respectively) . Enterococcal 
spondylitis was correlated (r = 0 .65) with OCD severity . The RA of tibia 
length was correlated with EC positivity (r = 0 .14) . It was concluded 
that suboptimal INC increased OCD, EC positivity and RA and could 
be a factor predisposing broilers to enterococcal spondylitis .

Key Words: spondylitis, kinky back, incubation, Enterococcus cecorum

300   Withdrawn. 



103Poult . Sci . 94 (E-Suppl . 1)

Physiology, Endocrinology, and Reproduction

301   Withdrawn. 

302   Parental sex effect of parthenogenesis on progeny of Chi-
nese Painted quail. Holly M . Parker* and Chris D . McDaniel, Missis-
sippi State University, Mississippi State, MS USA.

Parthenogenesis (P), embryonic development of an unfertilized egg, 
occurs in Chinese Painted quail and negatively affects hatchability . It 
was determined that dams selected for P, not sires, were responsible for 
the reduction in hatchability . Because P in the dam affected hatchability, 
perhaps it is possible that P in the dam, not the sire, has the greatest 
impact on progeny performance . Therefore, the objective of this study 
was to determine if parental sex of birds selected for P affects their 
progeny . Males were separated from females at 4 wk of age . At 6 wk of 
age, virgin females were placed in individual cages to determine their 
incidence of P before mating . Males were chosen for mating based on 
their sister’s incidence of P . There were 2 lines of birds used in this trial: 
1 line selected for P and 1 line (control, C) not selected for P . Breeding 
pairs were created to yield a 2 dam (C or P) × 2 sire (C or P) factorial 
arrangement of treatments: C dams + C sires (CC), C dams + P sires 
(CP), P dams + C sires (PC), and P dams + P sires (PP) . Daily, eggs 
were collected, labeled, and incubated at 37 .5°C for 18 d . A dam × sire 
interaction revealed that egg production was less for PP as compared with 
PC and egg set weight was greater in P vs . C dams and P vs . C sires . For 
eggs containing female chicks, incubational egg weight loss at 10 d of 
incubation was less for P vs . C sires . Offspring hatch weight was greater 
for P vs . C dams . The main effects for dam and sire revealed that more 
female progeny exhibited P from either P dams or P sires as compared 
with C parents . Also, the percentage of female progeny exhibiting P was 
similar for P dams and P sires . However, there was a dam × sire interac-
tion when examining the intensity of P produced by female progeny . 
Progeny from PP exhibited a greater incidence of P than CC, CP, or PC . 
In conclusion, it appears that both dams and sires selected for P affect 
progeny performance . Additionally, C sires are capable of ameliorating 
the negative effect of P on egg production . However, P dams and sires 
additively contribute to the degree of P exhibited by female progeny .

Key Words: parthenogenesis, hatch weight, set weight, egg production

303   Duck strain and sex: Differences of tibiae and femora char-
acteristics. Natalie L . Smith* and Darrin M . Karcher, Michigan State 
University.

Worldwide consumption of duck continues to grow annually . The 
demand has resulted in genetic selection of different strains to meet 
specific markets with the general focus on body weight gain. This 
affects the skeletal system, as the system must balance the demands 
of an increased body weight against skeletal development . This study 
was intended to analyze skeletal differences among 6 duck strains . Five 
drakes and 5 hens from each commercial duck strain were euthanized 
and a tibia and femur were removed from each duck . All samples were 
scanned using Quantitative CT to analyze their structure . Each bone was 
reconstructed and analyzed using MIMICS 16 .0 software (Materialise 
Inc .) . Density and cortical width measurements were taken at 3 loca-
tions along the bone including the midpoint and 15% proximally and 
distally from the midpoint . Additionally, the samples were measured by 
hand using a micrometer to acquire bone length and width . The bone 
width was measured along the mediolateral plane . ProcMixed (SAS) 
was used to analyze the data with main effects of bone, sex, strain, 
and their interactions . The results found no difference among sex or 

strain regarding tibial cortical width or density (P < 0 .05) . There was 
a significant correlation between tibia bone length measured using a 
micrometer and length measured digitally using MIMICS software (P < 
0 .01; R2 = 0 .64) . Tibial mediolateral diameter was not as strongly cor-
related between micrometer and digital measurements (P < 0 .05; R2 = 
0 .36) . The correlations for femoral measurements were extremely weak 
between the 2 methods . Femoral cortical density on the medial plane 
varied among the different strains (P < 0.05). These findings indicate 
that there is a difference in measurements technique, particularly for 
the femur . There was no difference in cortical width measurements at 
any location for the tibia or femur between the 6 different strains and 
sex. These findings indicate that duck strain has no effect on the tibia 
cortical width and density, but does affect cortical density . Addition-
ally, the specific measurement technique may differ when evaluating 
the femur and tibia .

Key Words: duck, femur, tibia, computed tomography, bone

304   Thermal stress differentially affects chicken pectoralis 
major and biceps femoris satellite cell properties and function. 
Rachel L . Harding*1, Orna Halevy2, Cynthia S . Coy1, Daniel L . Clark1, 
Shlomo Yahav3, and Sandra G . Velleman1, 1The Ohio State University, 
Ohio Agricultural Research and Development Center, Wooster, OH, 
2Department of Animal Sciences, The Hebrew University of Jerusalem, 
Rehovot, Israel, 3Institute of Animal Sciences, Agricultural Research 
Organization, The Volcani Center, Bet Dagan, Israel.

Standard poultry handling practices can expose chicks to a range of 
cold and hot temperatures immediately post-hatch . The effects these 
temperature changes have on muscle growth and meat quality are not 
well understood . Myogenic satellite cells are multipotential stem cells 
and are the only source of nuclei available for post-hatch muscle growth 
through the process of hypertrophy . The objective of this study was to 
determine the effect of thermal differences on satellite cells from both 
the chicken pectoralis major (p . major), a primarily anaerobic type 
IIB fiber, and the predominantly aerobic type I fiber, biceps femoris 
(b . femoris) . Both p . major and b . femoris satellite cells were cultured 
concurrently in 24 well plates and assayed for proliferation, differen-
tiation, apoptosis, fat accumulation, and expression of the myogenic 
transcriptional regulatory factors (MRFs) and adipose genes . Results 
demonstrated that cell culture temperatures below the standard 38°C 
reduced proliferation, differentiation and fat accumulation in both p . 
major and b . femoris satellite cells (P < 0 .05), while temperatures above 
38°C increased proliferation, differentiation and fat accumulation in p . 
major and b . femoris satellite cells (P < 0 .05) . Additionally, based on 
the rate of proliferation and differentiation changes due to temperature, 
the anaerobic p . major satellite cells were more sensitive to temperature 
changes than the mainly aerobic b . femoris satellite cells . The expres-
sion of MRFs and adipogenic genes was more sensitive to temperature 
differences in p . major satellite cells than b . femoris satellite cells (P < 
0.05). Analysis of apoptosis by flow cytometry revealed no biologically 
significant changes in satellite cell death at any temperature in either 
cell type . In conclusion, thermal stress affects satellite cells derived 
from an anaerobic muscle to a higher degree than those derived from 
an aerobic muscle, which will affect post-hatch muscle growth and 
meat quality .

Key Words: chicken, adipose, satellite cells, skeletal muscle, thermal 
stress
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305   Influence of temperature and growth selection on turkey 
breast muscle satellite cell proliferation, differentiation, and myo-
genic regulatory factor expression. Daniel L . Clark*1, Cynthia S . 
Coy1, Gale M . Strasburg2, Kent M . Reed3, and Sandra G . Velleman1, 
1The Ohio State University, Wooster, OH, 2Michigan State University, 
East Lansing, MI, 3University of Minnesota, St. Paul, MN.

Climate change forecasts indicate that temperature extremes are increas-
ing in frequency and intensity . Temperature extremes (hot and cold) 
have been shown to increase intramuscular fat accumulation and change 
breast muscle structure in poultry . Recent studies suggest that poultry 
selected for growth and muscle mass accretion are more sensitive to 
temperature extremes . Satellite cells, the only myonuclei source after 
hatch, are responsible for mediating posthatch hypertrophic growth . 
The objective of this study was to determine how temperature affects 
satellite cells from the pectoralis major muscle (breast muscle) of tur-
keys previously selected for increased 16-wk body weight (F line) in 
comparison to an unselected Randombred Control line (RBC2) from 
which the F line was selected . Breast muscle satellite cells were cultured 
within a 5° range from 38°C to quantify both cold and hot temperature 
effects on proliferation, differentiation, and expression of myogenic 
regulatory factors: myogenic determination factor 1 (MYOD1) and 
myogenin. Proliferation significantly increased (P < 0 .05) in both lines 
at elevated temperatures (41° and 43°C) and decreased (P < 0 .05) at 
reduced temperatures (33°C, 35°C, and 37°C) compared with 38°C . 
Similarly, differentiation, the formation of multinucleated myotubes, 
significantly increased (P < 0 .05) at elevated temperatures (39°C and 
41°C) and decreased (P < 0 .05) at reduced temperatures (33°C and 
35°C) . Satellite cells isolated from F-line turkeys were more sensitive 
to both hot and cold temperatures as proliferation and differentiation 
increased at a greater rate when compared with the RBC2 line . Expres-
sion of MYOD1, required for proliferation, and myogenin, required for 
differentiation, increased at elevated temperatures and decreased at 
reduced temperatures compared with 38°C for both lines . These results 
demonstrate that satellite cell function is sensitive to both cold and hot 
temperatures and breast muscle satellite cells from the growth selected 
F line are more sensitive to temperature extremes .

Key Words: climate change, muscle, satellite cell, temperature, turkey

306   Functional genes related to second-messenger systems of a 
neuroendocrine stress signaling pathway in the chicken anterior 
pituitary. Seong W . Kang*, Gurueswar Nagarajan, and Wayne J . Kue-
nzel, University of Arkansas, Fayetteville, AR.

Avian stress neurohormones, corticotropin-releasing hormone (CRH) 
and arginine vasotocin, stimulate synergistic production of cyclic AMP 
(cAMP) in corticotropes . In addition, the mobilization of intracellular 
calcium ion (Ca2+) is involved in the activation of vasotocin and CRH 
receptors under stress . The objective of this study was to determine 
changes of gene expression in anterior pituitary which may be involved 
in avian stress signaling pathways associated with cAMP or Ca2+ follow-
ing stress . Six week-old broilers (n = 7–8/treatment) were subjected to 
acute (AS, 1hr) or chronic (CS, 1 h, 10 consecutive days) immobilization 
stress . Using real-time RT-PCR, we determined changes in expression 
level of 6 genes compared with their controls; Adenylate cyclase acti-
vating polypeptide 1 receptor type I (ADCYAP1R1), Adenylyl cyclase 
8 (ADCY8), Burton’s tyrosine kinase (BTK), Neurotensin (NTS), 
and Phospholipase A2 inhibitor and LY6/PLAUR domain containing 
(PINLYP) and Troponin T type 3 (TNNT3) . Results showed that genes 
that affect cAMP (ADCYAP1R1 and PINLYP) were not changed by 
AS (P > 0 .05), but CS stimulated ADCYAP1R1 and inhibited PINLYP 
(72%, 78%, respectively, P < 0 .001) . ADCY8 (cAMP-related gene) 

was downregulated by both AS and CS (P < 0 .01) . Two Ca2+-related 
genes (NTS, and TNNT3) were decreased by AS and CS (P < 0 .001) . 
BTK (Ca2+-related gene) was activated by CS (42%, P < 0 .05) . Taken 
together, the present results indicate that ADCYAP1R1 (cAMP related) 
and BTK (Ca2+ related) were upregulated and PINLYP (negatively 
related with cAMP) were downregulated by chronic stress, however, the 
predominant response of the 3 genes, ADCY8 (cAMP related), and NTS 
and TNNT3 (Ca2+ related) was downregulated in AS and CS, suggesting 
that inhibitory roles of ADCY8 in cAMP pathway, and NTS/TNNT3 
in Ca2+ pathway in AS and CS, and activatory roles of ADCYAP1R1 
and PINLPY in cAMP pathway, and BTK in Ca2+ pathway in CS . This 
study was supported in part by NSF grant #IOS-0842937 .

Key Words: stress, anterior pituitary, second-messenger systems, cAMP, 
intracellular calcium .

307   Metabolic and hormonal effects of heat stress in broiler 
chickens. Laura E . Ellestad*, Monika Proszkowiec-Weglarz, Roselina 
Angel, Mason Trappio, and Tom E . Porter, Department of Animal and 
Avian Sciences, University of Maryland, College Park, MD.

Exposure of broiler chickens to elevated ambient temperatures leads to 
decreased growth performance and increased mortality and morbidity, 
particularly as they approach market weight . Understanding physi-
ological consequences of heat stress in broiler chickens is crucial for 
development of effective strategies to improve performance and well-
being under hot conditions . The objective of this study was to measure 
effects of heat stress on blood electrolytes, pH, and pCO2 and plasma 
thyroid hormone and corticosterone (CORT) levels in broiler chickens 
toward the end of the production period . At 24 d of age, male broiler 
chickens (BW = 1 .05 ± 0 .01 kg) were placed into 12 batteries, each 
containing 4 cages (10 birds/cage), and housed in 2 rooms under control 
conditions (22°C; 20°C–24°C) . On d 28, birds in half of the batteries 
were moved for 8 h into 2 rooms with an elevated ambient temperature 
(35°C; 32°C–37°C) for the heat stress challenge . Blood samples were 
taken from 2 different birds per cage before and after the heat challenge . 
Blood electrolytes, pH and pCO2 were immediately analyzed using a 
VetScan i-Stat blood analyzer . Plasma levels of CORT were measured 
using an ELISA, and levels of triiodothyronine (T3) and thyroxine (T4) 
were determined with RIAs . During the heat challenge, mortality was 
higher in heat stressed birds (19 .2 ± 3 .4%) than in control birds (0%; P ≤ 
0 .05) . Following exposure to elevated temperatures on d28, heat stressed 
birds had increased blood pH, chloride, and glucose (P ≤ 0.05) along with 
decreased pCO2, bicarbonate, and potassium (P ≤ 0.05), indicative of 
electrolyte and acid-base imbalances resulting from respiratory alkalosis . 
Heat stress increased plasma CORT (P ≤ 0.05) and decreased plasma 
T3 (P ≤ 0.05), but did not affect T4, suggesting that circulating levels of 
CORT and T3 are better indicators of heat stress in broiler chickens than 
T4. In conclusion, we identified key metabolic and hormonal changes 
associated with acute heat stress in broiler chickens that can be used to 
develop and assess effectiveness of strategies to improve heat tolerance, 
such as early life thermal conditioning .

Key Words: heat stress, respiratory alkalosis, acid-base balance, cor-
ticosterone, thyroid hormones

308   Effect of orally administered enrofloxacin on trace metal 
concentration in tissues of broiler chicken. Ayesha Razzaq and Irfan 
Zia Qureshi*, Quaid-i-Azam University, Islamabad, Pakistan.

The objective of this study was to investigate the subacute and chronic 
effect of enrofloxacin on trace metal concentration in whole blood and 
organs of broiler chicken . Two experiments were designed and carried 
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out on 30 twenty-day-old and 25 fifteen-day-old broiler chickens. Eight 
groups were formulated in total and were administered 10, 50, or 100 
mg/kg of enrofloxacin subacute and chronic doses. Control groups 
(0 .9% saline) were run in parallel . Birds were slaughtered on d 44 
of age and blood samples were drawn while tissues were removed to 
prepare digests for the detection of trace metal concentration through 
atomic absorption spectrophotometry . Data are reported as mean ± SEM . 
One-way ANOVA was applied to compare concentration of essential 
trace metals in control and treated groups . P < 0 .05 was considered 
statistically significant difference. Subacute administration of 10, 50, 
and 100 mg enrofloxacin for 7 d led to a significant increase (P < 0 .001) 
in Zn and Co concentration in liver and lungs respectively . While, same 
doses caused a significant decrease (P < 0 .001) in Zn level of blood 
and intestine. Level of Ni was also significantly decreased (P < 0 .001) 

in blood, intestine, kidney and lungs while Fe concentration showed 
significant (P < 0 .001) decline in liver after treatment with different 
doses of enrofloxacin. Mn concentration in lung and Cu concentration 
in muscle significantly (P < 0 .001) decreased as compared with saline 
treated groups. Chronic treatment with enrofloxacin doses resulted in 
slightly altered trace metal concentration in tissues . However, Mn, Zn, 
and Co levels were significantly increased in brain. While a significant 
decline was observed in blood Co concentration (P < 0 .001) . These 
results suggest that administration of sub-acute and chronic enrofloxacin 
doses resulted in marked alteration in trace elements concentrations not 
only in vital tissues but also in organs of gastro-intestinal importance . 
Based on our results, it is recommended that alternative dose regimes 
are necessary for different ages of broiler chicken for effective therapy .

Key Words: broiler chicken, trace metal, enrofloxacin
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309P   The ability of White Leghorns with trimmed comb and 
wattles to thermoregulate before, during, and after a heating epi-
sode.  Patricia Hester*1, Diya Al-Ramamneh2, and Heng-Wei Cheng3, 
1Purdue University, West Lafayette, IN, 2Jerash Private University, 
Jerash, Jordan, 3USDA-Agricultural Research Service, West Lafay-
ette, IN.

Egg-laying strains of pullets frequently have their combs partially 
trimmed at a young age to improve production traits . Dubbing, as trim-
ming of the comb is often referred to, may impair the ability of hens to 
thermoregulate . During hot weather, conductive cooling of the blood 
through vasodilation of superficial vessels of the comb facilitates heat 
exchange . The objective of this study was to examine the effects of 
partial comb and wattle removal on the ability of White Leghorn hens to 
thermoregulate before, during, and after heat stress . Pullets were either 
subjected to a partial trim of the comb and wattles using surgical scissors 
at 21 d of age or served as intact controls . When hens were 189 to 191 d 
or 27 wk of age, they were subjected to an environmental temperature 
that averaged 34 .6°C for 50 .5 h . Rectal temperatures and thermal images 
(FLIR Systems, Inc ., Nashua, NH, model number FLIR-T62101) of the 
wattle, comb, beak, left eye, and the left tarsometatarsus were collected 
before, during, and after the heat stress . Using a randomized design, data 
were subjected to an ANOVA employing the MIXED model procedure 
of the SAS . Correlation analysis was performed on rectal temperatures 
and temperatures recordings on body parts using infrared thermography . 
The wattle temperature of trimmed hens was reduced before, during, 
and following heat stress as compared with controls (P = 0 .0003) with 
wattle temperature of hens of both treatments paralleling ambient room 
temperature throughout the summer . The infrared temperatures of other 
body parts of the hen were unaffected by the trimming of the comb and 
wattles . At 48 h post-initiation of the heat stress, control hens (41 .38 
± 0 .04°C) had lower rectal temperatures than trimmed hens (41 .57 ± 
0 .04°C, P = 0 .001, one-way ANOVA) . Only shank temperature (r = 
0 .20, P = 0 .001) as measured through infrared thermography was cor-
related with rectal temperature . In conclusion, hens with trimmed comb 
and wattles were not able to thermoregulate as effectively as controls 
during heat stress as indicated by an increase in rectal temperature at 
48 h into the heating episode .

Key Words: comb trim, wattle trim, heat stress

310P   The effect of housing white layers in conventional cages 
versus enriched colony cages on stress and fear. Marcelo Moreira*1, 
Gregory S . Archer2, and Morgan B . Farnell1, 1Mississippi State Uni-
versity, Starkville, MS, 2Texas A&M University, College Station, TX.

The layer chicken industry is currently moving away from conventional 
cage housing and toward larger colony caging systems . However, the 
most common layer in the U .S .A . the Hy-line W-36s has been selected 
based on conventional housing systems . The effect of housing these birds 
in colony systems on stress and fearfulness has not been extensively 
investigated . To determine if there is an effect, 20-wk-old W-36 pullets 
were housed in enriched colony systems and conventional A-frame 
cages . Plasma corticosterone (n = 10) and composite physical asymmetry 
(n = 60) where used to determine stress and tonic immobility (TI) (n = 
60) and inversion (n = 60) were used to determine fear in each system . 
Each measure was done at the 23 weeks of age and 33 weeks of age . 
The corticosterone, asymmetry, and inversion data were analyzed using 
PROC GLM and the TI data were analyzed using the Kruskal-Wallis 
test. Significant differences were considered at P < 0 .05 . There was 

no differences observed (P > 0 .05) in corticosterone concentrations 
(20 .75 ± 8 .59 ng/mL), composite asymmetry score (1 .87 ± 0 .13 mm), 
latency to right during TI testing (259.3 ± 16.5 s), or intensity of flap-
ping during inversion testing (4.22 ± 0.19 flaps/sec) at 23 weeks of age. 
However, at 33 weeks of age differences were observed . Corticosterone 
concentrations (26 .7 ± 4 .9 ng/mL vs 11 .10 ± 3 .25 ng/mL) and composite 
asymmetry scores (2 .08 ± 0 .13 mm vs 1 .58 ± 0 .11 mm) were higher in 
the enriched colony birds than in the conventional cage birds (P = 0 .02 
and P = 0 .004, respectively) . While no difference was still observed in 
the latency to right during tonic immobility (284 .5 ± 19 .1 s, P > 0 .05), 
the enriched colony birds flapped more intensely during inversion than 
did the conventional cage birds (5.22 ± 0.10 vs 4.25 ± 0.36 flaps/sec, P 
< 0 .001) . The results indicate enriched colony birds were more stressed 
and more flighty than conventionally caged birds after being housed in 
the systems for several months . Furthermore, it appears that housing 
W-36 leghorns in enriched colony systems may not be desirable over 
conventional cages based on these results .

Key Words: layer, stress, fear, housing, cage

311P   Effect of perch material on perch use, hen welfare and egg 
production. MaryGrace Erickson*, Sydney L . Baker, Giuseppe Vez-
zoli, Patricia Y . Hester, and Maja M . Makagon, Dept. Animal Sciences, 
Purdue University, West Lafayette, IN.

Perch access promotes the performance of natural roosting behavior 
and bone strength . But it has also been linked to footpad damage, the 
incidence of which is affected by perch material and design . We evalu-
ated whether cork and AstroTurf, perch materials commonly used in 
raptor environments, are suitable perching materials for laying hens . 
Four 16-wk-old White Leghorn pullets were placed in each of 40 cages . 
Eight cage replicates were assigned to each of 5 treatments: no perch, 
softwood perch (W; 3 .2 cm diameter), metal perch (M; 3 .2 cm diameter), 
and metal perch covered with AstroTurf (AT; 5 .6 cm diameter) or cork 
(CO; 3 .4 cm total diameter) . Data were collected through 41wk of age . 
The proportion of hens perching was evaluated once a month at 1000, 
1400, and 2200 h and averaged by day and cage . Feather and footpad 
condition, and BW were assessed on 2 birds per cage . Egg production 
was averaged over 5 d per month, and the mass and shell quality of 
2 eggs per cage were evaluated . Perch use, BW, egg production, and 
shell quality data were analyzed using the GLIMMIX procedure in SAS 
with observation week and cage within treatment included as random 
variables . Consistently, higher proportion of hens perched on AT perches 
(74% overall average; all P < 0 .0001) than on CO (65%), M (58%) or 
W (63%) perches . More hens perched on CO than M (P = 0 .0006) . The 
BW and average production were consistent across treatment groups 
(all P > 0 .05) . Feather cover and footpads were in excellent condition 
for all hens . No consistent differences between treatments in egg weight 
or shell quality across weeks were found (all P > 0 .05) . In conclusion, 
AT perches were utilized more than other perch types and had no nega-
tive impacts on feather or footpad condition or egg production or shell 
quality . AT perches differed from others in overall circumference, grip, 
and texture . Additional research is needed to evaluate which one or 
combination of these properties influences perch use.

Key Words: laying hen, perch material, Astroturf, shell quality, footpad 
condition

312P   An individually fitted physical barrier device as a tool to 
restrict the birds’ access to certain environmental areas: Can their 
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use alter behavioral responses? Stefy Pellegrini1, Raul H . Marin*1, 
and Diego A . Guzman1,2, 1Instituto de Investigaciones Biológicas y 
Tecnológicas (CONICET-UNC), Córdoba, Argentina1, Instituto de 
Ciencia y Tecnología de los Alimentos, Facultad de Ciencias Exac-
tas, Físicas y Naturales, Universidad Nacional de Córdoba, Córdoba, 
Argentina, 2Department of Animal Science, Aarhus University, AU-
Foulum, Tjele, Denmark.

Social interactions have been extensively studied in poultry in a variety 
of environmental situations . Many studies allowed full social contacts 
between birds, but there are others in which the interactions are tested 
through barriers (wire mesh or glass), precluding birds to get full social 
contact . Thus, a situation where, according to their needs, some birds can 
get access to physical contact with conspecifics while others cannot, would 
be useful to expand the testing options for social interaction studies . We 
developed an individual physical barrier device (IPB) that is fitted on the 
birds to prevent them from passing across boundaries of metal mesh while 
IPB free birds can easily pass (delimiting their ambulation areas) . The 
prototypes showing greater efficacy consisted of a small metal bar placed 
in the bird’s back perpendicular to the sagittal plane that slightly exceeds 
the body width, held by a harness fitted by 2 elastic fabric bands around the 
wings’ base . To be useful, the IPB should allow natural birds´ movements 
without affecting the expressions of behaviors (non-invasive) . Thus, the 
aim of this study was to assess whether the IPB may alter adult Japanese 
quail behavioral responses using 4 classical but different test situations: 
Open-Field, Runway, Time Budget in Home Cage, and Sexual Interac-
tions. Open-field ambulatory behavior was affected 1 h but not 7 d after 
IPB was fitted, suggesting that 7 d (or less) are required to habituate to the 
device. After that period, IPB fitted birds showed no differences in any of 
the behaviors registered in the other 3 test situations when compared with 
birds that do not carry it . Findings suggest that after a brief habituation, the 
IPB does not affect main behaviors in adult quail . Thus, their use would be 
adequate to assess social interactions where IPB fitted birds are confined 
to certain areas while their IPB free counterparts can freely ambulate, get 
access and potentially interact with them . Its application could be expanded 
if an IPB device is also found suitable for other poultry species .

Key Words: social interaction, quail, behavioral test

313P   Divergent cloacal gland responses to short days in Japanese 
quail and short-term related consequences on social behavior and 
reproduction. Maria F . Dominchin, Juan M . Busso, Diego A . Guzman, 
Jackelyn M . Kembro, and Raul H . Marin*, Instituto de Investigaciones 
Biológicas 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, Argentina.

Exposure to short day photoperiod (SD) in Japanese quail reduced 
gonadal development, and consequently, their cloacal gland (CG) size, 
reproductive capacity and aggressive behaviors . Interestingly, not all 
quail fully responded to SD inhibition with some birds even showing no 
CG response. In a previous work, quail in SD were arbitrarily classified 
by their divergent CG development as either responsive (R) or nonre-
sponsive (NR), with NR males showing on average intermediate CG and 
testosterone values between R and long day photoperiod reared males 
(LD) . Herein we evaluated whether R and NR males differ in social 
interactions and reproductive potential while under SD . LD males were 
used as controls with full reproductive capacity . ANOVA, χ2 observed 
vs . expected, and proportion tests were used to detect differences at P 
< 0 .05 . First, during peak photoinhibition (5 wk after SP exposure) we 
assessed male-male aggressive interactions determining winners and 
losers . Individually-caged R, NR and LD residents received 5-min LD 
male intruder visits along 4 consecutive days . Next wk, same males 

received 10-min visits from a LD female partner along 3 d to determine 
whether those males could fertilize them . Male interactions showed 
that LD, NR and R residents respectively won 100, 64, and 0% of the 
fights and were able to fecundate 100, 100 and 17% of the females. 
Then, male-female encounters were again repeated 4 wk later to assess 
whether previous social interactions could modulate later reproductive 
performances during an initial photorefraction stage . Naive R, NR, and 
LD male residents were used as controls . Mounts, CG contacts, and 
fertility showed an R < NR = LD pattern. Copulatory efficiency (CE) 
was found higher in NR compared with R and LP quail . No effects of 
previous social interactions were detected . Findings suggest that while 
on SD, NR males are able to breed similarly to their LD counterparts 
regardless of the outcome of a previous social interaction . Potential 
differences in the expression of aggression between NR and LD males 
may underlie the observed differences in CE .

Key Words: photoperiod, social behavior, reproduction

314P   Coherent and synchronized ultradian rhythms in the loco-
motor activity of visually isolated adult female Japanese quail. Diego 
A . Guzman1,2, Ana G . Flesia3, Miguel A . Aon4, Stefania Pellegrini1, 
Raul H . Marin*1, and Jackelyn M . Kembro1, 1Instituto de Investiga-
ciones Biológicas y Tecnológicas (IIByT-CONICET), and Instituto de 
Ciencia y Tecnología de los Alimentos, Cátedra de Química Biológica, 
Facultad de Ciencias Exactas, Físicas y Naturales, Universidad Nacio-
nal de Córdoba, Córdoba, Argentina, 2Department of Animal Science, 
Aarhus University, AU-Foulum, Tjele, Denmark, 3Centro de Investiga-
ciones y Estudios de Matemática (CIEM-CONICET), and Facultad de 
Matemática, Astronomía y Física FAMAF, Universidad Nacional de 
Córdoba, Córdoba, Argentina, 4Division of Cardiology, Johns Hopkins 
University School of Medicine, Baltimore, MD.

Quail coveys are characterized by successive cycles of active phases 
(moving, foraging, observing) alternating with rest phases (resting, preen-
ing), presenting ultradian (<24h) rhythms . The temporal organization 
activity of groups of poultry chicks not only has been shown to present 
both circadian (24 h) and ultradian rhythms with periods ≤80 min, but also 
synchronization of activity among chicks within the group . However, indi-
vidual adult Japanese quail seem to exhibit greater inter-individual variabil-
ity in ultradian compared with circadian behavioral rhythms, which could 
be in part due to methodological limitations, given that ultradian rhythms 
can be difficult to detect in behavioral time series at an individual level. 
This study focuses on whether synchronized ultradian rhythms can occur 
along several days when adult individuals are visually isolated . Herein, we 
study high resolution locomotor time series of 24 Japanese quails sampled 
every 0 .5s in a home-cage environment during 6 .5 d . Applying an array of 
methods, including autograms, power spectra, autocorrelation, Enright’s 
periodogram, and wavelet analyses, we show that circadian as well as 
ultradian rhythms with periods of a fraction of the circadian cycle (12, 8, 
6, 4 .8, 4, 3, 2 .4, 2 h and lower) were found in all locomotor time series 
analyzed . In addition, these ultradian rhythms were fully organized in a 
coherent and synchronous way in all birds studied even though they were 
visually isolated from conspecifics. To our knowledge, this is the first time 
that long ultradian rhythms (≥2h) are shown to be also present in poultry 
behavior, and that physical and visual contact between birds is not neces-
sary for rhythm synchronization . Hence, our results support the contention 
that ultradian rhythms could be generated by an endogenous oscillator . 
Improving our knowledge on ultradian rhythms and for example whether 
a particular behavior is more probable to occur at a given time interval than 
another can have applied relevance for improving management practices .

Key Words: poultry, ultradian rhythm, circadian rhythm, locomotion, 
behavior
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315P   Comparative effects of in ovo versus subcutaneous vacci-
nation and pre-placement holding time on broiler processing yield. 
E . David Peebles*1, Taylor M . Barbosa2, Timothy S . Cummings2, John 
Dickson2, and Sharon K . Womack1, 1Mississippi State University, Mis-
sissippi State, MS, 2Zoetis, Research Triangle Park, NC.

Effects of the in ovo (i .o .) or subcutaneous (s .c .) vaccination of HVT 
vaccine (trt) and 4 and 18 h pre-placement holding times (pht) on 
the processing yield of male broilers through 49 d of age (doa) were 
investigated . Aviagen 708 broiler hatching eggs (3,900) were either 
i .o .-vaccinated at 18 d of incubation or chicks from eggs that were not 
i .o .-vaccinated were s .c .-vaccinated at hatch . The i .o . injections (50 µL) 
were delivered by a commercial multi-egg injector and s .c . injections 
(0 .2 mL) were delivered by an automatic pneumatic s .c . injector . The pht 
were imposed on chicks after vaccination . Twelve birds were assigned 
to each of 15 replicate floor pens belonging to each of the trt and pht 
combination groups (blocks) and were grown out through 48 doa . At 48 
doa, 6 birds were randomly selected from each replicate pen and were 
weighed and fasted for 16 h before being processed . At 49 doa, whole 
carcass, fat pad, breast, and tenders weights were recorded . Carcass 
weight as a percentage of live weight, and fat pad, breast, and tenders 
weights as percentages of both live and carcass weights were calculated . 
Data were subjected to 2 × 2 factorial analysis in a randomized complete 
block design . Only a main effect due to trt was observed for tenders 
weights as percentages of live and carcass weights . Tenders weight as 
a percentage of both live (P ≤ 0.01) and carcass weight (P ≤ 0.004) 
was higher in birds hatched from eggs that received i .o . rather than s .c . 
vaccinations . Mean tenders weight as a percentage of live weight in the 
i .o . and s .c . trt groups were 3 .82 ± 0 .048 and 3 .64 ± 0 .047, respectively, 
and mean tenders weight as a percentage of carcass weight in the i .o . 
and s .c . trt groups were 5 .33 ± 0 .064 and 5 .06 ± 0 .062, respectively . In 
conclusion, in comparison to s .c . vaccination, i .o . vaccination increased 
relative tenders weight yield, whether or not broilers were held for 4 
or 18 h before placement . Therefore, with regard to broiler processing 
yield, i .o . and s .c . vaccinations were safe for the administration of the 
HVT vaccine, with i .o . vaccination displaying a slight advantage .

Key Words: broiler, holding time, in ovo vaccination, processing yield, 
subcutaneous vaccination

316P   Cleaning and disinfection in broiler house: Efficiency and 
productivity against Campylobacter jejuni. Maria F . C . Burbarelli*1, 
Karoline D . Lelis1, Carlos A . Granghelli1, Carlos E . B . Merseguel1, 
Luiz F . Gastaldo4, Agatha C . P . Carão1, Gustavo V . Polycarpo1, and 
Roberto A . Bordin3, Andrezza M . Fernandes2, Maria E . G . Moro2, and 
Ricardo Albuquerque1, 1Universidade de São Paulo, Faculdade de 
Medicina Veterinária e Zootecnia, Pirassununga, São Paulo, Brazil, 
2Universidade de São Paulo, Faculdade de Zootecnia e Engenharia 
de Alimento, Pirassununga, São Paulo, Brazil, 3Centro Paula Souza-
FATEC, Mogi das Cruzes, São Paulo, Brazil, 4Universidade Anhembi 
Morumbi, São Paulo, São Paulo, Brazil.

The routine performance of cleaning and disinfection of facilities and 
equipment used in the broiler production is essential to maintain the high 
level of health of the flock by reducing the microbial load, still ensuring 
productivity of lots and consumer health . The aim of this study was to 
evaluate the productivity and the efficiency of cleaning and disinfec-
tion program for broilers challenged with Campylobacter jejuni . Two 
subsequent flocks were made, with 960 birds each, divided into 32 boxes 
with 30 birds each. In the first flock, all the birds were oral gavaged 

and administered 105 cfu/mL Campylobacter jejuni strain ATCC 33560 . 
Before placement of second flock, 2 cleaning and disinfection programs 
were performed: Proposed (high pressure washing with acid and alkaline 
detergent at 4%, application with backpack sprayer of glutaraldehyde 
disinfectant 250 g/L + formaldehyde 185 g/L at 0 .5% and disinfectant 
paraclorometacresol 210 g/L) and Common (low pressure washing with 
mild detergent to 4%) in 16 boxes each program . Both treatments were 
applied to all surfaces and equipment used in their respective boxes . 
In the second flock, total bacteria count was done before and after the 
cleaning and disinfection . Broiler performance was also evaluated . 
After carrying out the procedures, a lower total bacteria count was 
found in the proposed program in feeders (0 .67 vs 3 .42 log10/cfu cm2; 
P = 0 .0044), walls (0 .975 vs 3 .099 log10/cfu cm2; P = 0.0076) and floor 
(0 .143 vs . 3 .865 log10/cfu cm2; P < 0 .0001) . Birds housed under the 
proposed conditions had higher body weight (2 .717 vs . 2 .532 kg; P < 
0 .0001), weight gain (2 .610 vs . 2 .447 kg; P = 0 .002), feed intake (4 .903 
vs 4 .760 kg; P = 0 .035) and better feed conversion (1 .88 vs . 1 .95; P = 
0 .05) in the period of 1–42 d . Thus, the proposed protocol for cleaning 
and disinfecting provides greater reduction of bacterial load of broiler 
facilities and positively influences the productive performance of broilers 
challenged with Campylobacter jejuni .

Key Words: biosecurity, campylobacteriosis, disinfectant, facilities, 
health

317P   In vitro inhibition of Clostridium perfringens by seven 
strains of Bacillus subtilis. Anthony N . Frazier*, James T . Krehling, 
Laci O . Mackay, Katrina G . English, and Kenneth S . Macklin, Auburn 
University, Auburn, AL.

Necrotic enteritis (NE) is an economically important bacterial disease 
caused by Clostridium perfringens (CP) it is estimated to cost the US 
poultry industry $2 billion annually . Currently, antibiotics are used to 
control NE; however, due to the increased incidence of antimicrobial 
resistance among bacteria, the use of subtherapeutic levels of antibiot-
ics has been reduced . Moreover, there are limited vaccines available 
for NE . One possible solution in controlling NE is the application of a 
direct-fed microbial (DFM) diet infused with Bacillus subtilis (BaS) . An 
experiment was conducted to test the ability of 7 strains of BaS to inhibit 
the growth of CP . The CP strains tested came from one of 3 sources - 
environmental samples, gangrenous dermatitis (GD) cases or came from 
NE cases . Cultures of BaS and CP were grown on trypticase soy agar 
(TSA) with 5% sheep blood overnight in their respective environments 
at 37C . These cultures were then inoculated into brain-heart infusion 
(BHI) broth and incubated overnight at 37C . Ten µL of the BHI-BaS 
solution were pipetted onto cored TSA plates (1 BaS isolate per plate) 
and allowed to incubate for 3–4 h . Following the BaS incubation period, 
the cored TSA plates were overlayed with a solution consisting of 1 mL 
of the overnight BHI-CP broth and 7 mL of molten TSA (1 BaS strain 
per CP strain; 7 total plates per CP isolate) . The overlay plates were 
then incubated at 37°C in an anaerobic environment overnight . After 
which the zone of inhibition (ZI) created by BaS were then measured . A 
significant ZI was considered to be = 5mm. From this test, 4 BaS strains 
were found to cause significant inhibition among the environmental, GD 
and NE samples . These strains are designated AB01, AP206, AP183, 
and AP302. Future bird pen trials will be conducted to test the efficacy 
of these strains as probiotics for the treatment of NE in poultry .

Key Words: Clostridium perfringens, probiotic, antibiotic resistance, 
Bacillus subtilis
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318P   Effects of intermittent dried distillers grains with solubles 
inclusion on broilers challenged with a necrotic enteritis model. 
Laci B . MacKay*, James T . Krehling, William A . Dozier III, Anthony 
N . Frazier, Katrina G . English, and Kenneth S . Macklin, Auburn Uni-
versity, Auburn, AL.

Dried distillers grains with solubles (DDGS) may be used as a substitute 
for a proportion of corn in commercial broiler diets . Compared with corn, 
DDGS contain a higher concentration of non-starch polysaccharides, 
which may increase the viscosity of digesta . This increase improves 
the likelihood of a gastrointestinal disease such as necrotic enteritis 
(NE) to develop . A total of 480 Ross × Ross male chicks housed in 
battery cages (10 birds/pen) were randomly assigned to 1 of 4 dietary 
treatments (trt) for the starter (S) and grower (G) phases, respectively: 
(1) Control 0% DDGS (S,G); (2) 5% DDGS (S),10% DDGS (G); (3) 
0% DDGS (S),10% DDGS (G); or (4) 10% DDGS (S,G) . Birds were 
orally challenged with a 1-mL cocci cocktail (105) consisting of E. 
acervulina and maxima on d 18 followed by a 1 mL of 106 cfu/mL of 
C. perfringens (CP) on d 21–23 . Body weights (BW) were recorded 
on d 15 and 28 . On d 28, birds were necropsied and scored for NE and 
coccidiosis . Ceca contents were removed for CP recovery . Performance 
data and lesion scores were analyzed using GLM, if significant (P < 
0 .05) means were further separated using Duncan’s Multiple Compari-
son. BW, mortality, and feed intake were not significant throughout the 
trial. Feed conversion ratio (FCR) was not significant throughout the 
trial however, numerically diets containing 10% DDGS in the starter 
phase had poorer FCR. There were no significant differences between trts 
on cocci lesions. NE lesion scores were significantly higher in trts that 
contain inclusions of DDGS throughout the trial (trt 2, 0 .56; trt 4, 0 .59) 
when compared with the control (0.40). NE incidence was significantly 
higher in trt 4 (57%) and trt 3 (52%) when compared with the control 
trt 1 (37%) . Additionally, trts containing 10% DDGS inclusion in the 
starter phase had the highest incidence of NE at necropsy (56%) when 
compared with S = 0% (42%) and S = 5% (52%) . These data support 
the hypothesis that inclusion of DDGS throughout both the starter and 
grower phase have an effect on the development and severity of NE . 
Furthermore, the higher the inclusion level of DDGS in the starter diets, 
the greater the occurrence of NE .

Key Words: DDGS, necrotic enteritis, broiler

319P   Utilizing a poultry carbon footprint calculation tool to 
estimate and mitigate the greenhouse gas emissions from broiler 
complexes in different regions of Georgia. Claudia Dunkley*, Casey 
Ritz, Brian Fairchild, Brian Kiepper, and John Worley, University of 
Georgia, Athens, Georgia.

A study was conducted to evaluate the greenhouse gas (GHG) emissions 
from 3 broiler complexes located in: southern Georgia (SF), central 
Georgia (CF), and northern Georgia (NF) . The estimations of the GHG 
were done using a poultry carbon footprint calculation tool, designed 
to calculate emissions from broiler production houses, specifically 
broiler grow-out, pullet or breeder farms. Activity data from a specific 
year was collected from broiler grow-out farms in each complex . The 
activity data were then used to calculate the emissions from mechanical 
sources, non-mechanical sources, and electricity use . The calculation 
tool was also used to make several recommendations, which showed 
future emission projections for each of the farms involved in the study . 
These projections would allow the growers to reduce their annual emis-
sions. The results from the study showed that there were no significant 
differences (P < 0 .05) among the 3 complexes from non-mechanical 
sources . However, the study showed that farms in the southern region 
of the state had significantly higher (P < 0 .5) total GHG emissions 

(490 .5 kg CO2e/house/year) than the farms in the central and northern 
regions of the state (357 .7 and 336 .7 kg CO2e/house/year respectively) 
which were not significantly different. It was also observed that the 
projected emissions from mechanical sources, calculated after apply-
ing the recommendations, would result in significant reductions (P < 
0 .5) when compared with the current emissions . The total emissions 
from the farms in the central region of the state would be reduced from 
314 .6 kg CO2e/house/year to 187 .4 kg CO2e/house/year, after making 
adjustments based on the recommendations . The results from the study 
showed that GHG from poultry production farms may differ based on 
many different factors and location could be one factor .

Key Words: poultry, greenhouse gas, carbon footprint, calculation tool

320P   Impact of different light sources on egg layer pullet 
growth period. Petek Settar*1, Juliette Delabbio2, Ian Rubinoff1, Neil 
P . O’Sullivan1, and Jesus Arango1, 1Hy-Line International, Dallas 
Center, IA, 2ONCE Innovations, Plymouth, MN.

Unlike humans, poultry can see UV light because they have an extra set 
of cones in their eyes sensitive to this spectrum range . Some light emit-
ting diodes (LED) lamps provide a full spectrum of visible light includ-
ing light output in the UV range and therefore provide a more enriched 
light environment . Consequently, bird performance and behavioral 
response can vary significantly depending on the intensity and spectral 
characteristics of the light source in their rearing environment . Our study 
investigated the effect of incandescent (INC) and LED as light sources, 
the use of intermittent photoperiods and sunrise/sunset enrichments of 
the light program on bird growth performance and behavior. In the first 
phase of our study, we evaluated the effect of INC and dim-to-blue LED 
lamps from ONCE Innovations on Hy-Line W-36 parent pullet growth 
performance . Light intensity was measured with a hand-held light meter 
and all rooms were adjusted to a standard lux . Chicks were randomly 
distributed into 4 different treatments (TMT) at hatch . Each treatment 
had 240 chicks reared in two separate rooms as replicate . TMT1 was 
placed in INC rooms; TMT2 was placed in LED light rooms; TMT3 
was placed in LED light rooms with first week intermittent photoperiod 
(4L:2D × 4) application; and TMT4 was placed in LED light rooms 
with 30 minutes sunset/sunrise modification. Bi-weekly individual 
body weights, daily mortalities and injuries were collected . TMT3 with 
intermittent light application finished growth period with significantly 
(P > 0 .01) higher body weight compared with the others . TMT1 with 
INC showed lowest body weight gain throughout the grow period . 
Differences between TMT3 and TMT1 were 43 g and 15 .5 g at 14 and 
16 wk, respectively . Feather-pecking injuries were different between 
treatment groups though not considered as a contributing factor to final 
mortality . TMT1 with INC light showed a 10% rate of pecking injuries 
while the rest of the treatment groups had 0 .5% . LED lights resulted in 
superior body weight gains especially on the intermittent light group . 
LED resulted in less pecking behavior than INC .

Key Words: laying hen, body weight, light source, LED, intermittent 
light

321P   Study of individual variability with a novel portable scale 
for broiler chickens. Jordi Salvadó1, Jaume Coma1, Jordi Bonet1, and 
Pedro Medel*2, 1Grupo Vall Companys, Lleida, Spain, 2Imasde Ago-
ralimentaria, S.L., Madrid, Spain.

A novel system for measuring the individual weight of broilers in the 
farms has been developed and tested . The system is a portable scale 
(PS), and it allows weighting a sample of chickens within a farm barn 
in a quick and easy form, giving for an age the average weight, but also 
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the variability of weights . The system was tested in 54 farms, in which 
100 birds were weighed individually with the PS, and 50 birds with a 
classical scale in groups of 5 birds . The study was done with at differ-
ent ages . There was a good relationship between both system: Classical 
weight (kg) = 0 .993 PT weight (kg) + 0 .0236; R2 = 0 .9769 . Regarding 
the number of birds necessary for obtaining an average of weight of 
the barn, the coefficient of variability decreased with the sample size 
form 50–75 to 100–125 birds, but increased with more than 125 birds . 
Several studies were also done to study the variability of weights depend-
ing of the sex and genetic line (Ross vs Cobb) . Males or females alone 
showed less variability than when they were mixed (11 .27, 11 .55, and 
12 .62%, respectively, P < 0 .001) . Ross broilers showed more variability 
than Cobb or mixed broilers (12 .60, 11 .85 and 12 .00%, respectively, 
P = 0 .003) . It is concluded that PS is a novel and practical system of 
estimating the weight of animals in a barn, and also gives much more 
information about variability than classical weighing systems .

Key Words: portable scale, BW variability, broiler

322P   Colonization of mature laying hens with Salmonella 
Enteritidis using either oral or intracloacal inoculation. P . A . 
Adhikari*1, D . E . Cosby2, N . A . Cox2, and W . K . Kim1, 1University of 
Georgia, Athens, GA, 2United States Department of Agriculture, U.S. 
National Poultry Research Center, Athens, GA.

Mature laying hens are more difficult to colonize than young chicks. 
The objective of this study was to compare the oral (OR) versus the 
intracloacal (IC) routes of inoculation for colonizing 40-wk-old laying 
hens. In the first experiment, 32 laying hens were placed one per pen 
in conventional wire layer cages and allowed to adapt for a week, with 
ad libitum access to feed and water under a 16L:8D light regimen . All 
hens were challenged OR with 0 .1 mL of a 1 .6 × 108 cfu of Salmonella 
Enteritidis (SE) . Birds were euthanized after 14 d and the following were 
aseptically removed: ceca, ovary, spleen, and liver-gallbladder (LGB) . 
All samples were negative for Salmonella . In experiment 2, 14 hens 
were challenged OR with 1 .0 mL of 3 .3 × 108 cfu of SE and 14 were 
inoculated IC with 1 .0 mL of 3 .3 × 108 cfu of SE . Animal husbandry/
handling was the same as in experiment 1 . After 7 d, 7 of the OR hens, 
7 of the IC hens and 4 uninoculated (control) hens were euthanized 
and sampled as in experiment 1 and at 14 d, the remaining birds were 
sampled the same . After 7d, the recovery of SE with IC versus OR 
inoculation was ceca (100 vs . 86%), ovary (43 vs . 14%), spleen (57 vs . 
43%) and LGB (43 vs . 14%) . At 14 d, the respective recovery rate was 
ceca (43 vs . 14%), LGB (14% for both) and no recovery in the ovary or 
spleen . There was a higher incidence of recovery in the IC hens . These 
results suggest that mature hens over 40 weeks of age can be colonized 
(at least temporarily) after either an OR or IC challenge with a larger 
volume (0 .1 vs 1 .0 mL) and a higher number of cells . Once internalized 
the SE shows some translocation into other organs including the ovary, 
spleen,nal organs at 14 d . Short-term persistence of colonization and 
translocation limits the ability to do research with mature hens over 2 
weeks in duration

Key Words: Salmonella Enteritidis, laying hen, oral, intracloacal, 
colonization

323P   The usefulness of the natural phenols thymol and isoeuge-
nol to control the emergence of flies from Japanese quail manure. 
Raquel M . Gleiser1, M . Belén de Dio1, Moira Battán Horensitein2, and 
Raul H . Marin*3, 1Centro de Relevamiento y Evaluación de Recur-
sos Agrícolas y Naturales, IMBIV-CONICET (Facultad de Ciencias 
Agropecuarias), and Cátedra de Ecología, Facultad de Ciencias 
Exactas, Físicas y Naturales, Universidad Nacional de Córdoba, 

Córdoba, Argentina, 2Instituto de Diversidad y Ecología Animal 
(CONICET-UNC), Facultad de Ciencias Exactas, Físicas y Natura-
les, Universidad Nacional de Córdoba, Córdoba, Argentina, 3Instituto 
de Investigaciones Biológicas y Tecnológicas (CONICET-UNC) and 
Instituto de Ciencia y Tecnología de los Alimentos, Facultad de Cien-
cias Exactas, Físicas y Naturales, Universidad Nacional de Córdoba, 
Córdoba, Argentina.

Saprophagous flies are mechanical vectors of pathogens. Besides, their 
defecation and regurgitation soils equipment and structures and can 
reduce light levels of lighting fixtures leading to reductions in productiv-
ity, egg quality and welfare . A conventional method for pest control in 
the short term is the use of synthetic insecticides . However, their exten-
sive and widespread use promotes the development of resistance, and 
can negatively affect animals and the environment . Main components 
of plant essential oils were proposed as bio-friendly alternatives with 
a wide range of potential effects including pest repellent and biocide . 
This study evaluates whether direct spraying of thymol or isoeugenol 
on Japanese quail manure may affect the emergence of flies. Dropping 
samples from quails fed with a standard breeder ration were collected, 
placed in open plastic containers and sprayed with one of 6 treatments 
as follows: solutions of isoeugenol or thymol in ethanol at low (5 × 
10−5 mol) or high (4 × 10−4 mol) concentrations of each compounds, 
ethanol (control), or untreated manure (naïve control) . Each sample was 
exposed for 24 h in the quail production area to allow flies to oviposit, 
after which it was incubated inside an emergence cage that was inspected 
daily to collect emerging adult flies. ANOVAs and proportion tests were 
used to detect differences at P < 0 .05 . Droppings treatment with thymol 
significantly reduced the number of emerging Musca domestica and 
Ophyra aensencens compared with the other treatments . While Musca 
domestica took more days to emerge from those samples, O. aenes-
cens developed faster . From isoeugenol sprayed droppings emerged a 
significantly higher number of Coproica spp and Muscina stabulans, 
with no effects on M. domestica. Isoeugenol did not significantly affect 
adult emergence times . Spraying quail manure with thymol appears as 
an alternative for M. domestica control . The use of isoeugenol remains 
uncertain. Further confirmatory studies should be done in actual farm 
conditions and with other more economically relevant poultry species .

Key Words: poultry litter, pest control, essential oils, insecticide

324P   The effect of exposing layer and broiler eggs to red or 
white light during incubation. Katie Burt* and Gregory S . Archer, 
Texas A&M University, College Station, TX.

Commercial chicken eggs are often incubated in complete darkness, 
although in nature they would receive some light exposure . Previous 
work has shown that layer and broiler eggs filter light differently and 
that white light could improve hatchability in broiler eggs but not layer . 
It was hypothesized that due to the difference in pigment of the eggshells 
that utilizing red light would improve hatch in white eggs similarly to 
that observed in brown eggs using white light . To determine if there 
is an effect of exposing embryos to red or white we incubated chicken 
eggs (n = 2592) under either no light (dark), red light, or white light; 
the light level was 550 lx and equal numbers of layer and broiler eggs 
were used . Hatchability and embryo mortality was calculated along with 
counting the number of chicks hatched . Chicks were also evaluated for 
chick quality . White light was observed to increase (P = 0 .05) hatch of 
fertile (92 .5 ± 1 .3%) over dark and red light incubated broiler eggs (86 .1 
± 2 .2% and 86 .1 ± 2 .6%) . White light had no effect on hatch of fertile 
when compared with dark incubated white layer eggs (74 .9 ± 12 .8%); 
however, red light (88 .0 ± 4 .8%) showed a trend (P = 0 .07) to improve 
hatch of fertile over dark incubated white layer eggs . Chick quality was 
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improved in both brown and white eggs with any light exposure when 
compared with dark incubation . Brown eggs exposed to white (0 .85 ± 
0 .02) or red (0 .80 ± 0 .02) improved (P < 0 .05) the proportion of non-
defect chicks over dark (0 .52 ± 0 .02) incubated eggs . Similarly, white 
eggs show the same trend of white (0 .79 ± 0 .02) or red (0 .72 ± 0 .04) 
improved (P < 0 .05) the proportion of non-defect chicks over dark (0 .51 
± 0 .02) incubated eggs . Chick length was not affected (P > 0 .05) by any 
treatment with brown egg chick length averaging 189 .1 mm and white 
egg chicks averaging 183 .5 mm . These results indicate that red light is 
possibly the key spectrum to improving hatchability. Brown eggs filter 
out much of the remaining spectrum and white eggs do not possibly 
explaining why white light shows improvement in hatch in brown eggs 
but not in white eggs .

Key Words: incubation, light, spectrum, hatchability, chick quality

325P   Effect of regional and farm-raised protein feeds on per-
formance of free-range meat chickens. A . C . Fanatico*, Appala-
chian State University, Boone, NC.

In ecological poultry production, local or regional sources of feed are 
used to increase nutrient cycling on the farm and reduce transportation . 
While soybeans (Glycine max) are typically used as a protein feed for 
poultry, they need to be heat-treated due to anti-nutritional factors . 
Other farm-raised protein sources, such as field peas (Pisum sativum) 
and sunflower seeds (Helianthus annuus), do not require heat treatment 
and are of interest to small growers . Farm-raised feeds are particularly 
important to organic poultry producers due to the high cost of certified 
organic feed . A study was conducted to determine the effect of replac-
ing soybeans with field peas or sunflower seeds for free-range meat 
chickens . After brooding, pens of slow-growing hybrid chickens (7 
birds per pen) were randomly assigned to one of 3 treatments: roasted 
soybeans (SB), ground field peas (P), or shelled sunflower seeds (SF), 
with 4 replications . Birds were raised in small portable huts with access 
to pasture forage during the day . A choice feeding method was used in 
which birds self-selected from 2 feeds: protein (SB, P, or SF) and corn . 
A small measured amount of fishmeal was also provided daily with 
mineral and vitamin supplements . Separate feeders were used for corn, 
protein, and supplement . When birds reached market weight at 92 d, 
they were slaughtered on-site in a mobile processing unit, and yield 
data (carcass, breast, wing, leg, and rack) were collected . Data were 
subjected to ANOVA . Weight gain did not differ among treatments, 
while FCR improved in SF treatment (3 .25) compared with SB (4 .05) 
or P (4 .40) (P < 0 .05) . The extended growing period likely affected the 
feed efficiency overall. Carcass weight did not differ among SB, P, or SF 
treatments (1,417 g, 1,396 g, 1,436 g, respectively); nor did parts yield 
differ (P > 0.05). This data indicates that raw sunflower seeds can be 
fed to free-range chickens in place of heat-treated soybeans, providing 
a useful farm-raised protein feed for small poultry growers .

Key Words: free range, meat chicken, farm-raised feed, organic, broiler

326P   Spectrum lighting for layers in a commercial environ-
ment: Does a 60% red LED bulb work? Mikayla Baxter*, Brandi 
Sparling, and Greagoy Bedecarrats, University of Guelph, Guelph, 
ON, Canada.

Over the last 4 years, our team has designed the AgriLux LED-Red 
(LED-R), an LED bulb containing 60% red light to promote reproduc-
tion in layers . Our previous results indicate that in a small-scale research 
facility, light wavelength did not significantly affect egg production in a 
commercial strain of birds; however, higher amounts of red light were 
more effective at stimulating the reproductive axis and translated to 

increased estradiol production . The purpose of this experiment was to 
field test the effectiveness of the LED-R on a large scale. The bulb was 
installed in a commercial layer barn containing approximately 43,000 
Lohmann LSL-lite laying hens housed in colony cages . We monitored 
2 consecutive flocks and under the LED-R light, birds reached peak egg 
production at 98–99% from 27 to 29woa, production remained persistent 
and the flock was still at 90% production at 70woa when the birds were 
shipped out. After adjusting for weekly mortality, both flocks averaged 
approximately 335 eggs per hen over a 52-wk production cycle . Estradiol 
levels were measured as an indicator of ovarian activity . Interestingly, 
we observed a second increase in estradiol occurring between 45 and 
57woa, which may be contributing to high persistency of lay as birds 
aged . The LED-R bulbs did not negatively affect egg shell quality, nor 
did they appear to negatively impact stress or welfare as corticosterone 
concentrations were below what is considered physiologically stressed 
and the decrease in feather scores as birds aged was typical to what is 
seen in the industry. Body weight in both flocks was in line with that 
expected for this strain of birds, although with an average of 102g/
birds/day, feed consumption was at the low end of the predicted range 
suggesting LED-R bulb did not have a negative effect on growth and 
may reduce feed intake . In summary, in a large scale poultry house, 
with proper management techniques, the LED-R bulb was able to pro-
mote high level of production, while reducing electrical consumption 
compared with other light sources, leading to higher profit margins for 
the producer .

Key Words: LED, field trial, egg production, laying hen

327P   Effect of eggshell color in determining broiler embryo 
temperature by infrared thermometry and subsequent effects of 
different estimates of embryo temperature on eggshell conduc-
tance values. Opeyemi C . Olojede*, Filip S . D . To, Christopher D . 
McDaniel, and David E . Peebles, Mississippi State University, Missis-
sippi State, MS.

Several methods are used to estimate embryo temperature during incuba-
tion, including eggshell temperature readings (EST) . In 2 experiments, 
Ross × Ross 708 broiler hatching eggs were incubated at 37 .5°C dry 
bulb and 29.4°C wet bulb temperatures. The first experiment was con-
ducted to determine if the color of an eggshell affects EST due to its 
absorption of radiant energy when an infrared thermometer (IR) is used . 
Prior to set, eggshell color in L*, a*, and b* coordinates were measured 
at the equator of eggs . EST using an IR were recorded from 0 through 
18 d of incubation (DOI). EST was not influenced by eggshell color 
throughout the 0 to 18 DOI period (P > 0 .08) . Furthermore, in a second 
experiment, effects of using EST, air cell (ACT), and cloaca (CLT) 
temperatures as means to estimate embryo or internal egg temperature 
for the determination of eggshell conductance (GH2O) were evaluated . 
EST was determined using IR from 0 to 19 DOI . ACT was measured 
using a transponder from 12 to 19 DOI . CLT was determined using a 
transponder at 19 DOI. There was a significant correlation between the 
different methods for internal temperature estimation for the calcula-
tion of GH2O in the 12 to 19 DOI (r ≥ 0.99, P < 0 .0001), and 19 DOI 
(r ≥ 0.99, P < 0 .0001) time periods . Also, there was no difference in 
GH2O when ACT or EST represented internal egg temperature for both 
the 12 to 19 and 19 DOI time periods (P = 0 .49) . However, there was 
a significant difference in the calculated GH2O for the 2 time periods 
regardless of the internal temperature used (P < 0 .0001) . Furthermore, 
when only EST was used as internal egg temperature, the calculated 
GH2O for the different periods (0–12 DOI, 12–19 DOI, and 19 DOI) was 
significantly different (P < 0 .0001) . The lack of difference between the 
3 different methodologies of estimating internal embryo temperature 
for determining GH2O during 12 to 19 DOI, and 19 DOI suggests that 
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EST is adequate for the determination of GH2O, especially because shell 
color does not affect IR readings .

Key Words: eggshell conductance, eggshell color, incubation, broiler, 
air cell .

328P   The use of essential oils to combat northern fowl mites 
in poultry houses. Giuseppe Vezzoli*1, Grzesiek Buczkow2, Victo-
ria Cussen1, Patricia Hester1, and Maja Makagon1, 1Department of 
Animal Sciences, Purdue University, West Lafayette, IN, 2Department 
of Entomology, Purdue University, West Lafayette, IN.

The northern fowl mite (NFM), Ornythonissus sylviarum, is the most 
common ectoparasite of poultry in North America . NFM infestation in 
laying hens causes skin inflammation, skin lesions as well as reduced 
egg production and egg weights . Infestations are most commonly treated 
with pesticides . Although some essential oils are known to have an 
acaricidic effect on red mites (Dermanyssus gallinae), the effectiveness 
of such alternatives on the NFM has not been evaluated . We tested the 
effects of 6 essential oils (cade, garlic, lavender, lemongrass, pine, and 
thyme) on NFM survivability using toxicity tests . Petri-dishes (4 .5 cm 
diameter) were fitted with filter papers treated with ethanol, with ethanol 
and 1 of the essential oil (0 .21mg/cm2), or untreated . Approximately 
15 NFM were placed per dish (6 replicates/treatment) . Dishes were 
closed and left in a temperature controlled room at 26°C . Mite mortality 
was assessed under magnification at 0, 2, 4, 8, 12, and 24 h. Mortality 
between the treatment groups was assessed by a survival analysis (R 
version 3 .1 .1) using the ‘survival’ package . For each treatment group, 
a Kaplan-Meier estimate of the survivor function was calculated . The 
survival functions differed between treatment groups (log rank test Chi-
squared = 621 on 7 df, P < 0 .001) . A Cox proportional hazards model, 
with replicate included as a frailty term, indicated that cade (Chi-squared 
= 152), thyme (Chi-squared = 148), lemongrass (Chi-squared = 89), 
and garlic (Chi-squared = 19) had greater risk (P < 0 .001) of mortality 
compared with untreated controls, with overall mortalities of 100, 95, 
83, 73, and 24% respectively . Pine, lavender, and ethanol controls were 
not different from the untreated controls, and had overall mortalities of 
40, 31, 23, and 24%, respectively . The results highlight cade, thyme, 
lemongrass, and garlic essential oils as promising alternatives to pesti-
cides for combatting NFM infestation . Additional research is needed to 
assess how modality of essential oil administration (direct contact vs . 
contact with vapor) and concentration of application affect the acaricidic 
properties of these oils .

Key Words: poultry, northern fowl mites, essential oils, pesticide 
alternative

329P   In house windrow without rice hulls improves paw qual-
ity in broilers and increases compost nutrient level. David W . 
Sammons*1 and Donna M . Byers2, 1University of Tennessee Martin, 
Martin, TN, 2West Texas A & M University, Canyon, TX.

This field study sought to test whether consecutive broiler flocks can be 
successfully reared on in-house composted chicken manure without rice 
hull bedding . The objectives were to evaluate paw quality as a measure 
of flock success, monitor nutrient composition of the in-house compost, 
and evaluate the effect of water addition on windrow temperature . The 
in-house windrow composting was initiated after rearing birds on new 
rice hull bedding for the first flock. Rice hull bedding was not added to 
the compost between subsequent flocks and 100% of the manure from 
each flock was incorporated into the in-house compost. During transition 
time between flocks, 4 in-house windrows were made lengthwise in each 
poultry barn and one of the windrows was removed to maintain a com-

post bedding depth of 10–15 cm . A minimum internal windrow pathogen 
kill temperature of 54 .4°C was reached in every initial windrow . The 
addition of water resulted in initial windrow temperatures greater than 
54 .4°C and allowed multiple windrow turns that reached 54 .4 – 60°C . 
Nitrogen, phosphorous, and potassium (N-P-K) analysis for removed 
compost from 7 flocks ranged from 30.4–36.9, 30.9–46.7, 30.5–44.6 
kg/tonne, respectively, averaging 34–42–40 kg/tonne or 3 .3–4 .2%–4%, 
respectively . The incidence and degree of footpad dermatitis was evalu-
ated for each flock beginning with the third flock. Paw quality for each 
flock was scored on a percentage scale, with 2.3 being the optimum as 
determined by industry standards. Paws from 13 flocks were assessed 
and scores ranged from 1 .16 to 2 .2 showing a trend of improvement in 
successive flocks. Taken together, this data demonstrate that consecu-
tive flocks of broiler chickens can be successfully reared on in-house 
compost without rice hulls, on compost bedding that received water 
during flock transition. It further suggests that elimination of rice hulls 
from the compost bedding elevates N-P-K values .

Key Words: broiler, in-house, windrow, compost, paw

330P   Update of model to predict sensible heat loss in broilers. 
Marcos José Batista dos Santos*1, Nilva Kazue Sakomura1, Edney 
Pereira da Silva1, Juliano Cesar de Paula Dorigam1, and Robert 
Mervyn Gous2, 1Universidade Estadual Paulista, Faculdade de 
Ciências Agrárias and Veterinárias, Jaboticabal, São Paulo, Brazil, 
2Animal and Poultry Science, University of KwaZulu-Natal (UKZN), 
Durban, South Africa.

The determination of total heat production in broilers is an important 
step to predict the feed intake correctly . The model of Kettlewell and 
Moran was developed to predict the sensible heat loss (SHL, W) in 
broiler raised up to 2 .0 kg of body weight (BW, kg) . Thus, the aim of 
this research was to adjust the model coefficients to predict the SHL 
of broiler up to 4 .1 kg of BW raised in broiler house, considering the 
environmental variables: relative humidity (RH, %) and air temperature 
(t, °C) . The model considers the SHL as the sum of sensible heat loss 
to non-respired air (HS, W) and conduction (HC, W) . The HS was cal-
culated considering the sensible heat loss at 17°C from 4.1 kg (α, W), 
the body temperature (β, °C); t and volume factor of bird 0.595BW0 .75 
(φ, m3) as follows: HS = [α·(β − t)/(β − 17)].φ. The HC was modified 
to calculate the heat loss of the broilers in broiler house, consider-
ing the thermal conductivity of poultry litter (κ, W/m/°C); thickness 
of poultry litter (λ, m); temperature of poultry litter (ρ, °C); housing 
density (ω, m2); and area factor of bird 0 .63BW0 .67 (γ, m2) as follows: 
HC = κ /λ.(β − ρ).ω.γ. The parameter α of the HS was adjusted using 
data from literature and body temperature was obtained by a response 
surface equation (β = 46.10 − 0.425.τ − 0.031.RH + 0.118.v + 0.009τ2 + 
0 .0001 .RH2 + 0 .02 .v2 + .0008.τ.RH − 0.0069.τ.v − 0.0006.RH.v), where 
v = air speed . The models were evaluated by residual analysis using 
the database of 715 observations of SHL in broilers . The parameter a 
of HS model 10 .38 W . The HS values ranged from 0 .42 W for broilers 
with 100 g of BW at high temperature and RH (32°C and 50% RH) 
and 7 .22 W for broilers at (32°C and 80% RH) with 4 .1 kg of BW . HC 
values ranged from 0 .16 W for broilers with 100 g of BW at comfort 
conditions (32°C and 50% RH, 10 birds/m2 0.08 λ) and 8.3 W for birds 
thermal discomfort (32°C and 50% RH, 10 birds/m2, 0.08 λ). Based on 
the residual analysis of the HS and HC calculated by the models it was 
observed prediction bias, providing fairness to the model . The update 
models can be used to predict the SHL according to environmental 
measured in broiler houses .

Key Words: heat loss, environmental variable, mathematical model
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331P   Game camera and farmer scouting results at Delmarva 
broiler farm composters. Brigid A . McCrea*1, Lasheda A . Brooks1, 
Jon Moyle2, William R . Brown3, and Jenny Rhodes4, 1Cooperative 
Extension, Delaware State University, Dover, DE, 2University of 
Maryland Lower Eastern Shore Research and Education Center, Salis-
bury, MD, 3University of Delaware Carvel Research and Education 
Center, Georgetown, DE, 4Maryland Extension, Queen Anne’s County, 
Centreville, MD.

Biosecurity plays an important role in how farmers manage their farms . 
Vultures and other animals can travel back and forth to farms carrying 
diseases and parasites with them . We hypothesized that the most preva-
lent raptor seen on a composter would be a turkey vulture (Cathartes 
aura), rather than black vultures (Coragyps atratus), because of their 
olfaction capacity . To conduct this research, we used game cameras to 
track vulture sightings . Based on the 318 d of data, we found that the 
averages and minimum numbers of both vulture species established a 
pattern of prevalence between all 4 farms . Turkey vultures were seen 
for 59% (n = 187) of the days; black vultures were seen on 14% (n 
= 44) of the days; in 28% (n = 89) of the camera days the species of 
vulture could not be distinguished; and for 21% (n = 66) of the days no 
vultures were present at the broiler farm composter . The largest groups 
of vultures were seen in the morning and then again, less frequently, in 
the afternoon hours . Based on the farmer scouting results, the majority 
of the time (27 .7% of instances), vultures on the farm were seen on the 
manure structure which was often located near the composter . Other 
animals seen using the game cameras include cats, eagles, dogs, and 
foxes. The trial is currently ongoing so that seasonal influences on the 
farms can be assessed .

Key Words: broiler, composter, vulture, game camera, scouting

332P   Windrowing poultry litter after a broiler house is sprin-
kled with water. Dana Dittoe*, Christopher McDaniel, and Aaron 
Kiess, Mississippi State University, Mississippi State, MS.

In-house windrowing is a management strategy used to improve litter 
quality . Field trials at Mississippi State are evaluating the effect that 
sprinkler systems have on broiler performance . Therefore, the objective 
of this study is to determine if windrowing affects litter quality when 
a broiler house utilizes water sprinklers . One control and 3 windrow-
ing treatments were applied to a broiler house that had been sprinkled 
with water . The 4 treatments were a non-windrow control as well as 
a covered, a turned, and a static 9 d windrow . The broiler house was 
divided into sixteen 6 .1 m × 6 .1 m plots with each treatment being 
applied to 4 plots within the house . Litter from each plot was collected 
and analyzed for moisture, pH, particle size, nitrogen, phosphorous, 
potassium, and ammonia over a 20-d period . The results demonstrated 
that time affected potassium (P = 0 .02), phosphorus (P = 0 .0001), and 
ammonia (P = 0 .0002) . Nitrogen content was affected by treatment (P 
= 0 .02) . Additionally, a treatment by day interaction was determined for 
percent moisture (P = 0 .04) and pH (P = 0 .003) . Both potassium and 
phosphorus levels were found to reach their highest level on Day 13 . 
On Day 20, potassium levels fell but phosphorus levels remained the 
same . For ammonia, the data indicated that levels decease over time . 
The static 9 d windrow had the highest nitrogen level compared with all 
other treatments . Percent moisture and pH were highest in the covered 
windrow treatment on Day 4, but by Days 9 and 13, the percent moisture 
stabilized at around 40% . However, pH on Day 9 remained high in the 
covered windrow but by Day 13 no differences were detected among 
any of the treatments. Percent moisture and pH declined significantly on 
Day 20 compared with all other days, and the covered windrow had the 
lowest value for both percent moisture and pH on that day . In conclusion, 
windrowing litter when broiler houses are sprinkled with water changes 
the litter environment . However, best management practices should be 
used to ensure that the litter does not become too wet and further affect 
ammonia production and bird health .

Key Words: broiler, windrowing, sprinklers
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333P   The effect of significant scholarships and support services 
on recruitment, retention and graduation of underrepresented 
preveterinary students. Nüket Acar*, The Pennsylvania State Uni-
versity, University Park, PA.

Today, less than 13% of matriculating pre-vet students are of minority 
population and are not adequately recruited and enrolled in pre-veter-
inary fields to increase diversity at the professional degree levels. The 
main objectives of this study were to recruit high-achieving multicul-
tural high school seniors who have demonstrated interest in veterinary 
medicine; to provide them with a USDA-MSP scholarship; and to 
advise, retain, and graduate them with a degree in the pre-vet major at 
Penn State . The desirable outcome from the USDA-MSP Scholarship 
Program was to guide the scholars to gain admission to a veterinary 
college in the USA . The Project Leader (PL) encountered challenges at 
the recruitment level because high caliber students were being heavily 
recruited by institutions other than Penn State . Following a vigorous 
application and interview process, an offer was made to 3 students . 
After an orientation, the scholars were cluster-enrolled in classes and 
housed in a freshmen dorm where tutoring was provided . They were 
required to join the MANNRS and Pre-Vet Clubs, which both foster a 
sense of community and belonging and provide role models . Outside 
the classroom hands-on experiences in veterinary medicine, poultry and 
animal science were provided by the faculty mentors . The scholars were 
tracked by the PL . If any scholar was unable to maintain a minimum 
GPA of 2 .75, he/she was dismissed from the scholarship program and 
a replacement scholar was recruited to fill the vacant spot. Thus, there 
have been 6 scholars between 2011 and 2015 and only 2 of them have 
been successfully retained . Four unsuccessful scholars were given face-
to-face exit interviews . The reason for dismissal was poor academics, 
which were no different than students who are from the regular popula-
tion in the major: “spending excessive amount of time on social media 
and internet; and didn’t take full advantage of support services .” This 
presentation will address the challenges in recruitment and retention and 
brainstorm ways this program might be more successful .

Key Words: underrepresented, pre-vet students, recruitment, retention, 
scholarship

334P   Peer mentoring: A proven strategy for retaining and 
developing minority students pursuing science PhDs. Ed Smith*, 
David Bevan, and Steven Culver, Virginia Tech, Blacksburg, VA.

Here, we describe our peer mentoring activities that has formed a major 
component of the activities responsible for the success of 2 training 
grants established at Virginia Tech with funding from the National 
Institutes of Health (NIH) . The 2 training grants, the Initiative for Maxi-
mizing Student Development (VT IMSD) and the Post-baccalaureate 
Research and Education Program (VT PREP), have between them 25 
alumni who are now PhDs and 5 Assistant professors pursuing indepen-
dent academic careers . Our peer-mentoring program has consistently 
been ranked as a top attractive aspect of our training programs . In its 
basic format, our peer mentoring involved matching a new recruit with 
a “veteran graduate student” with significant accomplishments includ-
ing fulfilment of “testing requirements” for the PhD and the remaining 

activities being only dissertation research . The peer mentor does not 
necessarily have to look like our scholar or be of the same gender . The 
peer mentor, summarized in a one-liner by a previous participant, is 
the person who helps the female and male scholar solve the “where to 
get a panty hose” and “find a barber,” respectively, problems. For peer 
mentoring to work, our experience is that there has to be an incentive 
for the mentor beyond benevolence, experience, and good citizenship . 
An incentive was the monthly dinners we supported for the mentee 
and mentor . This support was provided as part of the institutional 
commitment to the training grants . Some of our earlier peer mentoring 
arrangements led to life-long friendships . The primary challenge in the 
mentor-mentee matching is the understanding of the personality of the 
new scholar: is he or she an introvert, what is the basic need that the 
peer mentor can help the scholar with? The mandatory monthly meal 
appears to help resolve concerns scholars may have about having a peer 
mentor . The primary impact of this arrangement is in retention: scholars 
are made to understand from their peers, not the program directors or 
others, that “graduate school can be like that” and “it will get better .”

Key Words: peer mentoring, training grant, underrepresented minori-
ties, graduate education

335P   An ombudsperson: A resource for increasing the likeli-
hood of retaining minorities in training programs at land grant 
institutions. Ed Smith*, Virginia Tech, Blacksburg, VA.

Among the many factors reported to influence minority persistence in 
the pursuit of doctoral degrees, especially in the sciences, is isolation 
and feeling powerless . As part of the resources to facilitate retention and 
development, we created a position of ombudsman to be a resource for 
trainees in 2 training grants funded by the NIH . The ombudsman has the 
unenviable task of becoming familiar with the challenges each scholar 
faces and to effectively help program directors resolve problems before 
they escalate into a full-blown emergency . Since 2004, our training pro-
grams, VT PREP (started in 2004) and VT IMSD (started in 2007), have 
had between them 3 ombudsmen from diverse backgrounds . Examples 
of scenarios/problems for effective use of the role for the ombudsman 
include letting the research mentor and program directors become aware 
in subtle ways of a scholar who becomes anxious about their progress, 
senses hostility in any part of their environment, or loses motivation 
for this, that, or the other . An effective ombudsman triangulates and 
is in many ways a friend to the scholar, the research mentor, and the 
program leadership to help each scholar reach the goals set forward in 
the individualized development plan (a core aspect of our training pro-
grams) . What the ombudsman should not be is another graduate advisor 
or general advisor . An additional advisor, especially given that graduate 
research training, like research itself, is highly individual and varies 
from investigator to investigator, adds to the challenges that the trainee 
faces: whose advice do you trust and follow or adopt? However, if done 
right, an ombudsman can be an effective tool for retaining students in 
both undergraduate and graduate development programs especially for 
underrepresented minorities .

Key Words: ombudsperson, training grant, underrepresented minori-
ties, graduate education
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336P   Withdrawn.

337P   Identification of the avian RBP7 gene as a new adipose-
specific gene and RBP7 promoter-driven GFP expression in adi-
pose tissue of transgenic quail. Jinsoo Ahn*1,2, Sangsu Shin1,3, 
Yeunsu Suh1, Ju Yeon Park4, Seongsoo Hwang1,5, and Kichoon Lee1,2, 
1Department of Animal Sciences, The Ohio State University, Columbus, 
OH, 2The Ohio State University Interdisciplinary Ph.D. Program in 
Nutrition, The Ohio State University, Columbus, OH, 3Life and Indus-
try Convergence Research Institute, College of Natural Resources 
and Life Science, Pusan National University, Miryang, Gyeongnam, 
Republic of Korea, 4Department of Biological Sciences, The Ohio 
State University, Columbus, OH, 5Animal Biotechnology Division, 
National Institute of Animal Science, RDA, Suwon, Gyeonggi, Repub-
lic of Korea.

The discovery of novel adipose-specific genes is essential to understand 
the functions of genes in adipose tissue growth and development . The 
objectives of this study were to identify a new adipose-specific gene 
using cDNA microarrays and to determine if the promoter region of a 
new adipose-specific gene can efficiently regulate gene expression in 
adipose tissue during development . We analyzed chicken cDNA microar-
ray data among various tissues followed by further confirmatory studies 
at protein and mRNA levels, leading to identification of retinol binding 
protein 7 (RBP7) as a novel adipose-specific gene in avian species. The 
chicken RBP7 promoter region was then examined by MatInspector 
software and several potential binding sites for adipogenic transcription 
factors were found . This led to the hypothesis that the RBP7 promoter 
can be utilized to overexpress a transgene in adipose tissue . A RBP7 
promoter-transgene [green fluorescent protein (GFP) gene] construct 
was cloned into a lentiviral vector, and lentiviral particles were pro-
duced by calcium phosphate co-precipitation . A total of 184 stage X 
embryos of newly laid eggs from Japanese quail were microinjected 
with the lentiviral particles and 17 hatchings (9 .2%) survived until 
sexual maturity . These mature quail were mated to generate 15 founder 
lines (G0 chimeras) . Finally, quail produced from 7 founder lines (G1) 
were identified as transgenic by PCR genotyping. The GFP expres-
sion in transgenic quail was specific to adipose tissue and increased 
after adipocyte differentiation (P < 0 .05) . This expression pattern was 
consistent with RBP7 expression, suggesting that the RBP7 promoter 
is sufficient to overexpress a gene of interest in adipose tissue at later 
developmental stages. These findings will lead to the establishment of 
a novel RBP7 promoter-transgene cassette, which can be utilized for 

overexpressing genes of interest in adipose tissue in vivo to study the 
function of genes in adipose tissue growth and development .

Key Words: adipose-specific, retinol binding protein 7 (RBP7), pro-
moter, transgenic quail, green fluorescent protein (GFP)

338P   SNP analysis to identify the size of the linked candidate 
region for the chicken wingless-2 mutation in a carrier population. 
Ingrid A . Youngworth*1, Elizabeth A . O’Hare2, and Mary E . Delany1, 
1University of California, Davis, Davis, CA, 2University of Maryland 
School of Medicine, Baltimore, MD.

The objective of this study was to further define the boundaries of the 
candidate region retaining the causative mutation of the autosomal 
recessive wingless-2 mutation (wg-2) maintained in the highly inbred 
congenic line, UCD-Wingless-2 .331 . The embryonic lethal mutation is 
maintained by crosses of the phenotypically normal heterozygous carri-
ers; affected homozygous progeny display multisystem developmental 
abnormalities, most notably absent wings . Currently, heterozygotes (+/ ) 
are bred inter se after determination of their genotype by sequencing of 
a tightly linked variant (SNP 390) with transmission status confirmed by 
test crossing. Analysis of recent mutant (−/−) progeny identified a 260 kb 
minimal region on chromosome 12 harboring the wg-2 mutation, though 
the candidate region was as large as 2 Mb in the breeding population 10 
generations ago. However, since no additional genotype-specific criteria 
were imposed other than SNP 390 genotype, the size (or range of sizes) 
of the wg-2 candidate region segregating in the carrier population is 
unknown . Herein we set out to investigate whether recombination has 
further reduced the candidate region size segregating in our population . 
The genotypes of the current carrier population were screened using 
6 SNP identified by the Beijing Genomics Institute (BGI) and previ-
ously verified by a capture array of wg-2 mutants . Results indicate that 
recombination events have occurred and as such have further reduced 
the minimum region linked to the wg-2 phenotype to a size slightly less 
than the 260 kb previously identified in homozygous mutant embryos 
(which of course are not available to employ in breeding) . Heterozygotes 
carrying the mutant chromosome with the smallest candidate region(s) 
will be selectively used for breeding and for the production of mutants for 
future experiments to determine and characterize the causative element . 
Research was supported by funds from the USDA-NIFA Multistate and 
National Research Projects, NC-1170 and NRSP-8, and the Henry A . 
Jastro Graduate Research Scholarship Award .

Key Words: SNP, mutation, wingless-2, genetics, breeding
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339P   Determination of maternally derived antibodies in prog-
eny of parents vaccinated with a live attenuated Mycoplasma gal-
lisepticum vaccine. Jeffrey D . Evans*, Scott L . Branton, Spencer A . 
Leigh, and Stephanie D . Collier, USDA-ARS Poultry Research Unit, 
Mississippi State, MS.

Following a challenge with a virulent strain of Mycoplasma gallisep-
ticum (MG), breeder chickens may pass maternal antibodies to their 
offspring via the egg . While their presence in the offspring is only 
short-lived, the antibodies may play an important role in protecting the 
developing embryo and young chick . Live-attenuated vaccines (LAVs) 
for MG are commonly applied to layer pullets within the commercial 
egg layer industry to protect against losses associated with challenges 
by virulent field strains of MG and certain MG LAVs elicit an easily 
detectible immune response in the vaccinated host . To evaluate the 
potential for the passage of maternal antibodies from hens vaccinated 
with an MG LAV to progeny, MG-free pullets and cockerels were 
obtained from a commercial source and were vaccinated at 10 wks 
of age with an MG LAV . They were maintained separately in an open 
house facility through 15 wks of age . At this time, the breeders were 
placed in a common breeder facility where they remained through 
study termination . Serum plate agglutination (SPA) assays utilizing MG 
specific antigen were utilized to assess the presence of IgM antibody in 
all study-related sera . At 5 wk intervals between 30 and 50 wk of age 
and at 60 wk of age, a random subsample (n = 20) of the parent birds 
were bled from the wing vein and eggs were collected and incubated 
for 22 d . At hatch, progeny were immediately sampled (<1 d of age) 
via the jugular vein . All (100%) parents tested during wk 30–50 were 
positive for MG-related IgM, but at wk 60 only 95% were SPA positive . 
Progeny testing per period averaged 117 ± 18 .25 chicks per sampling 
and demonstrated SPA positive rates of 74 .5, 94 .2, 81 .3, 92 .8, 90 .6, and 
88 .8% for wk 30, 35, 40, 45, 50, and 60, respectively . Results indicate 
both the immune response of the hens vaccinated with the MG LAV 
and the transmission of the associated maternally derived IgM antibody 
to the progeny .

Key Words: Mycoplasma gallisepticum, vaccine, egg transmission, 
maternal antibody

340P   Comparison of accuracy, cost, and starting cells counts of 
two methods for Histomonas meleagridis in vitro cell screen assays. 
Caitlin E . Harris*, Miguel A . Barrios, Anna P . Kenyon, and Robert B . 
Beckstead, University of Georgia, Athens, GA.

Histomonas meleagridis is an anaerobic protozoa and the causative agent 
of blackhead disease . Current methods used to grow H. meleagridis 
for in vitro experiments include 96-well plates or tissue culture flasks. 
Therefore, the objective was to determine which method had decreased 
error and higher consistency . Furthermore, cost analysis and initial start-
ing cell counts were studied . For the well method, there were 4 plates 
used, 3 replications per treatment, and the total volume (Dwyer’s media 
+ treatment) per well was 300 µL . Treatments used for this method were 
20,000, 15,000, 10,000, 8,000, 4,000, and 2,000 cells . Plates were incu-
bated at 42°C for 8, 16, 24, and 32 h. For the flask method, each flask 
represented a replication . Three replications were used per treatment 
and the total volume (Dwyer’s media + treatment) per flask was 11 mL. 
Treatments for this method were 200,000, 150,000, 100,000, 60,000, 
20,000, and 2,000 cells . Flasks were incubated at 42°C for 8, 16, 24, 
and 32 h . The range of cell numbers counted at each period was 0 to 5 
for the well method and 10 to 30 for the flask method. Loading error 

was a concern for the well method because if the hemocytometer was 
loaded incorrectly, cell counts were less accurate than compared with 
the flask method. Consistency was increased using the flask method 
because the same cells per replication were counted for each period 
compared with the well method where there were multiple plates used 
for each replication . Optimal starting cells counts were 20,000 cells 
per well and 100,000 – 200,000 cells per flask. Due to limited space in 
the 96-well plates, inoculating with 20,000 cells per well would likely 
expend the nutrients in the media before cells were to be counted . A 
range of 100,000 – 200,000 cells per flask makes the flask method 
more ideal because there is an improved margin of error . Cost analysis 
revealed that the well method reduced overall cost . Further research 
may include testing alternative products that may be used to prevent 
blackhead disease in turkeys .

Key Words: blackhead disease, Histomonas meleagridis, in vitro cell 
screen assay, turkey, broiler

341P   Effects of essential oils on lipopolysaccharide-induced 
acute-phase response in broiler chickens. Encun Du*, Changwu Li, 
and Yuming Guo, China Agricultural University, Beijing, China.

One experiment was carried out to evaluate the modulatory effects of 
essential oils (EO) on lipopolysaccharide (LPS)-induced acute-phase 
response in broiler chickens . The EO used in the present study was a 
combination of thymol and carvacrol . One hundred and 40 4 broiler 
chickens (7-d old) with similar weight were randomly allocated to 4 
treatments following a 2 × 2 factorial arrangement to study the effects of 
EO addition (with or without EO at 60mg/kg corn-soybean basal diet), 
LPS injection (with or without LPS injection) and their interactions . 
Each treatment group consisted of 6 replicate cages with 6 birds per 
cage . On d 15, 17, 19, and 21, birds were injected intraperitoneally with 
LPS at 1mg/kg of BW, or the same amount of sterile saline . One bird 
from each replicate was euthanized for sampling at 8 h after the final 
injection on d 21 . RNA was extracted from spleen for RT-PCR . Data 
were analyzed using the GLM procedure of SAS software . During d 7 to 
21 and d 14 to 21, repeated LPS injections significantly decreased BW 
gain and feed intake (P < 0 .05), but didn’t affect feed conversion ratio 
(P > 0 .10) . The relative weight of spleen (P < 0 .05) and liver (P < 0 .10) 
was increased after LPS injections . Besides, LPS injections enhanced 
the gene expression of IL-1β in spleen (P < 0 .05) . Dietary supplemen-
tation of EO had no influence on growth performance and lymphoid 
organ weight of broiler chickens (P > 0 .10) . However, gene expression 
of TNF-α and TLR-4 was downregulated (P < 0 .05) in spleen with the 
addition of EO, and the gene expression of anti-inflammatory cytokine 
IL-4 was upregulated significantly (P < 0 .05) . In conclusion, immune-
modulatory effects of EO against LPS challenge was significant, and 
the TLR-4 and downstream signaling pathways might be associated 
with the immune-modulatory effects of EO .

Key Words: broiler, lipopolysaccharide, essential oil, spleen, 
inflammation

342P   Effects of essential oils on growth performance and intes-
tinal functionality during a coccidial vaccine challenge in broiler 
chickens. Encun Du*1, Todd J . Applegate2, Yuming Guo1, G . Raj 
Murugesan3, Qian Zhang2, Xi Chen2, and Susan D . Eicher4, 1China 
Agricultural University, Beijing, China, 2Purdue University, West 
Lafayette, IN, 3Biomin America Inc., San Antonio, TX, 4USDA-ARS, 
West Lafayette, IN.
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This study was conducted to evaluate the modulatory effects of essential 
oils (EO) on growth performance and intestinal functionality during a 
coccidial vaccine challenge in broiler chickens . The EO blend used in the 
present study contained oregano oil, anise oil and citrus oil . A total of 168 
broiler chickens were randomly distributed to 4 treatments, following a 
2 × 2 factorial arrangement to study the effects of EO addition (with or 
without EO at 125mg/kg basal diet), coccidial vaccine challenge (with 
or without a 20 × recommended dosage of coccidial vaccine challenge) 
and their interactions . Each treatment group consisted of 6 replicate cages 
(7 birds per cage) . On d 14, birds were orally administered with mixed 
Eimeria vaccine or water . On d 21, one bird from each replicate was 
euthanized. During the first wk post challenge, BW gain (P < 0 .05) and 
feed intake (P = 0 .055) were reduced, and feed:gain ratio was increased 
(P < 0.05) in challenged birds, as was reflected in jejunal morphology as 
evidenced by shorter villi, deeper crypt and decreased goblet cells (P < 
0 .05) on d 21 . Besides, the activity of jejunum mucosal sucrase was inhib-
ited in challenged birds (P < 0 .05) . Coccidial challenge also upregulated 
the gene expression of inflammatory cytokines (IFN-γ and IL-1β) and 
downregulated the gene expression of occludin (P < 0 .05) . However, the 
expression of inflammation related genes were not influenced by coccidial 
vaccine challenge in cecal tonsils (P > 0 .10) . In the present study, dietary 
supplementation of EO did not improve growth performance, jejunal 
histological parameters, mucosal disaccharides activity, or intestinal 
lesions (P > 0 .10) . Further, EO addition had no effect on gene expression 
of IFN-γ, IL-1β and occludin (P > 0 .10) in the jejunum . However, EO 
decreased oocyte numbers in the excreta and alleviated bloody diarrhea 
on d 21 (P < 0 .05) . In conclusion, EO did not completely alleviate the 
retarded growth performance and the impaired intestinal functionality 
caused by coccidial vaccine challenge in the present study .

Key Words: broiler, essential oil, coccidial, intestine, inflammation

343P   Effect of feeding a live yeast and a combination of organic 
acids and essential oils on Campylobacter colonization in broilers. 
Marta I . Gracia1, Oscar Casabuena1, Fernando Sánchez2, Julie Mayot3, 
and Pedro Medel*1, 1Imasde Agroalimentaria, S.L., Madrid, Spain, 
2Explotaciones Avícolas Redondo, Pantoja, Toledo, Spain, 3FIA, 
Paris, France.

An experiment was conducted within the EU-FP7 project CAMPYBRO 
to evaluate the effect of a live yeast (S. cerevisiae, Product A) and a 
blend of organic acids and essential oils (Product B) added to the feed 
on Campylobacter counts in broilers . There were 3 treatments applied 
from 1 to 42 d of age, T1: Positive controls (Campylobacter, no addi-
tives), T2: T1 + Product A at 50 g/t and T3: T1 + Product B at 5,000 
g/t . A total of 126 one-day-old Ross 308 broilers (half male and half 
female) were divided into the experimental treatments . At 14 d of age, 
all broilers were orally gavaged with 100 µL of a solution containing 
1 × 105 cfu/mL of ST-45 C. jejuni strain . On d 21, 35 and 42, ceca 
from 12 birds per treatment were collected and Campylobacter counts 
determined (ISO 10272) . Data expressed as log10 cfu/g ceca content 
were first tested for normality and then analyzed by GLM procedure of 
SPSS v.19.0. No significant differences in the Campylobacter counts 
were observed between treatments at any of the times evaluated: 21 
(7 .40, 7 .77 and 7 .32 log10 cfu/g; P = 0 .67), 35 (7 .38, 7 .13 and 7 .03 log10 
cfu/g; P = 0 .74) and 42 d of age (7 .71, 7 .44 and 7 .83 log10 cfu/g; P = 
0 .40), for control, Product A and Product B treatments, respectively . It 
is concluded that the live yeast and the combination of organic acids 
and essential oils tested did not affect Campylobacter jejuni population 
under the experimental model assayed .

Key Words: S. cerevisiae, organic acids, essential oils, Campylobacter 
jejuni, broiler

344P   Peritoneal exudate cells as a potential source of primary 
dendritic cells. Christine N . Vuong*1, Wen-Ko Chou2, and Luc R . 
Berghman1,2, 1Department of Veterinary Pathobiology, Texas A&M 
University, College Station, TX, 2Department of Poultry Science, 
Texas A&M University, College Station, TX 77843.

Dendritic cells (DCs) are important antigen presenting cells and are the 
least characterized immune cell within the chicken . To obtain chicken 
DCs, current protocols require the isolation of bone marrow myeloid 
progenitor cells and the induction of dendritic cell differentiation with 
GM-CSF and IL-4 cytokines . Chicken peritoneal exudate cells (PECs) 
have traditionally been a source of various immune cells for ex vivo 
studies, primarily heterophils and macrophages . In this study, we observe 
the presence of dendritic cells within the PEC as an alternative method 
to isolate and study chicken primary DCs . Chickens were intraperito-
neally injected with Sephadex and their immune cells isolated from 
flushed peritoneal cavities 42 h post-injection. From the pool of PECs, 
macrophages were removed by plastic adherence and the non-adherent 
portion screened for the presence of DCs . We found cells positive for 
expression of CD205 (a dendritic cell marker) via ICC of fixed PECs 
and RT-PCR . This suggests PECs can be used as a source of CD205+ 
dendritic cells for study in the chicken system .

Key Words: dendritic cell, CD205, peritoneal exudate cell

345P   Withdrawn. 

346P   Dietary live yeast supplementation attenuates lipopoly-
saccharide-induced inflammation in broilers. W . W . Wang*1, W . 
L . Ren1, Z . Li1, Y . M . Guo1, B . Zhang2, and R . D’inca3, 1College of 
Animal Science and Technology, China Agricultural University, Bei-
jing, China, 2Phileo Lesaffre Animal Care, Beijing, China, 3Phileo 
Lesaffre Animal Care, Lille, France.

The experiment with 3 × 2 factorial arrangement was carried out to evaluate 
the effects of supplemental live yeast (LY, Saccharomyces cerevisiae) on 
inflammatory responses induced by lipopolysaccharide (LPS) in broilers. 
The 2 treatments are dietary supplementation with live yeast at 0, 0 .05% 
or 0 .50% and immunological challenge with injection of saline or LPS 
at 1 .5 mg/kg of body weight, respectively, on every other day between 
21 and 27 d of age . Each treatment has 8 replicates of 10 birds . Samples 
were respectively obtained at 3 and 8 h post the first challenge (PFC) and 
last challenge (PLC) . Results showed that dietary LY did not affect (P 
> 0 .05) relative spleen weight and serum IgA and IgM levels regardless 
of immunological status, but tended to elevate (P = 0 .083) serum IgG 
level at 3 h PFC . Supplemental LY at 0 .05% elevated (P = 0 .037) serum 
α-acidoglycoprotein level in unchallenged birds and LY at 0.50% alleviated 
(P < 0 .05) LPS-induced increase (P < 0 .05) in serum lysozyme activity at 
3 h PFC . Splenic TLR4 expression of unchallenged birds was enhanced 
(P < 0 .05) by supplemental LY at 0 .05%, which also reduced (P < 0 .05) 
splenic IL-1β expression 8 h after challenge when LPS ballooned (P < 
0 .05) it . Supplemental LY at 0 .05% lowered (P < 0.05) splenic IL-1β and 
NF-κB expression at 8 h PLC when elevated (P < 0 .05) by LPS challenge . 
Comparatively, supplemental LY at 0 .50% relieved (P < 0 .05) LPS-induced 
splenic TLR4 overexpression (P < 0 .05) at 3 h PFC, enhanced (P < 0 .05) 
LPS-induced upregulation (P < 0 .05) of splenic IL-10 expression 3 h after 
challenge, and reduced (P < 0.05) splenic IL-1β and TLR4 expression at 8 
h PFC when elevated (P < 0 .05) by LPS challenge . In conclusion, supple-
mental LY at 0 .05% boosted humoral immunity of broilers, while supple-
mental LY at 0.50% attenuated the LPS-induced inflammation probably 
through suppressing TLR4 pathway and upregulating IL-10 expression .

Key Words: live yeast, lipopolysaccharide, inflammation, TLR4, IL-10
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347P   Effects of live yeast on immune response and intestinal 
morphological structure in lipopolysaccharide-challenged broil-
ers. W . W . Wang*1, W . L . Ren1, Z . Li1, Y . M . Guo1, B . Zhang2, and R . 
D’inca3, 1College of Animal Science and Technology, China Agricul-
tural University, Beijing, China, 2Phileo Lesaffre Animal Care, Bei-
jing, China, 3Phileo Lesaffre Animal Care, Lille, France.

The experiment with 3 × 2 factorial arrangement was carried out to 
evaluate the effects of supplemental live yeast (LY, Saccharomyces 
cerevisiae) on immune response and intestinal morphological structure 
in lipopolysaccharide (LPS)-challenged broilers . The 2 treatments 
are dietary supplementation with live yeast at 0, 0 .05% or 0 .50% and 
immunological challenge with injection of saline or LPS at 1 .5 mg/kg 
of body weight, respectively, on every other day between 21 and 27 d 
of age . Each treatment has 8 replicates of 10 birds . Serum samples were 
obtained at 3 h post the first and last injection, whole blood and intestine 
samples were collected at 24 h post the last injection . Results showed that 
LY addition did not affect (P > 0 .05) growth performance, lymphocytes 
proliferation and monocytes phagocytosis regardless of immune status . 
LPS tended to reduce (P = 0.071) serum anti-NDV titers after the first 
injection, but it was enhanced (P = 0 .024) by dietary supplemental LY at 
0 .05% . LPS tended to lower (P < 0 .10) jejunal villus height (VH), ileal 
villus surface area and reduced (P = 0 .019) ileal VH . Supplemental LY at 
0 .50% reduced (P ≤ 0.05) the crypt depth (CD) and increased (P ≤ 0.05) 
the ratio of VH/CD of jejunum and ileum, while LY at 0 .05% elevated (P 
≤ 0.05) ileal villus width and villus surface area, and tended to relieve (P 
= 0 .097) LPS-induced increase (P = 0 .024) in ileal secretory IgA level 
and reduce (P = 0 .08) ileal Escherichia coli, along with a attenuation (P 
= 0 .001) of LPS-induced increase (P < 0 .05) in serum diamine oxidase 
activity post the first injection. In conclusion, supplemental LY at 0.05% 
improved humoral immunity and LY at 0 .50% relieved LPS-induced 
injuries of intestinal morphological structure in broilers .

Key Words: live yeast, broiler, immunity, intestinal morphological 
structure, lipopolysaccharide

348P   Development of a dry medium selective for the isolation of 
Histomonas meleagridis. Miguel A . Barrios*, Anna P . Kenyon, Cait-
lin E . Harris, and Robert B . Beckstead, The University of Georgia, 
Athens, GA.

Blackhead disease results in mortality rates of 100 and 30% in turkeys 
and chickens, respectively . Blackhead disease is caused by Histomonas 
meleagridis, an anaerobic protozoan parasite . H. meleagridis is currently 
studied in laboratory settings using Dwyer’s medium . Blackhead dis-
ease outbreaks are unpredictable and the harvesting of H. meleagridis 
strains from the field would be a significant resource for researchers to 
study the epidemiology of blackhead disease . Therefore, the objective 
of this study was to develop a dry medium, which would allow storage 
at warm temperatures over a long period . Dwyer’s medium consists of 
M199 cell medium, sodium bicarbonate and rice powder, which are all 
dry compounds . Dwyer’s medium also contains horse serum . To prepare 
a complete dry medium, horse serum was dried down using a speed 
vacuum . All these compounds were combined, weighed, and placed in 
cell culture flasks. To test the viability of the fresh dry media, 10 flasks 
of dry media were kept at 25°C and 60°C overnight, and fresh liquid 
media served as the control. To test the longevity of the dry media, flasks 
were stored at 25°C, 37°C, and 42°C for 1, 3, and 6 mo . Fresh media 
was the control. Dry media was rehydrated with tap water. Each flask 
was inoculated with 100,000 cells of an H. meleagridis strain obtained 
from a field outbreak. Cells were counted after 24, 48, and 72 h using a 
Neubauer hemocytometer . When comparing fresh dry and liquid media 
at different temperatures, all treatments performed similarly (P > 0 .05) . 

After the dry media was stored for 1 mo, all dry media had similar cell 
counts, while fresh liquid media had nearly double the amount of cells (P 
< 0 .05) . When dry media was examined at 3 mo, all dry media performed 
alike; furthermore, all dry media had similar counts as the control after 
72 h . Taken together these results show that this dry medium may be 
used as an epidemiological tool to obtain H. meleagridis samples from 
the field. Further work may be necessary to establish the longevity of 
dry media at cool temperatures .

Key Words: blackhead disease, Histomonas meleagridis, Dwyer’s 
media, turkeys, in vitro

349P   Effect of feeding polyphenols on Campylobacter counts in 
broilers. Patricia Vázquez, Carlos Millán, Silvia Porras, Jaime Sán-
chez, and Pedro Medel*, Imasde Agroalimentaria, S.L., Madrid, Spain.

An experiment was conducted to evaluate the effect of a blend of poly-
phenols (PPh; 1% hydroxybenzoic acids) added to the feed on cecal 
Campylobacter counts in broilers . There were 2 treatments applied from 
1 to 42 d of age, T1: Positive controls (Campylobacter, no additives) 
and T2: T1 + PPh at 4 kg/t from 0 to 21 d and 8 kg/t from 21 to 42d . A 
total of 60 one-day-old Ross 308 broilers (half male and half female) 
were divided into 2 floor pens with wood shavings as litter material, 
1 pen/treatment . At 7 d of age, 3 randomly selected broilers per pen 
were orally gavaged with 100 µL of a solution containing 1 × 105 cfu/
mL of ST-45 C. jejuni strain . On d 21 and 42, ceca from 12 birds per 
treatment were collected and Campylobacter counts determined (ISO 
10272) . Data expressed as log10 cfu/g ceca content were first tested for 
normality and then analyzed by GLM procedure of SPSS v .19 .0 . Cam-
pylobacter counts were significantly reduced by PPh supplementation 
at 21 (9 .36 vs 8 .45 log10 cfu/g; P = 0 .013) and 42 d of age (9 .48 vs 6 .53 
log10 cfu/g; P = 0 .001) . It is concluded that supplementation of broiler 
diets with a blend of polyphenols is effective reducing Campylobacter 
jejuni at cecal level .

Key Words: polyphenol, Campylobacter jejuni, broiler

350P   The effect of the incorporation of two cysteines in hemag-
glutinin transmembrane on the virological features and immunity 
of H9N2 influenza viruses. Chunyi Xue*1, Kang Liu1, Yang Wang1, 
Qiliang Liu1, George Dacai Liu2, and Yongchang Cao1, 1State Key 
Laboratory of Biocontrol, Life Sciences School, Sun Yat-sen Univer-
sity, Guangzhou, Gaungdong, China, 2Firstline Biopharmaceuticals 
Corporation, Redmond, WA.

H9N2 influenza viruses circulating in chickens are low pathogenic. They 
could lead to the outbreak of avian influenza, which has great effect 
on China’s poultry industry . Vaccination is the main defense against 
influenza virus, but current vaccines would lose their effectiveness when 
vaccine strains are mismatched with circulating strains . Comparison of 
hemagglutinin (HA) amino acid sequences showed that H3 subtype HA 
contains 2 particular cysteines in transmembrane (TM) domain, while 
H9 subtype HA has no cysteines in the corresponding sites . Our early 
study showed that the TM cysteines in H3 HA have profound effects on 
the virological features and immunity of H3N2 viruses . In present study, 
2 recombinant H9N2 mutant viruses were generated by the mutations of 
2 HA TM cysteines or the replacement of HA TM domain of H9 with 
that of H3 in the background of A/Chicken/Guangdong/69/2009[H9N2] 
using reverse genetics . Further characterization revealed that the intro-
duction of cysteines in HA TM did not affect the virus assembly and 
growth, but the recombinant H9N2 mutant viruses exhibited smaller 
plaque sizes, decreased growth rate in cells, reduced fusion activity, 
enhanced thermal and acidic resistances, and decreased virulence in 
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embryonated eggs . BALB/c mice and SPF chickens were immunized 
with H9N2 recombinant virus inactivated vaccine, and the results 
showed that the mutant virus vaccine induced higher levels of antibody 
titer, and provided better protective efficacy when the animals were 
challenged with different branches of H9N2 viruses . The results dem-
onstrated that HA TM is closely related to the virological features and 
immunity of H9N2 viruses. These findings would help the development 
of broad-spectrum H9N2 influenza vaccines.

Key Words: H9N2 influenza virus, hemagglutinin, transmembrane 
domain, cysteine, immunity

351P   Intestinal luminal interleukin-10 during Eimeria infection 
in chickens. Maria K . Arendt*, Jordan Sand, and Mark E . Cook, Uni-
versity of Wisconsin-Madison, Madison, WI.

Previous data showed intestinal mucosa interleukin-10 (IL-10) mRNA 
is upregulated after a coccidia infection . While the role of intraepithelial 
IL-10 during coccidia infection is not fully understood, the presence of 
IL-10 receptors on the apical surface of enterocytes suggest a function 
of luminally secreted IL-10 . A study was conducted to measure luminal 
IL-10 during coccidia infection and the role of feeding an anti-IL-10 
antibody on luminal levels . Chicks were fed a diet with or without 
anti-IL-10 (0 .341g/kg feed as egg yolk powder starting at d 1 of age) 
and with or without 10× dose of Advent coccidiosis vaccine (Eimeria 
acervulina, Eimeria maxima, and Eimeria tenella) at 3 d of age (2 × 2 
factorial arrangement of treatments) . Ten pens of 10 chicks were assigned 
to each of the 4 treatments in battery brooders with raised wire floor. 
Intestinal luminal samples were collected from the duodenum, jejunum, 
ileum, and cecum on d 3, 5, 7, 10, 13, 16, 19, and 22 . Diluted samples 
(1:5 in phosphate buffered saline) were centrifuged, analyzed for total 
protein, and the IL-10 was determined using a capture ELISA . At d 5, 
dietary anti-IL-10 decreased the amount of IL-10 in the lumen of the 
ileum from 0 .093 to 0 .042 µg IL-10/mg protein (P < 0 .05) . On d 10, 
luminal IL-10 was lower in the jejunum of the uninfected chicks (0 .514 
µg IL-10/mg protein) relative to the infected chicks (1 .209 µg IL-10/
mg protein, P < 0 .05) . In conclusion, IL-10 is present in the intestinal 
lumen, and IL-10 luminal secretion can be affected by coccidia infection 
and oral antibody to interleukin-10 .

Key Words: coccidia, Eimeria, interleukin-10

352P   Immunomodulatory effect of levamisole hydrochlo-
ride and Mentofin in Newcastle disease-vaccinated commercial 
broilers. Oluwaseun O . Esan*1, Omolade A . Oladele1, Adebayo A . 
Ehinmowo1, John O . Abiola1, Fidelis Gberindyer2, and Adebowale 
Adebiyi1, 1University of Ibadan, Ibadan, Oyo State, Nigeria., 2Univer-
sity of Agriculture, Makurdi, Benue State, Nigeria.

Newcastle disease (ND) is a major constraint to profitable poultry pro-
duction in Nigeria with outbreaks sometimes occurring in vaccinated 
flocks. Immunostimulants such as levamisole, vitamin E and selenium 
have been incorporated into poultry production to enhance vaccinal 
response. The efficacy of Mentofin, a herbal product with claims of 
immunomodulation and its synergy with levamisole, were assessed . 
One hundred 1-d-old Abor Acre broilers were randomly divided into 5 
groups of 20 each, reared in open-sided cages and fed ad libitum . Group 
A was the unvaccinated control; Groups B to E were vaccinated with ND 
vaccine (LaSota) at 14 and 42 d old . In addition, Group C was admin-
istered levamisole HCl at 150mg/kg body weight in drinking water for 
3 consecutive days post-vaccination, Group D – Mentofin at 0.25mL/L 
and Group E – levamisole HCl and Mentofin. Each group was bled at 1, 
14, 25, 32, 39 and 56 d-old . ND antibody titers were determined using 

ELISA . Mean titers per group at each sampling time were calculated and 
significant differences were determined using ANOVA and Duncan’s 
multiple range test at P < 0 .05 . Maternal antibody titer of 76 .55 ± 2 .35 
at day-old declined to 3 .83 ± 0 .37 at 56 d-old in the control Group A . 
Peak antibody titers in Groups C, D and E (62 .3 ± 4 .51, 60 .2 ± 3 .84 
and 64 .9 ± 5 .58, respectively) at 14 d post primary vaccination were 
significantly higher than that of Groups B (42.3 ± 4.28). Also, at 14 d 
post secondary vaccination, peak titer in group E (77 .9 ± 3 .14) was 
significantly higher than in Groups A, B, C and D (3.83 ± 0.37, 44.0 
± 3 .20, 71 .1 ± 3 .48 and 70 .3 ± 3 .25, respectively) . However, values in 
Groups C and D were significantly higher than that of Group B. This 
study shows that Mentofin and levamisole HCl administration in drink-
ing water significantly enhanced humoral response to live Newcastle 
disease vaccination . However, a combination of both caused a small but 
significant increase above the individual treatments.

Key Words: antibody response, broiler, levamisole, immunomodulatory, 
Newcastle disease vaccination

353P   Validation of a chicken ileal explant culture model for 
measurement of mucosal inflammation induced by lipopolysac-
charide. Qian Zhang*1, Susan D . Eicher1,2, Kolapo Ajuwon1, and 
Todd J . Applegate1, 1Department of Animal Sciences, Purdue Univer-
sity, West Lafayette, IN, 2Livestock Behavior Research Unit, Agricul-
tural Research Service, United States Department of Agriculture, West 
Lafayette, IN.

Gut mucosa holds a single layer of epithelial cells and the largest 
mass of lymphoid tissue in the body . While epithelial cell culture is 
widely used to assess intestinal barrier functions, it has limitations for 
studying cellular interactions with other cells, in particular those of the 
immune system . In this study, a chicken ileal explant culture model was 
validated for investigating short-term mucosal inflammation in an ex 
vivo environment . Initially, ileal explants from broilers at 21 d of age 
were cultured ex vivo up to 6 h . Explants cultured for a maximum of 
2 h remained over 90% viable, based on lactate dehydrogenase (LDH) 
activity . Morphologically, explant cultured for 2 h display normal 
outlook compared with those cultured longer, further confirming that 
short-term culture for 2 h duration is an acceptable model for studying 
ex vivo regulation of inflammation. Subsequently, LPS dose-related 
responses were determined for explants cultured for 2 h . Results from 
LDH activity assay showed that the viability of explants was decreased 
(P < 0.05) at LPS dose higher than 50 μg/mL. A significant (P < 0 .05) 
nitric oxide release was observed at LPS concentrations of 10 and 20 
μg/mL. In addition, the highest inflammatory response was detected at 
20 μg/mL LPS based on expression of TLR-4, iNOS, TNF-α, IL-1β, 
IL-8, MUC2, IgA and PIgR . These results demonstrate the potential 
usefulness of this intestinal explant culture model for short-term study of 
cellular interactions as well as evaluating biological effects of nutrients 
in an inflammatory state.

Key Words: chicken, intestinal explant culture, inflammation, 
lipopolysaccharide

354P   Effect of type of cereal and oat hulls addition on cecal 
morphology and Campylobacter jejuni colonization of broilers 
orally infected. Jaime Sánchez1, Carlos Millán1, Fernando Sánchez2, 
Y . Carre3, and Pedro Medel*1, 1Imasde Agroalimentaria, S.L., Madrid, 
Spain, 2Explotaciones Avícolas Redondo, Pantoja, Toledo, Spain, 
3CIDEF, Rennes, France.

An experiment was conducted within the EU-FP7 project CAMPYBRO 
to evaluate the effect of type of cereal and oat hulls (OH) addition in 
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cecal morphology and C. jejuni colonization of broilers orally infected . 
There were 5 treatments, based on the main cereal of the diet (corn 
[C], wheat [W] or barley [B]), and the inclusion of 5% of OH in the 
C and W diets . There were 2 diets (0–21 and 21–42d), and treatments 
were applied from 1 to 42d . A total of 180 one-d-old Ross 308 broilers 
(half male and half female) were divided into cages (3 birds/cage) and 
experimental treatments (12 cages/treatment) . At 14 d of age, all broilers 
were orally gavaged with 100 µL of a solution containing 1 × 105 cfu/
mL of ST-45 C. jejuni strain . On d 21, 35 and 42, ceca from 12 birds 
per treatment were collected and Campylobacter counts determined . At 
35 and 42d, gastrointestinal tract (GIT) and ceca weights, and the pH at 
ceca were taken . Data were analyzed by GLM procedure of SPSS . Age 
increased ceaca weights, but not when expressed in relation to BW or 
GIT. There were no significant differences for Campylobacter counts 
between treatments at any of the periods studied . Therefore, neither the 
type of cereal nor the inclusion of 5% OH caused a significant varia-
tion on C. jejuni counts at the ceca of the birds . B and W-OH based 
diets showed the largest ceca expressed as weight (18 .7, 11 .6, 14 .3, 
14 .8 and 18 .0g for B, C, C-OH, W and W-OH diets, respectively, P < 
0 .001), percentage of GIT (8 .98, 6 .73, 7 .97, 8 .21 and 9 .63% for B, C, 
C-OH, W and W-OH diets, respectively, P < 0 .001), percentage of BW 
(0 .93, 0 .60, 0 .74, 0 .73 and 0 .93% for B, C, C-OH, W and W-OH diets, 
respectively, P < 0 .001), or percentage of empty BW (1 .04, 0 .65, 0 .82, 
0 .80 and 1 .03% for B, C, C-OH, W and W-OH diets, respectively, P < 
0 .001), showing the C-based diets the smallest values, and the rest of 
treatments intermediate values . Dietary treatment did not affect pH at 
ceca . It is concluded that neither the type of cereal nor the OH addition 
modifies the cecal pH or Campylobacter counts in birds orally infected 
but changed the ceca morphology .

Key Words: Campylobacter jejuni, broiler, oat hulls, cereal

355P   Withdrawn. 

356P   The effect of β-glucans on performance and response of 
broiler chicks during coccidiosis. Chris P . Ott*1, Mike E . Persia1, 
Rob L . Payne2, and Rami A . Dalloul1, 1Animal & Poultry Sciences, 
Virginia Tech, Blacksburg, VA, 2Evonik Industries, Kennesaw, GA.

Coccidiosis is a costly parasitic disease to the poultry industry with 
multiple prevention methods being explored to control its impact . This 
experiment evaluated the feeding effects of β-glucans alone (BG) or 
with zinc (BGZn), on performance and responses of 28-d-old broiler 
chickens during a coccidiosis challenge . Cobb 500 male broilers (n = 
1280) were assigned to 1 of 8 treatment groups (8 replicate pens; 20 
birds/pen) in a 2 × 4 factorial arrangement, including non-infected and 
Eimeria-infected birds fed for 28 d a control diet, control + BG (150 g/
MT Algamune 50), control + BGZn (100 g/MT Algamune 50Zn), and 
control + 0 .01% Salinomycin (Sal) . On d15, all birds received either a 
sham inoculation or a mixed Eimeria inoculum . Birds and feed were 
weighed weekly on a per pen basis to evaluate body weight gain (BWG), 
feed intake (FI), and feed conversion ratios (FCR) . Lesion scores were 
assessed 6 d post infection (d21) on 3 birds per pen . Performance data 
were subjected to ANOVA and differences were established using the 
LS-MEANS statement with significance reported at P ≤ 0.05. There 
were few lesion score differences among the dietary treatments in the 
infected groups, suggesting that diets had little direct effects on lesions . 
The cocci challenge main effect resulted in a significant reduction in 
0–28 d BW and FI . Dietary treatment resulted in little effect on BWG, but 
Sal addition resulted in increased FI. A significant interaction between 
challenge and diet resulted in higher FCR in the cocci-challenged birds 
supplemented with Sal and BGZn in comparison to the other challenged 

groups, likely due to reduced mortality in the challenged Sal and BGZn 
groups . Overall mortality was high (20%) and increased with the chal-
lenge but reduced with the Sal treatment . The BGZn treatment resulted 
in mortality intermediate to but not significantly different from any of 
the other treatments . The high mortality in this experiment complicates 
the interpretation, but the overall results suggest that Sal and BGZn 
had positive effects on performance regardless of the cocci challenge .

Key Words: broiler, performance, β-glucan, coccidiosis, Eimeria

357P   Evidence of horizontal transmission of Mycoplasma galli-
septicum from in ovo-vaccinated layer chickens. Katie E . Collins*1, 
Scott L . Branton2, Jeff D . Evans2, Sharon K . Womack1, and Edgar D . 
Peebles1, 1Department of Poultry Science Mississippi State University, 
Mississippi State, MS, 2USDA-ARS, Mississippi State, MS.

Mycoplasma gallisepticum (MG) is known to be transmitted from 
infected birds or fomites . This study was performed to determine the 
transmissibility of a live attenuated MG vaccine from in ovo-vaccinated 
chicks. Eggs from an MG clean flock were incubated together for 18 d, 
at which point all live embryonated eggs were either not injected (NI) 
or administered a 50 µL injection volume of a dilution (using Poulvac 
Marek’s diluent) of a live attenuated strain-F MG vaccine (Poulvac 
Myco F) of a high (1× resuspended vaccine), medium (10−2 dilution), 
low (10−4 dilution), or low-low dose (10−6 dilution) . NI eggs were 
hatched in a separate incubator . Ten NI and 1 in ovo-vaccinated chick 
at one of the 4 doses (low-low, low, medium, high) were each placed in 
32 Horsfall-Bauer units located in 2 rooms . Room was considered as a 
blocking factor with 4 replicate units per room per injection treatment . 
Mortality was removed from each unit daily . At 6 wk of age (woa), birds 
that had been injected in ovo were removed and bled for Serum Plate 
Agglutination (SPA) and ELISA testing for the presence of antibodies 
against MG . At 12 woa, the remaining NI birds were bled for SPA and 
ELISA testing . Additional NI chicks were raised on a separate MG 
clean location and tested SPA and ELISA negative . The percentages of 
SPA and ELISA positive NI birds from each unit were analyzed with 
the General Linear Model procedure (SAS 9 .4) . No NI birds died and 
out of the in ovo-vaccinated chicks, 1 high, 2 medium, 6 low, and all 8 
low-low dose chicks survived to 6 woa . The in ovo-vaccinated birds that 
survived to 6 woa were both SPA and ELISA positive except for 5 birds 
in the low-low dose . Percentages of SPA and ELISA positive NI birds 
did not differ by treatment (SPA P = 0 .7832; ELISA P = 0 .8689) . SPA 
positive NI birds were 36 .3, 18 .8, 18 .8, and 20 .0% and ELISA positive 
were 27 .5, 18 .8, 16 .3, and 13 .8% in the low-low, low, medium, and high 
doses, respectively. These findings indicate that in ovo vaccination with 
a live attenuated MG vaccine yielded a viable population, which could 
be horizontally transmitted to other chicks .

Key Words: in ovo, vaccine, Mycoplasma gallisepticum, layer, embryo

358P   Response of broiler chickens challenged with Salmonella 
Enteritidis or Minnesota supplemented with mannan oligosac-
charide. Mariana C . Lourenço*, Antonio L . Kraieski, Ricardo M . 
Hayashi, Alexandre M . de Souza, Dany Mesa, and Elizabeth Santin, 
Federal University of Paraná, Curitiba, Paraná, Brazil.

The control of Salmonella occurrence and spread is essential to ensure 
the safety of chicken products . Biosecurity practices are the most 
important methods for preventing Salmonella in commercial flocks. In 
addition, the use of prebiotics may help in this control acting directly on 
agglutination of bacteria type 1 fimbriae preventing it from connecting 
the GTI cells and also by immune modulation effects . This trial evalu-
ated the effect of mannan oligosaccharide (MOS) in broilers challenged 
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orally with 106cfu/mL of Salmonella Enteritidis (SE) at 8 d or Minnesota 
(SM) at 10 d . Several 160-d-old male Cobb broilers were divided in 
Trial A: 1) SE, birds challenged with SE; 2) SE+MOS, birds challenged 
with SE supplemented with MOS . Trial B: 3) SM, birds challenged with 
SM; 4) SM+MOS, birds challenged with SM supplemented with MOS . 
In both trial, the MOS used was 400g/t, Actigen (Alltech Inc .) since the 
first day of bird life and weight gain, Salmonella recover, ileum and 
cecum histology and ileum and liver IL10 e IL12 mRNA expression 
at 0 and 16 h after challenge (AC) were evaluated . At the time of chal-
lenge (0h AC), birds supplemented with MOS showed highest score 
of lymphocyte infiltration on ileum compared with non-supplemented 
birds, but it was not observed in the cecum mucosa in both trial . In the 
Trial A, MOS supplementation at 16h AC, reduced the isolation of SE 
in the liver and cecum, the lymphocyte infiltration on cecum mucosae 
and the IL12 mRNA expression on liver and increased the weight gain 
in SE-challenged broilers compared with group not supplemented . In 
trial B, MOS did not affect any parameters but the ileum mRNA IL10 
and IL12 expression was reduced in the group supplemented compared 
with group SM challenge non-supplemented . The results showed that 
MOS supplementation increase the lymphocytes infiltration in ileum in 
birds not challenged and it was effective to control SE, but not have the 
same response against SM .

Key Words: cytokine, IL10, IL12, immunity, intestinal mucosa

359P   Recent discoveries on flax biologicals with unique anti-
parasitic properties: A natural approach to control coccidiosis in 
poultry. Andrew Olkowski* and Bernard Laarveld, University of Sas-
katchewan, Saskatoon, SK Canada.

Recently we discovered rather unique anti-parasitic properties associ-
ated with compounds naturally present in flax seeds. One group of the 
flax biologicals showing anti-parasitic properties were isolated from 
seeds or flax oil and was identified as small cyclic peptides termed 
cyclolinopeptides (CLPs). CLPs are isolated from flax seeds or oil using 
solvent extraction process, and purified using hydrophobic silica based 
solid phase column . In vitro experiments, where coccidian oocysts were 
incubated in water at RT overnight, showed that CLPs were effective 
in preventing sporulation and killing sporulated oocysts at a concentra-
tion of about 20 to 40 µg/mL . In some aspects, the effects of CPLs on 
Eimeria oocysts closely resemble injury consistent with disruption of 
the oocyst shell, and thus CLPs appear to possess attributes of natural 
ionophores . Additional anti-parasitic properties were discovered in asso-
ciation with a nano-emulsion obtained from flax seeds using sub-critical 
water extraction, followed by extracted seeds sonication in water . These 
flax biologicals showed a very strong anti-coccidial effect in vitro on 
several Eimeria spp . isolated from chickens, pigeons, cattle, and sheep . 
In vitro experiments, where coccidian oocysts were incubated in water at 
RT overnight, showed that nano-emulsions was effective in preventing 
98% of sporulation and killing sporulated oocysts at a concentration of 

about 5 to 10% . Similar anti-parasitic effects were also observed with 
regard to a genus of nematodes in the family Capillariidae in chickens 
and pigeons. Further studies in vivo confirmed the high potential of 
these flax biologicals to control coccidiosis and capillariasis in birds. 
The anti-parasitic compounds naturally present in flax may provide a 
highly desirable alternative approach to control coccidiosis and other 
intestinal parasites in poultry .

Key Words: flax extract, anti-parasite properties, coccidiosis, 
capillariasis

360P   Differences in cellular and humoral primary and second-
ary immune responses to protein antigen administered with or 
without adjuvant. Gisela Erf*, Hyeonmin Jang, Kristen Byrne, Olfat 
Alaamri, Christopher Lyle, Daniel Falcon, and Robert Dienglewicz, 
University of Arkansas, Fayetteville, AR.

While antibody responses to antigen can be assessed by sampling of 
blood, information on in vivo cellular immune responses to antigen is 
limited, due in part to MHC-restrictions of T cells and their need to 
carry out effector functions at the antigen location . The objective of this 
study was to monitor and assess the primary and secondary humoral 
and cellular responses to test-antigen (T-Ag; mouse IgG) administered 
intramuscularly (i.m.) with or without adjuvant. Specifically, 7-wk-old 
male Light-brown Leghorn chickens were injected into the breast muscle 
with vehicle (PBS; 0.1mL), T-Ag (0.26μg) or T-Ag (0.26μg) mixed 
with 15% Alum adjuvant . Antibody production (IgM, IgG) to T-Ag was 
monitored for 4 wk following both the primary and secondary i .m . immu-
nizations . To monitor in vivo cell-mediated immune-activity to T-Ag 
in the same individuals, we used the pulp (dermis) of growing feathers 
(GF) as the test-site . This dermal test-site has the advantage of being a 
defined unit of tissue which can easily be removed for ex vivo analysis 
using minimally invasive procedures . To examine the cellular effector 
response to T-Ag, T-Ag was injected into 20 GF/bird (10μL/GF) on Day 
10 or Day 5 post-primary or -secondary immunization, respectively . 
GF were collected before injection (0h) and at 0 .25, 1, 2, 3, 4, 5 and 7d 
post-injection . For each bird, one GF/time point was used to prepare 
pulp cell-suspension, which were then immunofluorescently stained 
with chicken-leukocyte-specific monoclonal antibodies. Analysis of GF 
pulp cell suspensions by flow cytometry revealed temporal, qualitative 
and quantitative differences (P < 0.05) in leukocyte-infiltration profiles 
between immunization treatments and innate as well as primary/memory 
effector-responses to T-Ag . ELISA also revealed treatment differences 
and temporal, qualitative, and quantitative differences (P < 0 .05) in the 
primary and secondary humoral responses to T-Ag . Minimally invasive, 
non-terminal procedures such as sampling of injected GF and blood 
provides unique insight into cellular and humoral immune activities in 
the same individual over time .

Key Words: humoral, cellular, primary, memory, adjuvant
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361P   Effect of varying dietary methionine and cysteine concen-
trations on growth performance of the French guinea fowl broiler. 
Samuel N . Nahashon*, Dekarra Johnson, Sarayu Bhogoju, Joseph 
Donkor, Collins Khwatenge, Boniface Kimathi, and Ahsan Raza, 
Department of Agricultural and Environmental Sciences, Tennessee 
State University, Nashville, TN.

In the United States, guinea fowl (GF) production has continued to 
increase due to increased demand and consumption of specialty meats . 
However, there is lack of information on optimum nutrients, such as 
amino acids, that would support optimum growth performance and 
minimize production cost of the GF . The amino acid methionine is most 
limiting in poultry feeding while methionine and cysteine are essential 
sulfur-containing amino acids that are required for growth and key meta-
bolic processes . The objective of this study was to determine methionine 
and cysteine requirements for optimum growth performance of the 
French GF broiler . To meet this objective, experimental birds were fed 
corn-soy based diets containing 0 .50, 0 .45 and 0 .40% methionine each 
in combination with 0 .35, 0 .40 and 0 .45% cysteine, respectively from 
hatch to 4 weeks of age (WOA) . The birds were reared using standard 
commercial rearing techniques . Feed and water was provided at free 
choice and optimal levels of methionine and cysteine were determined 
through measurements of weekly body weight gain (BWG), feed con-
sumption, and feed conversion ratio . Birds fed diets containing 0 .50% 
methionine in combination with 0 .35% cysteine exhibited higher BWG 
and overall performance when compared with other dietary treatments 
(P < 0 .05) . Dietary cysteine levels above 0 .35% and methionine levels 
below 0 .50% depressed growth and overall bird performance, and 
increased mortality . Therefore, at hatch to 4 WOA, French GF broilers 
would utilize more efficiently diets containing 0.50% methionine and 
0 .35% cysteine .

Key Words: French guinea fowl, protein, amino acid requirement, 
methionine, cysteine

362P   Cysteine improves performance and carcass quality in 
broiler chickens. José H . Vilar Da Silva*, Fernando González-Cerón, 
and Samuel E . Aggrey, Department of Poultry Science, University of 
Georgia, Athens, GA.

Cysteine (Cys) is required for normal cell growth and differentiation, 
skin tissue and feather development in poultry . There is a paucity of 
data on the effect of dietary cysteine deficiency on growth and carcass 
quality in chickens because cysteine requirement is normally met with 
methionine and it is expected that adequate cysteine will be synthesized 
through the transsulfuration pathway . We conducted an experiment to 
ascertain the effect of dietary cysteine level on performance and carcass 
quality . A total of 240 broiler chicken were used in a randomized design 
and fed a deficient digestible (DEF), control (CONT) or an excess (EXC) 
digestible dietary cysteine diet . The dietary Cys levels were 0 .24, 0 .48, 
and 0 .72% for DEF, CONT and EXC, respectively from d 1–10; 0 .21, 
0 .42 and 0 .63% from d 11–24; and 0 .18, 0 .36 and 0 .54% from d 25–49 . 
Digestible methionine level was kept at 0 .95% of requirement for all 
diets . There were no differences in growth and feed conversion ratio 
(FCR) at d 10 and 24. However, there were significant differences in 
BW, BWG, and FCR at d 49 . The BW was 2 .73, 2 .83 and 3 .01 kg for 
DEF, CONT and EXC, respectively . There was no difference in FCR for 
CONT (1 .97) and EXC (1 .96); however, the DEF (2 .17) had a higher 
FCR compared with the CONT and EXC. There were also significant 
differences in carcass and abdominal yields . The abdominal fat yields 

were 2 .06, 1 .69, and 1 .61% for DEF, CONT and EXC groups . The result 
of this study shows that cysteine plays a role in performance and carcass 
quality of broiler chickens .

Key Words: cysteine, growth, carcass yield, abdominal fatness

363P   Tryptophan requirements for brown layers from 79 to 95 
weeks of age. Fernando Guilherme Perazzo Costa*1, Matheus Ram-
alho de Lima2,1, Clariana Silva Santos1, Eduardo Terra Nogueira3, 
Gabriel Borges Sandt Pessoa3, and Danilo Vargas Gonçalves Vieira1, 
1Federal University of Paraiba, Areia, Paraiba, Brazil, 2Federal Uni-
versity of the South of Bahia, Teixeira de Freitas, Bahia, Brazil, 3Aji-
nomoto do Brasil, Sao Paulo, Sao Paulo, Brazil.

The aim was to determine the nutritional requirement of digestible 
Trp for brown layers from 79 to 95 wk of age . A total of 240 layers, 
distributed in a completely randomized design with 5 increasing levels 
of digestible Trp (0 .143, 0 .149, 0 .156, 0 .162, and 0 .169%), with 6 
replicates, and 8 birds per experimental unit . The diets of the treat-
ments contained 0 .648% of digestible Lys, which was obtained using 
the prediction equation of the Brazilian Tables for Poultry and Swine 
Requirements . The treatments consisted of a digestible Trp:Lys ratio 
of 22, 23, 24, 25, and 26% . After analysis of the data, the digestible 
Trp levels in the diet promoted a quadratic effect on egg production (Y 
= −13230.47x2 + 4061 .99x – 222 .98; R2 = 0 .98) and egg mass (Y = 
−10522.61x2 + 3237 .62x – 190 .39; R2 = 0 .96), and other performance 
variables were not affected by treatments, such as feed intake, feed 
conversion ratio per eggs and per egg mass . In conclusion, a diet with 
0 .153% digestible Trp, in a 23 .61% Trp:Lys, improves performance of 
brown layers from 79 to 95 wk of age .

Key Words: amino acid, egg production, feed intake, performance

364P   Inhibition of genes in the transsulfuration pathway affects 
skin tissue and follicle development in chickens. José H . Vilar Da 
Silva*, Fernando González-Cerón, Elizabeth W . Howerth, and Samuel 
E . Aggrey, Department of Poultry Science, University of Georgia, 
Athens, GA.

Cysteine is a conditional essential proteinogenic sulfur-containing amino 
acids and a product of the transsulfuration pathway (TSP) which serves 
as a vehicle for sulfur conversion to glutathione, sulfate and taurine . 
Genetic Cys alterations have been shown to affect growth and body 
fatness, and Cys is required by sheep for wool production and also used 
extensively in the human personal care industry to strengthen nails . 
Homocysteine (Hcy) is first converted cystathionine catalyzed by cysta-
thionine β synthase (CBS). Hereafter, cystathionine is converted to Cys, 
catalyzed by cystathionine gamma lyase (CGL) . In this experiment, we 
inhibited both CBS and CGL with propargylglycine (PPG) . One hundred 
and 2 broiler chicks were randomly assigned 2 treatments (CONT) or 
(TRT). The CONT diets were regular starter, grower and finisher diets. 
The TRT diets were similar to the CONT diets plus 100 mg/kg BW of 
PPG which is an inhibitor of CBS and CGL . We measured the dorsal 
epidermis and dermis thickness, follicle diameter and length and weight 
of primary wing feather 8 at d 10, 24 and 40 . We also analyzed the mRNA 
expression of CBS and CGL in the liver at 40 d . The results show that 
both CBS and CGL were significantly upregulated in the TRT group 
compared with the CONT group . Inhibition of CBS and CGL decreased 
epidermis thickness at 10 d (0 .0157 vs 0 .0216 mm), at 24 d (0 .01265 vs 
0 .0206 mm), and 40 d (0 .01391 vs 0 .01833 mm) compared with CONT . 
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The length of the primary follicle was 0 .528 vs 1 .037 mm, 0 .906 vs 
1 .361 mm, and 1 .012 vs 1 .1666 mm at d 10, 24 and 40, respectively 
between TRT and CONT . Similarly, the primary follicle diameter was 
0 .276 vs 0 .454 mm, 0 .539 vs 0 .585 mm and 0 .474 vs 0 .848 mm at 10, 
24 and 40 d, respectively between TRT and CONT . Feather weight was 
0 .014 vs 0 .026 g, 0 .132 vs 0 .155 g and 0 .320 vs 0 .380 g at 10, 24 and 
40 d, respectively between TRT and CONT . We therefore conclude that 
inhibiting the TSP would affect feather development, which may affect 
thermoregulation and general welfare of the bird .

Key Words: cysteine, propargylglycine, feather growth, skin

365P   Cysteine deficiency upregulates genes in the transsulfura-
tion pathway and affects skin tissue and feather follicle develop-
ment in chickens. José H . Vilar Da Silva*, Fernando González-Cerón, 
Elizabeth W . Howerth, and Samuel E . Aggrey, Department of Poultry 
Science, University of Georgia, Athens, GA.

The transsulfuration pathway (TSP) lies at the intersection of the trans-
methylation and re-methylation pathways converting homocysteine to 
cysteine (Cys) . The cysteine needs of birds are usually met with methio-
nine through the transsulfuration pathway . We set up an experiment to 
evaluate the effect of dietary Cys deficiency on skin tissue and follicle 
development and genes in the TSP . Birds were fed diet 95% of digest-
ible methionine requirements . A total of 160 broiler chicks were used 
in a randomized design experiment and fed either a control (CONT) or 
deficient digestible cysteine (DCys) diet from d 1–10 (0.48 vs 0.24%), 
11–24 (0 .42 vs 0 .21%) and 25–49 (0 .36 vs 0 .18%) . Dorsal skin (2 × 2 
cm) were sampled from 8 individuals per treatment at d 10, 24, 34 and 
49 and analyzed for epidermis, dermis and hypodermis thickness and 
follicle length and diameter . The results show that, as the epidermis 
thickness decreased with age, the hypodermis thickness increased with 
age. The DCys group had significantly reduced epidermis thickness 
at 24 (0 .002 vs 0 .021 mm) and 34 d (0 .01 vs 0 .02 mm) . The length of 
the primary follicle at d 24 and 49 were 0 .86 and 1 .36 mm, and 1 .18 
and 1 .83 mm, respectively between DCys and CONT . Using RT-PCR 
analysis, the cystathionine β synthase (CBS), cystathionine gamma lyase 
(CGL) and glutathione synthetase (GSS) genes were all significantly 
upregulated at 10, 24, 34 and 49 d and cysteine dioxygenase (CDO) 
gene was downregulate at 34 and 49 d in the liver tissue of the DCys 
group compared with CONT . The upregulation of CBS, CGL and GSS 
and downregulation of CDO suggested the need for the DCys group to 
increase the biosynthesis of glutathione to alleviate potential oxidative 
stress resulting from the significantly reduced cysteine.

Key Words: cysteine, nutrigenomics, skin tissue, follicle

366P   In ovo threonine supplementation and post-hatch body 
weight of chicks challenged with Salmonella Enteritidis. Patricia 
E . N . Givisiez*1,2, Alexandre L . B . Moreira Filho1, Alessandra R . E . 
G . Azevedo1, Celso J . B . Oliveira1,2, and Bryan White1,2, 1Universi-
dade Federal da Paraíba, Areia, PB, Brazil, 2University of Illinois at 
Urbana-Champaign, Urbana-Champaign, IL.

High dietary threonine levels enhance mucus production in chickens 
when supplemented post-hatch, which is supposed to be associated 
with improved intestinal integrity and to help preventing colonization 
by Salmonella . This study aimed to test the hypothesis whether in 
ovo threonine (Thr) supplementation could improve body weight of 
birds inoculated with Salmonella Enteritidis (SE) . Fertile eggs were 
inoculated in the allantoic fluid with saline (control) or 3.5% threonine 
solution at 17 .5 d of incubation . At hatch, chicks were individually 
weighed and cloacal swabs were sampled for Salmonella screening . 

At 2 d of age (2d), half of the birds of each in ovo treatment were 
given either 0 .5 mL of nutrient broth (sham-inoculated) or nalidixic-
acid resistant Salmonella Enteritidis in nutrient broth (8 .3 × 107 cfu 
SENal+/mL) . The birds were individually weighed at 24, 96 and 168 
h after inoculation (hpi) and data were analyzed in a completely 
randomized design with 4 treatments: no Thr supplementation in 
ovo and sham-inoculated in the post-hatch challenge (NT-SHAM); 
in ovo Thr supplementation and sham-inoculated (T-SHAM); no 
Thr supplementation in ovo and SENal+-challenged (NT-SE); and in 
ovo Thr supplementation and SENal+-challenged (T-SE) . T-SHAM 
birds showed the highest body weight (P < 0 .05) at 24, 96 and 168 
hpi (94 .8, 166 .83 and 296 g, respectively), which was similar to the 
body weight of NT-SHAM birds (91 .5 g) only at 24 hpi . Body weight 
was higher (P < 0 .05) in T-SE birds compared with NT-SE birds both 
at 96 (157 .6 vs . 149 .5g, respectively) and 168 hpi (283 .5 vs . 270 .2 
g, respectively) . Furthermore, T-SE showed similar body weight to 
NT-SHAM birds at all time points (88 .3 vs 91 .5 g; 157 .6 vs 155 .0 g; 
284 .5 vs 286 .7 g) . NT-SE birds had the lowest body weights at 24, 96 
and 168 hpi (85, 149 .5 and 270 .2 g, respectively), which were similar 
to T-SE only at 24 hpi (88 .3 g) . Our results indicate that threonine 
in ovo supplemention is associated with higher body weight even 
when the birds are challenged with Salmonella Enteritidis in the 
first days of life.

Key Words: amino acid, incubation, performance, poultry health, 
salmonellosis

367P   Effect of varying of dietary lysine concentrations on 
growth performance of the Pearl Grey guinea fowl replacement 
pullet. Sarayu Bhogoju*, Joseph Donkor, Collins Khwatenge, Ahsan 
Raza, Dekarra Johnson, Boniface Kimathi, and Samuel N . Nahashon, 
Department of Agricultural and Environmental Sciences, Tennessee 
State University, Nashville, TN.

Lysine is second most limiting essential amino acid in poultry 
nutrition after methionine . Understanding the lysine requirement 
of poultry is essential in guiding formulation of least cost diets 
that effectively meet the nutritional needs of individual birds . The 
lysine requirement of the Pearl Grey guinea fowl (GF) is not known . 
Therefore, the objective of this study was to assess dietary lysine 
requirement for optimal growth performance of the Pearl gray GF 
replacement pullet . A total of 512 day-old Pearl Grey GF keets were 
weighed individually and randomly assigned to electrically heated 
battery brooders, 15 birds each per battery cage . Eight diets fed to 
the experimental birds consisted of corn-soybean meal containing 
0 .80–1 .22 digestible Lysine in 0 .06% increments . A control diet 
containing 1 .22% digestible Lysine was used to validate the 1 .22% 
dose response diet . Feed and water were provided at free choice and 
the diets were replicated 2 times . Experimental feed was iso-caloric 
and iso-nitrogenous and contained 3,100 kcal Metabolizable energy 
(ME)/kg diet and 23% crude protein (CP), 3,150 ME kcal ME/
kg diet and 21% CP and 3,000 ME/kg and 17% CP, at 0–4, 5–10, 
11–12 weeks of age (WOA), respectively . Experimental birds were 
provided water ad libitum along with a 23 and 8–16-h light regi-
men at 0–8 and 9–12 WOA . Birds were weighed weekly and body 
weight gain and feed consumption and conversion were determined . 
Females responded better to diets containing 1 .16% lysine from hatch 
to 12 WOA, whereas males responded better to diets containing 
0 .98–1 .22% lysine . Therefore, we recommend that Pearl gray guinea 
fowl replacement pullets (females) and males be fed diets containing 
1 .16% and 0 .98–1 .22% lysine, respectively .

Key Words: poultry, guinea fowl, lysine, requirement
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368P   Withdrawn. 

369P   Requirements of digestible lysine for male broilers from 
22 to 42 days of age. D . E . Faria*, V . C . Caetano, D . E . F . Filho, V . 
S . Nakagi, J . A . Munõz, L . F . Demuner, and D . Suckeveris, Faculty 
of Animal Science and Food Engineering, Pirassununga, Sao Paulo, 
Brazil.

Lysine is the amino acid (AA) most required for protein deposition 
and serving as AA reference to the others, in case of ideal protein . 
The requirements for each phase should be determined consistently 
with high precision . This study aimed to evaluate the digestible lysine 
requirements for male broilers in the grower/final phases (22 to 42 d) 
based on performance . 1,296 Cobb-500 male chicks were fed with same 
basal diet following Rostagno et al . (2011) recommendations until 21 
d, and after were submitted a completely randomized design with 6 
treatments and 6 replicates of 36 birds each . Experimental diets were 
isoproteic and isocaloric, formulated by the empiric method of supple-
mentation with different levels of digestible lysine: 77 .5, 85, 92 .5, 100, 
107 .5, 115% according to Rostagno et al . (2011), resulting in levels 
of 0 .877; 0 .961, 1 .046, 1 .131, 1 .216, and 1 .301%, respectively . The 
other amino acids as Met, Thr, Trp, Arg, and Val were supplemented 
in your commercial form to keep their relations to lysine . The average 
environmental temperatures in the poultry house were 32 .52 ± 3 .04°C 
(Max) and 22 .84 ± 2 .21°C (Min) . Performance characteristics evaluated 
were feed intake (FI), weight gain (WG), feed conversion (FC), viability 
(V) and productive efficiency index (PEI). The means were compared 
by Tukey test (5%), and a regression analysis was used . There were 
no differences (P ≥ 0.05) among diets for FI, WG, and V. PEI linearly 
increased (R2 = 0 .23), and FC linearly decreased (R2 = 0 .62) with the 
increase of digestible lysine in the diets . In this study, the effects of 
treatments suggests that requirements of digestible lysine for PEI and 
FC was 1 .301%, while for the other performance characteristics the 
level of 0 .877% digestible lysine achieve the animal requirements for 
22 to 42 d .

Key Words: amino acid, feed formulation method, ideal protein, poultry

370P   Digestible leucine:lysine ratios for broiler males during 
the starter period. Sandra Carolina Salguero*1, Sebastian Franco2, 
Rosana Maia1, Victor Barros1, Luiz Fernando Albino1, and Horacio 
Rostagno1, 1Federal University of Viçosa, Viçosa, Minas Gerais, 
Brazil, 2Premex S.A, Medellin, Antioquia, Colombia.

An experiment was carried out to evaluate dig . Leu:Lys ratios for male 
Cobb 500 broilers from 8 – 17 d of age . A total of 160 broilers were 
distributed in a completely randomized experimental design with 5 dig . 
Leu:Lys ratios and 8 replicates of 4 birds per experimental unit (pen) . 
Diets were formulated with suboptimal Lys level (1 .07%) and adequate 
ideal protein ratios for all amino acids, except for dig . Leu (0 .995%) . 
Dig . Leu:Lys ratios of 93, 100, 107, 114 and 121% were used . Statisti-
cal analysis using 4 different models (quadratic, 95% of quadratic, 
broken line and quadratic and plateau) were applied to performance 
and breast trait data . All performance and breast parameters evaluated, 
except feed conversion, presented a linear and quadratic response (P < 
0 .01) to dig . Leu:Lys ratios . The average dig . Leu:Lys ratios obtained 
using different models varied from 100 to 113 . The highest ratio was 
obtained with the quadratic model and the lowest with the broken line 
model . These results suggest that a dietary dig . Leu:Lys ratio of 105% 
is adequate for optimal performance and breast traits of 8 −17 d old 
broiler chickens males .

Table 1. Performance and breast traits according to dietary dig . Leu:Lys ratios 
of 8 to 17 days old broiler chickens

Leu:Lys ratio FI1 WG 1 F:G2 BW (g)1 FW (g)1 BY (%)1FY (%)1

93 428 .6 323 .9 1 .332 88 .8 67 .2 17 .26 12 .99
100 489 .6 373 .0 1 .313 112 .4 85 .2 19 .68 14 .91
107 492 .2 389 .3 1 .307 115 .7 89 .4 20 .01 15 .46
114 499 .8 386 .7 1 .297 113 .9 85 .7 19 .56 14 .69
121 498 .0 376 .5 1 .323 109 .7 82 .3 19 .26 14 .46
CV (%) 4 .61 4 .77 2 .85 4 .79 6 .09 3 .97 5 .15
Model statistics        
 Quadratic 113 111 — 110 110 110 110
 95% Quadratic 107 106 — 105 105 105 105
 Broken Line 100 100 — 100 100 100 100
 Q+Plateau 107 104 — 105 105 105 105

FI = feed intake; WG = weight gain; F:G = feed:gain; BW = breast weight; 
FW = fillet weight; BY = breast yield; FY = fillet yield; CV = coefficient of 
variation .
1Linear effect (P < 0 .01) and quadratic effect (P < 0 .01) .
2Not significant (P > 0 .05) .

Key Words: breast parameter, leucine, performance, starter period

371P   Digestible lysine requirement of male turkey poults. Sally 
L . Noll*1, Zhirong Jiang2, and Paul B . Tillman3, 1University of Min-
nesota, St. Paul, MN, 2Ajinomoto Heartland Inc, Chicago, IL, 3Poultry 
Technical Nutrition Services LLC, Buford, GA.

Few determinations of amino acid requirements of market turkeys have 
been conducted in recent years and the gap continues to grow between 
the NRC (1994) recommendations and turkey breeder company recom-
mendations . The objective of the study was to determine the digestible 
lysine (dLys) requirement in male Hybrid Converter turkey poults (0 
to 4 wk of age) using a basal summit approach . Diets were composed 
primarily of corn, soybean meal, and poultry byproduct meal . The basal 
diet in addition contained 10% dried distillers grains with solubles and 
1% wheat middlings . The basal and summit diets were formulated to 
contain 1 .4 (approximates the dLys requirement from NRC) and 2 .0% 
dLys respectively, with a calculated ME content of 2950 kcal/kg . Crude 
protein was 24 .4 and 28 .2%, respectively . To set the ratio of other essen-
tial digestible amino acids to dLys in the diets, the highest ratio in a 
comparison of Aviagen and Hybrid recommendations was increased by 2 
points to assure that other amino acids would not be limiting . Five diets 
with increasing dLys were formed by mixing differing proportions of the 
basal and summit diets resulting in a total of 7 diets with varying dLys . 
A control diet was fed and contained 1 .68% dLys and 2950 ME kcal/
kg following Hybrid recommendations . Each diet (mash form) was fed 
to 10 replicate pens (16 poults/pen) . Poults were weighed at placement 
and then at 2 and 4 wk of age with measures of feed disappearance . The 
experimental design was CRBD and ANOVA was used to determine 
probability of treatment differences in poult performance . Segmented 
regression was used to determine the dLys requirement . Diet affected 
poult gain and feed efficiency (P < 0 .001) without an effect on livability . 
Gain for the summit diet exceeded that of the control diet by 6 .4% for 
0 to 4 wk period while feed efficiency was similar for the 2 treatments. 
For feed efficiency, quadratic regression using dLys concentration had 
the best fit although R2 remained low (R2 = 0 .32) . The calculated dLys 
requirement for gain using segmented regression was 1 .72% . In conclu-
sion, the dLys requirement for gain was substantially greater than the 
estimated dLys requirement from NRC (1994) .

Key Words: turkey, poult, lysine, requirement
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372P   Withdrawn. 

373P   Japanese quails responses to lysine intake. Miryelle F . Sar-
cinelli, Nilva K . Sakomura*, Edney P . Silva, Juliano C . P . Dorigam, 
Daniela C . Z . Donato, Katiani S . Venturini, Camila A . Gonçalves, and 
Paulo Matsumura Júnior, Universidade Estadual Paulista, Jabotica-
bal, São Paulo, Brasil.

The objective of this study was determine the optimal intake of lysine 
for Japanese quails, through of the polynomial quadratic with broken-
line plateau model . 392 Japanese quails with 14 weeks of age, were 
distributed in a completely randomized design, with 8 treatments (lysine 
levels), 7 replicates and 7 birds per experimental plot . A diet with high 
protein level (summit) and a nitrogen-free diet were formulated . Both 
diets had the same level of minerals, vitamins, and energy . The lysine 
content of the summit diet was 13 g/kg, considering 120% of the 
lysine requirement recommended by the Brazilian Tables and 140% 
for the remaining amino acids, to create a relative deficiency of 20% 
of lysine . The intermediary lysine levels (0 .260; 0 .520; 0 .650; 0 .780; 
1 .040; 1 .117 and 1 .300%) were obtained by successive dilutions of the 
summit diet with the nitrogen-free diet . A eighth treatment was added 
(1.61g of Lysine HCl, in 0.260 diet) to confirm if lysine was the first 
limiting amino acid . The trial lasted 10 weeks (6 weeks of adaptation 
and 4 weeks of data collection) . The additional response observed in 
the 8 treatment confirmed that lysine was the first limiting amino acid 
in the diet . The studied variables to estimate the polynomial quadratic 
with broken-line plateau model for lysine answers were: feed conversion 
(g/g), egg production (%) and egg mass (g)  .The polynomial quadratic 
with broken-line plateau models were adjusted taking into account the 
lysine consumption as a function of feed conversion, egg production 
and egg mass . We estimated the intake of 220; 218; 254 mg/bird/day 
feed conversion, egg production, and egg mass, respectively . The ideal 
intake of lysine for Japanese quails, considering the egg mass was 254 
mg / bird / day, corresponding to the level of 0 .990% of digestible lysine .

Key Words: amino acid, dilution technique, egg mass, polynomial 
quadratic with broken-line plateau model

374P   Protein levels and amino acid supplementation to broil-
ers from 22 at 42 days old. L . C . L . Camelo1, C . B . V . Rabello1, C . 
J . P . Oliveira2, D . P . Oliveira1, C . C . Lopes2, F . G . P . Costa*3, and 
I . M . B . Lorena-Rezende1, 1Universidade Federal Rural de Pernma-
buco, Recife, Pernambuco, Brasil, 2Universidade Federal de Sergipe, 
Aracajú, Sergipe, Brasil, 3Universidade Federal da Paraíba, Areia, 
Paraíba, Brasil.

The purpose of this study was to evaluate the effect of different levels 
of crude protein (CP) and amino acid supplementation on performance, 
carcass yield and nitrogen excretion for male broilers, from 22 to 42 d 
old . 612 broilers, Cobb 500, were distributed in a completely randomized 
design consisting of 6 treatments and 6 replicates of 17 birds each . The 
experimental diets were formulated to contain 6 crude protein levels 
(16 .1; 17 .1; 18 .1; 19 .1; 20 .1 and 21 .1%) based on corn, soybean meal and 
supplemented amino acids (lysine, methionine, threonine, tryptophan, 
arginine and valine) to maintain levels and relations of amino acids equal 
between the treatments . Feed intake, weight gain, feed conversion, car-
cass yield, nitrogen excreted were evaluated . Data were analyzed using 
procedure PROCREG in the SAS Program (P < 0.05). No significant 
differences were found for feed intake, weight gain, feed conversion 
and carcass yield, however the nitrogen excretion increased significantly 
(1 .36 g/d vs 1 .69 g/d; P = 0 .0072; Y = 0 .0689x + 0 .2609; R2 = 0 .94) 
when CP was increased of 16 .1 to 21 .1% . In conclusion, the dietary 
with crude protein levels of 16 .1% and amino acids supplementation 

can reduce the amount of nitrogen excreted by broilers from 22 to 42 d 
old, without effect on performance and carcass yield .

Key Words: amino acid, carcass yield, performance, nitrogen excretion

375P   Comparison of standardized ileal amino acid digestibil-
ity of three different pea products in growing turkeys. Krzysztof 
Kozlowski*1, Jan Jankowski1, Farshad Goodarzi Boroojeni2, Jürgen 
Zentek2, and Martin Senz3, 1Department of Poultry Science, Univer-
sity of Warmia and Mazury, Olsztyn, Poland, 2Department of Vet-
erinary Medicine, Free University, Berlin, Germany, 3Department 
Applied and Molecular Microbiology, Berlin University of Technology, 
Berlin, Germany.

The experiment was performed with 288 10-week-old Hybrid Con-
verter male turkeys (4 treatments, 6 pens and 12 birds per pen) . The 
experimental diets were including pea (P), fermented pea with probiotic 
(PP), pre-digested pea with enzymes mixture (PE) and a N-free diet 
(all supplemented with vitamins and minerals) . P contained 20 .8, 0 .9, 
1 .7, 0 .5, 2 .2, 0 .9, 0 .7, 0 .8, 1 .4, 1 .5, 0 .2, 1 .0, 0 .9, 1 .1, 0 .8 and 0 .9%, PP 
contained 21 .6, 0 .9, 1 .5, 0 .5, 2 .1, 0 .9, 0 .7, 0 .8, 1 .4, 1 .5, 0 .3, 1 .0, 1 .0, 
1 .0, 0 .8 and 0 .9% and PE contained 21 .1, 0 .9, 1 .7, 0 .5, 2 .1, 0 .9, 0 .7, 
0 .8, 1 .4, 1 .5, 0 .2, 1 .0, 0 .8, 1 .1, 0 .8 and 0 .9% of CP, Ala, Arg, Cys, Glu, 
Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Val, respectively . After 
7 d experimental feeding, all birds were killed, their ileal content were 
collected, pooled and analyzed for their amino acids (AA) content . The 
standardized ileal digestibility (SID) of CP, Ala, Arg, Cys, Glu, Gly, His, 
Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr and Val for P were 91 .1, 89 .9, 96 .3, 
87 .8, 92 .9, 91 .5, 92 .0, 89 .5, 91 .0, 92 .3, 89 .7, 92 .0, 95 .1, 93 .2, 90 .7 and 
88 .6%, for PP were 91 .6, 92 .1, 96 .8, 82 .9, 94 .4, 92 .4, 94 .6, 92 .7, 93 .5, 
93 .8, 91 .7, 93 .3, 96 .5, 93 .3, 89 .7 and 91 .2%, and for PE were 96 .7, 96 .7, 
99 .5, 88 .5, 97 .6, 96 .3, 98 .1, 97 .3, 97 .6, 97 .5, 101 .9, 98 .3, 97 .0, 96 .7, 
93 .9 and 95 .8% respectively . In general, the enzymatic pre-digestion of 
pea improved the SID of CP and most of AAs . The standardized ileal 
digestibility of CP, Ala, Glu, Gly, His, Ile, Leu, Lys, Met, Phe and Val 
for PE were significantly higher than those obtained for P. Only SID 
value for Cys in P group was significantly higher than in PP group. The 
results of this study showed that enzymatic pre-digestion can improve 
the nutritional quality of pea for turkey nutrition .

Key Words: pea, fermentation, enzymatic pre-digestion, SID, turkey

376P   Adsorption isotherms of amino acids used in feed. Carina 
Sordi1, Diego Surek2, and Fernando de Castro Tavernari*2, 1FACC, 
Concórdia, Santa Catarina, Brazil, 2Embrapa Suínos e Aves, Concór-
dia, Santa Catarina, Brazil.

An experimental trial was carried out to determine adsorption isotherm 
of amino acids (l-lysine HCl, dl-methionine, l-threonine, l-valine and 
l-tryptophan) to predict water adsorption under different air relative 
humidities (RH%) . Amino acids samples were collected in unopened 
bags and analyzed for water activity (Aw) and moisture (M%) . Samples 
(±3g) were stored in open plastic container and dried in a silica gel 
desiccator under vacuum and at temperature of 30°C for over 24 h . 
Later, samples were transferred to a desiccator containing water and 
under controlled conditions for monitoring changes in RH% and tem-
perature every 10 min . Aw and M% (natural basis) from each sample 
was assessed at time 0; 1; 3; 5; 7; 8:30; 24 and 26 h after the beginning 
of humidification. Experiments were performed in triplicate. Aw and 
M% were estimated according to GAB’s mathematical model using 
Solver tool (Microsoft Excel) for determination of respective amino acid 
isotherms . Equation M% = (X0 .C .k .Aw)/((1-k .Aw) .(1+(C-1) .k .Aw)), 
where C and k are constants and X0 the monolayer moisture content . The 
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obtained Aw and M% from amino acid samples collected in closed bag 
were: l-lysine 0 .44 and 1 .56, dl-methionine 0 .53 and 0 .10, l-threonine 
0 .50 and 0 .05, l-valine 0 .51 and 0 .14 and l-tryptophan 0 .57 and 0 .18, 
respectively. GAB parameters and regression coefficients were: l-lysine 
X0 = 25 .46 C = 0 .063 k = 0 .869 R2 = 0 .94, dl-methionine X0 = 0 .052 
C = 158 .12 k = 0,957 R2 = 0 .76, l-threonine X0 = 0 .390 C = 0 .006 k = 
1 .008 R2 = 0 .94, l-valine X0 = 0 .056 C = 4659 .0 k = 1 .008 R2 = 0 .91 
and l-tryptophan X0 = 0 .067 C = 2550 .5 k = 0 .982 R2 = 0 .94 . Among 

the amino acids evaluated, l-lysine showed the highest hygroscopic 
characteristics and reached 14 .81% of M% in an environment condition 
with RH% of 85% . Therefore, environmental conditions seem to play an 
important role on the establishment of feed formulations due to inherent 
hygroscopic properties of the raw material . The adsorption isotherms 
provides important piece of information regarding the interference of 
environmental conditions on feed storage .

Key Words: feed, GAB model, humidity, water activity



127Poult . Sci . 94 (E-Suppl . 1)

Metabolism and Nutrition: Enzymes

377P   Effect of flax seed and enzyme supplementation on gas-
trointestinal morphology, excreta characteristics, and production 
performance in broiler chickens. K . Denise Apperson* and Gita 
Cherian, Oregon State University, Corvallis, OR.

Feeding broilers diets containing flax seed can increase n-3 fatty acids 
in meat tissues. However, non-starch polysaccharides (NSP) in flax 
seed reduce digestibility and can have a negative effect on performance . 
Addition of carbohydrase enzymes to flax-based broiler diets can reduce 
the effects of NSP . The present study evaluates the effect of 2 levels of 
flax seed (10% and 15%) and carbohydrase enzymes on gastrointestinal 
morphology, excreta characteristics, and production performance in 
broiler birds . Omegazyme (Canadian Biosystems) contains cellulase 
(2800 U/g), xylanase (1000 U/g), glucanase (600 U/g), and mannanase 
(400 U/g) . One hundred twelve 5-d-old chicks were weighed then 
assigned to one of 4 treatments: F10 (corn-soybean meal basal diet 
adjusted for 10% flax), F15 (basal diet adjusted for 15% flax), F10E 
(F10+0 .05% enzyme), and F15E (F15+0 .05% enzyme) . On d 21, birds 
were weighed, feed consumption was calculated, and excreta was col-
lected from each pen . On d 22, 1- to 2-cm samples from the duodenum 
and jejunum of one bird from each pen were collected for morphometric 
analysis . In the duodenum, an increase in villi height was observed in 
F10E (P < 0 .001) . The addition of enzyme decreased villi width in F15E 
(P = 0 .001) . Crypt depth in duodenum was not affected by treatment . 
In the jejunum, the primary site of lipid digestion in birds, villi height 
and width increased in F10E and F15E (P < 0 .001) . A 1 .2-fold increase 
in villi height was observed in F10E and F15E compared with F10 and 
F15, respectively (P < 0 .001) . Crypt depth was highest in F15E birds 
(P < 0 .0001) . Excreta dry matter was reduced in F10E (P = 0 .044) . 
Body weight and feed intake by d 21 were not affected by treatment . 
We conclude that enzymes added to flax-based broiler diets reduce the 
effects of NSP of flax seed and enhances birds’ ability to absorb nutrients 
during early growth .

Key Words: villi morphology, carbohydrase, flax, broiler, excreta

378P   Effects of different enzyme complexes on performance 
and carcass yield of broiler chickens. Lindolfo D . S . Neto*, Marcos 
B . Café, Fabyola B . Carvalho, Genilson B . Carvalho, Mariana A . Mes-
quita, José H . Stringhini, and Julyana M . S . Martins, Universidade 
Federal de Goiás, Goiânia, GO, Brazil.

The use of exogenous enzymes in broiler feeds has been associated with 
increased digestibility which may directly affect live performance and 
carcass yield of broilers . The objective of this study was to evaluate the 
effects of different enzyme complexes on live performance and carcass 
yield of broiler chickens at 42 d of age . A total of 1,260 male day-old 
Cobb 500 chicks were distributed in 42 pens in a completely randomized 
design with 7 treatments and 6 replicates of 30 birds each . The treat-
ments were basal diet (B); B + enzyme complex A - Ec A (pectinase, 
40000 U/g; protease, 700 U/g; phytase, 300 U/g; β-glucanase, 200 U/g; 
xylanase, 100 U/g; cellulase, 40 U/g; amylase, 30 U/g) SSF) + enzyme 
complex B – Ec B (protease, 7500 U/g; cellulase, 45 U/g), B + Ec A + 
Ec B + enzyme D (α-galactosidase 300 U/g); B + Ec A + enzyme D; B + 
enzyme complex C – Ce C (endo-1,4-β-xylanase, 20000 U/g; protease, 
40000 U/g; α-amylase, 2000 U/g) + enzyme D + enzyme E (6-fitase, 
5000 U/g); B + Ce C + enzyme D + enzyme F (phytase, 600 FTU/kg); 
B + Ce C + enzyme D + enzyme G (phytase, 5000 U/g) . At 42 d of age 
body weight (BW), weight gain (WG), feed intake (FI) and feed con-
version ratio (FCR) were measured and 2 broilers from each replicate 

(12 broilers/treatment) were slaughtered to determine carcass yield 
(eviscerated carcass without legs, neck and head) . Data were subjected 
to ANOVA and the means were compared using Tukey’s test (P < 0 .05) . 
No significant differences were observed (P > 0 .05) between treatments 
for performance characteristics (BW, WG, FI and FCR) . There were also 
no significant differences (P > 0 .05) for carcass characteristics (carcass 
yield, wing yield, back yield, thigh and drumstick yield and abdominal 
fat) . In this context, these results indicated that the addition of different 
enzyme complexes did not improve growth performance and carcass 
yield of broilers at 42 d of age .

Key Words: carbohydrase, enzyme, phytase, live performance, broilers

379P   Differences in fecal microbiota acquired by broiler and 
layer strains of chickens exposed to the same environment. Liliana 
Y . Nolasco-Isaula*, Kristin L . Moncada, Austin Jasek, and Rosemary 
L . Walzem, Texas A&M University System, College Station, TX.

The importance of gut microbiota to overall health, nutrient utilization 
and immune system development is increasingly recognized . The role 
of genetics in microbiota acquisition is not well studies and maybe criti-
cally important to food animals selected for specific productive traits 
such as broiler and layer strains of chicken that differ widely in growth 
rate, adiposity and feed efficiency. To evaluate this possibility we used 
NextGen sequencing to assess fecal bacterial microbiota in broiler and 
layer birds, hatched and reared in the same environment during the first 4 
weeks of life . Birds were co-housed and had free access to a commercial 
starter diet from hatch to wk 2, and a locally manufactured grower diet 
wk 3 and wk 4 . Feces were collected weekly from the same 10 birds 
per strain throughout the experiment . Phylla level analyses showed few 
differences with firmicutes (86%), proteobacteria (5.6%), bacteroidetes 
(4 .5%) and actinobacteria (3 .5%) comprising core phyla . Microbiota 
gained in complexity with age, and differences due to bird strain were 
greatest at wk 4 . A total of 18 Lactobacillus species were identified; 
sequence abundance for 7 of these differed by bird strain . The species 
level showed the greatest number of differences with 0, 11, 8 and 34 
significant (P < 0 .05, t-test) differences at wk 1, 2, 3 and 4, respectively . 
Of the 34 species identified at wk 4, only 6 had sequence abundances 
>1 .0% and the Lactobacillus spp . that differed by bird strain with the 
same relative abundance were L. intestinalis, L. aviarius, L. gallinarium, 
and L. crispatus . In conclusion, lactobacillus is the dominant genera 
present in young chickens regardless genetic strain during the first month 
post-hatch . Despite living in the same environment, broiler and layer 
birds develop different fecal microbiota as they mature .

Key Words: genetic strain, microbiota, culture independent technique, 
environmental effects

380P   Energy utilization and growth performance of broiler 
chickens fed diets containing six different wheat DDGS samples 
with and without enzyme supplementation. V . Pirgozliev*1, I . 
Whiting1, J . Wilson1, SP Rose1, W . Mirza1, and AM Amerah2, 1NIPH, 
Harper Adams University, Shropshire, United Kingdom, 2Danisco 
Animal Nutrition, Wiltshire, United Kingdom.

The study examined the effect of 6 samples of wheat DDGS produced 
by a single UK manufacturer, on N corrected apparent metabolisable 
energy (MEn), total-tract dry matter (DMR), fat (FR), N (NR) reten-
tion, and growth variables when fed to broiler chickens with or without 
enzyme supplementation . There was some variation in the nutrient 
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composition (g/kg DM) of the DDGS samples (oil 42–61; CP 274–326; 
starch 25–74; NSPs 195–214) . Six diets were obtained by mixing 85% 
of a wheat-soymeal based balancer diet (13 .11 MJ/kg ME; 219 g/kg 
CP) with 15% of each of the wheat DDGS samples . All diets contained 
TiO2 as indigestible marker . The diets were then split into 2 lots, and 
one of which was supplemented with xylanase (1220 U/kg diet) and 
b-glucanase (152 U/kg diet)), resulting in 12 experimental diets in total . 
One hundred twenty male Ross 308 broiler chickens were randomly 
allocated to 60 small pens (2 birds each) . Each diet was replicated 5 
times in a randomized complete block design . Mash diets were offered 
ad libitum from 7 to 21 d age . Excreta were collected at the last day of 
the study . The data were compared statistically by ANOVA using a 2 × 
6 factorial arrangement of treatments. Correlation coefficients were also 
generated to determine potential relationship between variables . Feeding 
diets based on different DDGS samples gave differences in dietary MEn 
(P < 0 .001), feed and MEn intakes, DMR and NR (P < 0 .05) . Enzyme 
supplementation improved overall daily MEn intake, dietary MEn, DMR 
and NR (P < 0 .001), and FR (P < 0.05) coefficients. There was DDGS 
by enzyme interaction (P < 0 .05), and a tendency (P = 0 .1) for interac-
tion for feed intake and feed efficiency, suggesting that the enzyme 
may improve feeding value of different DDGS samples differently . No 
correlations (P > 0 .05) were found between birds growth performance 
and chemical composition of DDGS samples . The current study has 
shown that adding enzyme combination of xylanase and b-glucanase 
to DDGS supplemented diets improves dietary energy and nutrients 
availability for growing broilers .

Key Words: DDGS, enzyme, ME, broiler

381P   Effect of inorganic phosphorus displacement by phytase 
on performance and calcium and phosphorus levels of broiler 
chicken fed different cereal based diets. Oluwafunmilayo Olu-
wanifemi Adeleye* and Adedotun Adewale Ajayi, Agricultural Bio-
chemistry and Nutrition, Department of Animal Science, University of 
Ibadan, Ibadan, Nigeria.

The effect of displacement of inorganic phosphorus by a microbial 
phytase in different cereal-based diets was investigated in this study . A 
49 d trial was carried out on 180 unsexed day old broiler chicks divided 
into 6 treatments with 3 replicates each in a completely randomized 
design . A maize-soybean (Diet 1) and wheat-soybean (Diet 4) served 
as controls, and 50% displacement of the di-calcium phosphate (DCP) 
in the controls by Ronozyme P5000 at 300g/ton constituted diets 2 and 
5 . A total displacement of DCP with phytase at same level constituted 
diets 3 and 6 . On d 49, 2 birds per replicate were slaughtered and tibia 
harvested, blood samples were also collected . Tibia and serum calcium 
and phosphorus levels were assayed . Bird performance; weight gain 
(WG), feed intake (FI), feed conversion ratio (FCR) and age to 2 .45kg 
(AGE) were also investigated . WG and FCR of birds on the maize-
soybean diets were significantly affected by total displacement of DCP 
by phytase in the starter phase with FCR of 1 .33 for birds on Diet 1 
(CTR) and 1 .55 for birds on Diet 3 . A similar trend was observed for 
FCR of birds on the wheat-soybean diets (1 .39 for diet 4 and 1 .46 for 
diet 6) . However, partial and total displacement of DCP by phytase did 
not significantly affect performance in the finisher phase or the overall 
study period for both cereal-based diets . AGE was also not affected by 
DCP displacement for the maize-soybean diets; however, it was signifi-
cantly affected in the wheat-soybean diets with birds on diet 4 at 49 .20 
d and diet 6 at 51 .15days . Tibia and serum calcium and phosphorus 
levels were not significantly affected by partial and total displacement 
of DCP with phytase . In conclusion, optimum broiler performance and 
calcium and phosphorus levels in the tibia and serum can be maintained 

in broilers despite partial or total displacement of inorganic phosphorus 
by microbial phytase on different cereal based diets .

Key Words: inorganic phosphorus, microbial phytase, broiler perfor-
mance, phosphorus, calcium

382P   Supplementary xylanase improves hepatic vitamin A con-
tent in broiler chickens. V . Pirgozliev*1, F . Karadas2, S . P . Rose1, and 
A . M . Amerah3, 1NIPH, Harper Adams University, Shropshire, United 
Kingdom, 2Yuzuncu Yil University, Van, Turkey, 3Danisco Animal 
Nutrition, Wiltshire, United Kingdom.

The objective of this study was to determine the effect exogenous 
xylanase on dietary apparent metabolisable energy (ME), dry matter 
(DMR) and nitrogen (NR) total-tract retention coefficients and hepatic 
vitamin A concentration of broiler chickens fed wheat-soybean based 
diets . Ninety-six male broilers (Ross 308) were randomly assigned to 
2 dietary treatments (8 cages per treatment of 6 each) from d 7 to 21 . 
The control diet was based on wheat-soybean meal and was either 
unsupplemented or supplemented with 2000 xylanase units per kg . The 
control diet was manufactured to be adequate in protein but relatively 
low in energy (223 g/kg CP; 12 .13 MJ/kg ME) compared with breeders’ 
recommendation (Aviagen Ltd ., Edinburgh, UK) . Diets were fed as mash 
and included TiO2 as indigestible marker . Excreta were collected over 
night when birds were 21d old and subjected to analysis . At the end of 
the study, one bird from each pen was euthanized and their livers were 
collected for further analyses . The data were compared statistically by 
ANOVA . Feeding xylanase tended (P = 0 .071) to improve dietary ME, 
and improved (P < 0 .05) the hepatic vitamin A content of the birds . 
Supplementary xylanase had no effect (P > 0 .05) on DMR and NR . The 
current experiment has shown that supplementing xylanase to a wheat-
based diet improves the hepatic vitamin A content of growing broilers .

Key Words: xylanase, broiler, ME, hepatic vitamin A

383P   Effect of protease on top of xylanase and amylase in com-
bination with a direct-fed microbial on the performance of broiler 
chickens fed high levels of corn DDGS. Ahmed M . Amerah*1, Luis 
F . Romero1, and Velmurugu Ravindran2, 1Danisco Animal Nutrition, 
Marlborough, United Kingdom, 2Institute of Veterinary, Animal and 
Biomedical Sciences, Massey University, Palmerston North, New 
Zealand.

The aim of the present experiment was to examine the influence of pro-
tease (P) on top of xylanase (X) and amylase (A) in combination with a 
direct-fed microbial (DFM) on the performance of broiler chickens fed 
high levels of corn DDGS (15 and 20% for the starter and the grower 
phases, respectively) . Five hundred four 1-d-old broiler chicks were 
randomly assigned to 4 dietary treatments (6 pens/treatment of 21 male 
broilers each) . A nutritionally adequate, positive control (PC) diet based 
on corn/corn DDGS-soy was formulated . The negative control (NC) 
diet was formulated to be lower in metabolizable energy (110 kcal/ kg 
diet) and amino acids (~4%) compared with PC . The other 2 treatments 
were based on the NC and both contained Bacillus spp . DFM . They 
were either supplemented with X and A (XA) or a combination of X, 
A and P (XAP to provide 2000 U of xylanase, 200 U of amylase, and 
4,000 U of protease/kg) . All diets contained Buttiauxella sp . phytase 
(500 FTU/kg) in the background and accounted for the Ca and avP 
contribution . Diets were pelleted and fed ad libitum in both the starter 
(0–21 d) and the grower (21–35 d) phases . Data were subjected to one 
way ANOVA using the JMP 11 .0 software and means were separated 
by Student’s t-test . Over the entire period (1–35d) adding P on top of 
XA+DFM combination improved (P < 0 .05) weight gain (WG) by 2 .9% 
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compared with XA+DFM . Both XA+DFM and XAP+DFM treatments 
were not different (P > 0 .05) from PC for WG and body weight corrected 
FCR (FCRc) . NC had the lowest (P < 0 .05) WG and worst (P < 0 .05) 
FCRc compared with the other dietary treatments . Feed intake was not 
influenced (P > 0 .05) by dietary treatment . It can be concluded that 
although carbohydrase enzymes (XA)+DFM improved performance 
compared with the NC, there was an additional benefit of adding P on 
top of XA+DFM on broiler performance .

Key Words: broiler, carbohydrase, protease, enzyme, direct-fed 
microbial

384P   Withdrawn. 

385P   Withdrawn. 

386P   Effect of supplemental multi-enzymes on growth perfor-
mance of broilers fed low and high fiber diets. Amit K . Singh*1, 
Julio F . Diaz Berrocoso1, Utsav P . Tiwari1, Yueming Dersjant-Li2, 
Ajay Awati1, and Rajesh Jha1, 1University of Hawaii at Manoa, Hono-
lulu, HI, 2Danisco Animal Nutrition, United Kingdom.

This experiment evaluated the effects of multi-enzymes (providing 2,000 
U of xylanase, 200 U of amylase, and 4,000 U of protease per kg diet) 
to low and high fiber diets on the overall growth performance based on 
average daily feed intake (ADFI), average daily gain (ADG) and feed 
conversion ratio (FCR) in Cobb 500 broilers . A 2 × 2 factorial design 
with 8 replicate cages (8 birds/cage; in 2 runs) was used . The treatments 
included 2 fiber levels: low fiber diets based on corn and SBM; high fiber 
diets with addition of wheat, wheat middling, canola meal and DDGS . 
Each fiber diet was supplemented with or without multi-enzymes. Test 
diets were pelleted and fed to the broilers from 0 to 21days of age, all 
diets contained 500 FTU/kg phytase in the background . Overall 3-wk 
data showed that high fiber diet increased ADFI and FCR (feed/gain) 
(P < 0.05) compared with low fiber diet. The enzyme supplementation 
improved ADFI, ADG and reduced FCR compared with control . The 
multi-enzyme supplementation improved (P < 0.005) ADFI in low fiber 
diets and reduced FCR in high fiber diet. A fiber × additive interaction (P 
< 0 .05) was found for ADFI and FCR . The results infer that the addition 
of multi-enzymes can assist in optimal utilization of fibrous feedstuffs 
for better average daily gain with comparably same amount of relatively 
cheaper feed than low fiber conventional diet.

Key Words: broiler, enzyme, feed conversion ratio, fiber, growth 
performance

387P   Effects of a protease on nutrient digestibility of full fat 
soybean. Bernardo F . Iglesias*1, Jorge O . Azcona1, Claudia I . Gall-
inger2, Francisco J . Federico2, José O . Sorbara3, and Roselina Angel4, 
1Sección Aves, INTA-EEA Pergamino, Buenos Aires, Argentina, 
2INTA-EEA Concepción del Uruguay, Entre Ríos, Argentina, 3DSM 
Nutritional Products, São Paulo, SP, Brazil, 4University of Maryland, 
College Park, MD.

Two experiments (Exp) were conducted to evaluate the effect of full fat 
soybean (FFSB) processing method and inclusion of a protease (Rono-
zyme ProAct, DSM) on amino acid digestibility (dig AA) and AME . 
Male Cobb-500 broilers (320, 25 d old) were assigned randomly to 64 
cages (5 birds/pen, n = 8) . The Exp diets resulted from a 4x2 factorial 
arrangement of 4 FFSB heat treatments (Extruded (EXT) at 115 and 
142°C, heat treated (HT) with hot air or steam) and 2 protease levels (0 
and 200ppm) . The substitution method was used in Exp 1 to determine 

AME and in Exp 2 a substitution of the FFSB into a nitrogen free diet 
was used to determine standardized DIG AA . Data were analyzed by 
ANOVA and Duncan’s test . No interaction was found in Exp 1 and thus 
main effects are reported . FFSB EXT at 115°C had the worst AME, 
while FFSB Steam and Air were similar but higher (P ≤ 0.05) than the 
FFSB EXT at 115°C . FFSB EXT at 142°C had the highest AME but 
was only higher than FFSB EXT at 115°C and FFSB Air . Adding 200 
ppm of the protease improved AME by 148 kcal/kg (main effect, P ≤ 
0 .05) . In Exp 2, an interaction between HT and protease was seen for 
Dig Lys and TSAA (P ≤ 0.05). Improved in Dig Lys and TSAA was 
observed when protease was added to either FFSB EXT at 142°C or 
FFSB Air (P ≤ 0.05). However, the use of protease in diets with FFSB 
EXT at 115°C or FFSB Steam resulted in no improvements (P > 0 .05) 
in Dig Lys or TSAA . FFSB EXT at 142°C had the highest DIG Thr (P 
≤ 0.05), followed by Steam, EXT at 115°C and Air without differences 
between the last 3 . In conclusion among HT methods FFSB EXT at 
142°C was the best, while FFSB EXT at 115°C had the worst AME and 
FFSB Steam and Air were intermediate . Protease addition consistently 
improved AME of FFSB by148 kcal/kg, protein digestibility by 4 .8% 
and DIG Thr by 7 .8% independently of deactivation processes . Direct 
comparison between treatments is confounded as only FFSB EXT at 
115 and 142°C came from the same batch of soybeans .

Key Words: chicken, deactivation, energy, amino acid, heat treatment

388P   The synergistic action of xylanase and debranching 
enzymes for production of arabinoxylan oligosaccharides as 
carbon source for Lactobacillus brevis and Bacillus subtilis. Zhao 
Lei*, Yuxin Shao, Xiaolan Yin, Yunshuang Yue, and Jianmin Yuan, 
State Key Laboratory of Animal Nutrition, College of Animal Science 
and Technology, China Agricultural University, Beijing, China.

Arabinoxylan is the main anti-nutritional factor in wheat and its hydro-
lysis product is arabinoxylan oligosaccharides, which can be used as a 
prebiotic . This study was carried out to evaluate the prebiotic effects of 
arabinoxylan oligosaccharides and the synergistic degradation effects 
of xylanase combined with debranching enzymes (arabinofuranosidase 
and feruloyl esterase) on water-soluble arabinoxylan and water-insoluble 
arabinoxylan from wheat .The synergistic effects between treatments 
were compared by assessing yields of arabinose, xylose, xylobiose, 
xylotriose, xylotetraose . In general, the production of monosaccharide 
and oligosaccharides (xylobiose, xylotriose, xylotetraose) from water-
insoluble arabinoxylan were lower than water-soluble arabinoxylan (P 
< 0 .05) . For both substrates, either addition of arabinofuranosidase or 
feruloyl esterase could accelerate the action of hydrolysis . The superior 
synergistic effect was observed between xylanase and arabinofurano-
sidase or feruloyl esterase on water-soluble arabinoxylan and water in-
soluble arabinoxylan in sequential reactions, respectively . Arabinoxylan 
oligosaccharides obtained from all treatments showed better proliferative 
effect on Lactobacillus brevis and Bacillus subtilis compared with fructo-
oligosaccharides (P < 0 .05) . In summary, the cleavage of side chains of 
arabinoxylan accelerated arabinoxylan depolymerization and promoted 
the production of arabinoxylan oligosaccharides, which is a good carbon 
source for Lactobacillus brevis and Bacillus subtilis .

Key Words: xylanase, debranching enzyme, synergistic action, arabi-
noxylan, prebiotic effects

389P   Trypsin inhibitors and a protease effect on broilers perfor-
mance. Bernardo F . Iglesias*1, Jorge O . Azcona1, María V . Charrière1, 
José O . Sorbara2, and Rafael G . Hermes2, 1Sección Aves, INTA-EEA 
Pergamino, Buenos Aires, Argentina, 2DSM Nutritional Products, São 
Paulo, SP, Brazil.
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A study was conducted to evaluate the effect of a protease in diets with 
different trypsin inhibitor (TI) levels on broilers performance . A total 
of 480 1-d old Cobb-500 male broilers were assigned randomly to floor 
pens (8 replicates per treatment (Trt), 15 birds per pen) . There were 4 
Trt resulting from a 2 trypsin inhibitor (TI) levels times and 2 protease 
(Ronozyme Proact by DSM) levels (0 and 200 ppm) . The protease added 
at 200 ppm resulted in 15,000 protease units/kg of feed . The diets were 
corn-SBM with extruded full fat soybeans (Ext FFSB) of 2 TI concen-
trations (10 .4 and 30 .5 TIU/mg) with or without protease . Performance 
(BW, FI, FCR) was determined at 21 and 42d of age . Data were analyzed 
by ANOVA and means separated by Duncan’s multiple range test . No 
interactions were observed (P > 0 .05) between TI and protease levels for 
FI, BW and FCR, thus main factors are reported . Compared with low TI 
(10 .4 TIU/mg), high TI concentration (30 .5 TIU/mg) reduced broilers 
performance (P = 0 .05) at 21 d of age: BW (662 vs 807g), FI (1,072 vs 
1,152g) and FCR (1 .620 vs 1 .428) and at the end of trial: BW (2,432 vs 
2,695g), FI (4,568 vs 4,742g) and FCR (1 .879 vs 1 .760) . The inclusion 
of protease improved (P = 0.05) the BW during the starter and finisher 
phases (726 vs 743g and 2,541 vs 2,586g, respectively) and also the 
FCR (1 .540 vs 1 .508 and 1 .830 vs 1 .808, respectively) . In conclusion, 
high dietary TI concentrations may reduce broilers performance, whereas 
the use of protease may overcome these negative effects, independently 
of dietary TI concentration .

Key Words: antinutritional factor, enzyme, poultry, soybean process

390P   The effect of combining microbial phytase and protease 
on performance of broiler chicks fed diets containing reduced 
levels of available phosphorus, amino acids and energy. Megharaja 
K . Manangi*, Mike Wehmeyer, Karen Wedekind, Juxing Chen, 
Junmei Zhao, and Mercedes Vazquez-Anon, Novus International Inc., 
St. Charles, MO.

A 42d experiment was conducted to evaluate the effects of supplementa-
tion of an inherently thermostable next-generation microbial 6-phytase 
(Cibenza Phytaverse G10) in combination with a protease (Cibenza 
DP100) in broiler chicks fed reduced levels of available phosphorus (aP), 
amino acids, and energy corresponding to matrix values assigned for each 
of the products using Corn-SBM mixed diets . A total of 1512 Ross-308 
male chicks were assigned to 6 treatments with 12 pens/treatment and 21 
chicks/pen . The data were analyzed using 1-way ANOVA and means were 
separated using LSDs at P ≤ 0.05. Treatments consisted of reduced levels 
of aP, amino acids/CP and energy from the positive control (T6) . Test diets 
included: T1 (−ve control); T1+ phytase at 500U/kg diet, T2; T1+protease 
at 0 .05% of the diet, T3; T1+phytase at 500U/kg diet + protease at 0 .05% of 
the diet, T4; T3+0 .15% aP from di-calcium phosphate (DCP), T5; industry 
levels of aP, amino acids/CP, and energy, T6 (+ve control) . For T1 the 
energy was reduced by ~67kcals, CP by ~5%, Lys by ~4%, TSAA by ~5%, 
Thr by ~7%, and Trp by ~6% across phases compared with T6 . Increased 
level of aP for T5 was maintained using DCP . At d 28 weight gain, FCR 
and performance index (PI) for T1 was lower compared with T2, T4, T5, 
and T6 (P < 0 .05) but similar to T3 . T3 response that was similar to T1 was 
expected since the phosphorus was limiting, and protease was not expected 
to release P. Supplementing phytase to T1 significantly improved gain, 
FCR and PI but the response was lower than T4 (P < 0 .05) . When both 
enzymes were added together (T4) gain, FCR and PI were significantly 
higher than supplementation of either of individual enzymes (T2 or T3) . 
Further, the responses for gain and PI were not different from +ve control 
(T6) . End of the trial outcome indicated that the PI response was similar 
to 28d responses . In summary, under the experimental conditions tested 
the data from d 28 and 42 indicates that combining phytase and protease 
with their full nutrient value leads to improved performance further than 
the enzymes supplemented separately .

Key Words: phytase, protease, broiler

391P   Nutrient digestibility and performance of broilers fed 
diets with phytase. Gabriel Villela Dessimoni Pinto1, Nilva Kazue 
Sakomura*1, Daniella Carolina Zanardo Donato1, Danilo dos Santos 
Constant1, Juan Ignacio Fernández2, and Fábio Goldflus3, 1Univer-
sidade Estadual Paulista - Faculdade de Ciências Agrárias e Veter-
inárias, Jaboticabal, São Paulo, Brazil, 2Andres Pintaluba S.A., Reus, 
Spain, 3GoldFeed Nutrição e Saúde Animal, São Paulo, Brazil.

The high cost of inorganic phosphate has encouraged the use of phytase 
to increase the availability of dietary phosphorus (P) for non-ruminants . 
Thus, the aim of this study was to evaluate nutrient digestibility and 
performance of broilers fed diets supplemented with phytase . Eight 
hundred ninety-six male broilers (Cobb 500) were distributed in a com-
pletely randomized design with 4 treatments and 8 replicates of 28 birds 
each . The treatments consisted of a positive control (PC) diet, meeting 
all nutritional requirements; a negative control (NC) diet, with reduction 
of 100kcal/kg of metabolizable energy (ME), 0 .11% of Ca and 0 .14% 
of available P (avP); NC+phytase (500 FTU/kg); and PC+phytase (500 
FTU/kg) . The phytase used was produced from E. coli bacteria (Phytafeed 
GR 5000G), provided by Andres Pintaluba . Celite at 1% was added as 
indigestible marker in all experimental diets . At 21 d, 10 birds per pen 
were slaughtered and the ileal content was collected for analysis . NC 
diet presented lower apparent digestible energy (ADE; 2901 cal/g) and 
P digestibility coefficient (57.8%) in comparison to PC (3024 cal/g and 
61.0%, respectively). However, Ca digestibility coefficient was higher in 
NC than in PC (64.3% vs. 54.8%), showing that Ca was most efficient in 
a limiting diet . The inclusion of phytase on NC diet increased digestibility 
coefficients for dry matter (0.6%), crude protein (1.7%), and P (18.3%) 
and has also increased ADE (112 cal/g) . The phytase supplementation on 
PC diet increased the digestibility coefficients of crude protein (0.3%), 
Ca (7 .8%) and P (12 .5%), as well as ADE (70 cal/g) . At 42 d, feed intake 
(FI), body weight gain (BWG) and feed conversion ratio (FCR) were 
evaluated . The reductions on ME, Ca and avP were enough to worsen 
FI, BWG and FCR . A comparison between NC and NC+phytase results 
showed that phytase supplementation increased FI (5 .3%), BWG (8 .8%) 
and improved FCR (5 .0%) . In relation to PC and NC+phytase results, 
both treatments presented similar FI and BWG . The improvement in 
broiler’s performance can be attributed to the increase on the digestibility 
of nutrients, especially phosphorus, released by phytate breakdown .

Key Words: digestibility, nutrient, phytate, requirements, phosphorus

392P   Ideal level of E. coli and Buttiauxella phytases on perfor-
mance and bioavailability of phosphorus. Gabriel Villela Dessimoni 
Pinto1, Nilva Kazue Sakomura*1, Daniella Carolina Zanardo Donato1, 
Mirella Cunha Melaré1, Yueming Dersjant-Li2, and Ceinwen Evans2, 
1Universidade Estadual Paulista, Faculdade de Ciências Agrárias e 
Veterinárias, Jaboticabal, São Paulo, Brazil, 2Danisco Animal Nutri-
tion, DuPont Industrial Biosciences, Marlborough, United Kingdom.

This study evaluated the effects of 2 microbial phytases on performance 
and bioavailability of phosphorus in diets for broiler chickens . A total 
2,160 Cobb 500 male day old chicks were distributed in a completely 
randomized design to 9 treatments with 8 replicates . The treatments were: 
Positive Control (PC); Negative Control 1 (NC1) – reduction of 0 .14% 
AvP and 0 .13% Ca; Negative Control 2 (NC2) - reduction of 0 .17% AvP 
and 0 .16% Ca; NC2 + phytase A (Buttiauxella phytase, 250 FTU/kg); 
NC2 + phytase A (500 FTU/kg); NC2 + phytase A (1000 FTU/kg); NC2 
+ phytase B (E. coli phytase, 250 FTU/kg); NC2 + phytase B (500 FTU/
kg); and NC2 + phytase B (1000 FTU/kg) . Standard curve method was 
utilized to obtain the bioavailability of P in response of BWG . Regressions 
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were performed on performance data to determine the optimal inclusion 
level of each phytase . The maximum BWG was estimated at 492 FTU of 
phytase A, with 7% higher response than NC2 diet . It was not possible to 
determine the maximum BWG of phytase B, because of its linear response . 
Feed intake increased 6% to both phytases in comparison to NC2, with 
phytases A (460FTU) and B (1032FTU) . Feed conversion ratio was not 
affected by any of the phytases . The ideal levels of phytases A and B 
supplementations are 500 and 1000 FTU/kg, respectively, which showed 
a P bioavailability of 0 .17 and 0 .19% . Supplementation of both phytases 
reduced levels of total phosphorus and soluble phosphorus excretion com-
pared with PC . Both phytases are cost effective at all levels tested . Thus, 
the supplementation of the phytase levels found in this study can reduce 
P excretion, increasing bioavailability of phosphorus and performance 
responses . Both phytases improved performance of broilers, however, 
phytase A showed higher efficacy than phytase B.

Key Words: performance, broiler, Buttiauxella phytase, bioavailability 
of phosphorus

393P   Exploratory analysis to evaluate fungal and bacterial 
phytases. Gabriel Villela Dessimoni Pinto, Nilva Kazue Sakomura*, 
Daniella Carolina Zanardo Donato, Bruno Balbino Leme, Guilherme 
Henrique Silva, and Antonio Sergio Ferraudo, Universidade Estadual 
Paulista, Faculdade de Ciências Agrárias e Veterinárias, Jaboticabal, 
São Paulo, Brazil.

The trial was conducted to evaluate differences between fungal and 
bacterial phytases, supplemented in corn and soybean meal based diets 
deficient in phosphorus on performance, weight and bone ash and bio-
availability of P . A total of 2,205 Cobb 500 male day-old chicks were 
assigned to 7 treatments and 7 replicates . Each experimental unit con-
tained 45 birds and were distributed in a completely randomized design . 
The treatments were: Positive Control (PC) - diet meeting the nutritional 
requirements of the birds (0 .345 and 0 .295% avP for initial and growing 
phases, respectively); Negative Control 1 (NC1) - reduction of 0 .06% 
avP; Negative Control 2 (NC2) - reduction of 0 .12% avP; NC2 + Fungal 
Phytase 1 (F1); NC2 + Fungal Phytase 2 (F2); NC2 + Bacterial Phytase 
1 (B1); and NC2 + Bacterial Phytase 2 (B2) . The phytases F1 and F2 
were produced by Peniophora lyci and Aspergillus niger, respectively . 
The bacterial phytases (B1 and B2) were produced by Escherichia coli . 
All phytases were included in the concentration of 500 FTU/kg . Perfor-
mance, bone characteristics and phosphorus bioavailability were evalu-
ated at 21 and 35 d . Exploratory multivariate analyzes of the data were 
performed . The multivariate techniques: cluster analysis by hierarchical 
method, principal component analysis and discriminant analysis were in 
agreement and confirmed that the positive control and negative control 
has very specific and contrasting properties. Fungal phytases (F1 and 
F2) can be considered as having the same pattern of responses, as well 
as bacterial phytases (B1 and B2) . The phytases of both origins showed 
a superior process compared with the negative control; however, they 
were not able to equalize to the positive control diet . Bacterial phytases 
were more similar to positive control than fungal phytases .

Key Words: bone characteristics, broiler, multivariate analysis, perfor-
mance, phosphorus bioavailability

394P   Effect of enzyme supplementation on the energy content 
of corn, wheat, and barley in 22-d-old broilers. L . Cámara1,2, M . V . 
Kimiaeitalab1, P . Guzmán1, C . E . Gewehr1,3, C . R . Angel4, A . Smith5, 
and G . G . Mateos*1,2, 1Departameto de Producción Agraria, Uni-
versidad Politécnica de Madrid, Madrid, Spain, 2CEI Campus Mon-
cloa, UCM-UPM, Madrid, Spain, 3Universidade do Estado de Santa 
Catarina, Lages, Brazil, 4Department of Animal and Avian Sciences, 

University of Maryland, College Park, MD, 5DSM Nutritional Prod-
ucts (UK) Ltd., Heanor, Derbyshire, United Kingdom.

We studied the effects of a commercial multi-enzyme complex [with a 
minimum of 8,000 U/g of endo-1,4-β-glucanase, 18,000 U/g of endo-
1,3(4)-β-glucanase and 26,000 U/g of endo-1,4-β-xylanase (XYL); 
Roxazyme G2 G, DSM Nutritional Products, Basel, Switzerland] and 
a mono component serine protease (PRO; Ronozyme ProAct, DSM 
Nutritional Products) on the AMEn of 3 cereals in 22-d-old broilers . The 
design was a 3 × (2 × 2) factorial arrangement of 3 cereals (corn, wheat 
and barley), 2 levels of XYL (0 vs . 100 mg/kg), and 2 levels of PRO (0 
vs . 200 mg/kg to give 0 and 15,000 PROT units/kg feed) . Each of the 12 
treatments was replicated 24 times and the experimental unit was a cage 
with 8 birds . Birds were fed a commercial corn-soybean meal diet from 
1 to 18 d of age, followed by the experimental diets, that consisted of a 
92:8 mixture of the cereal and a nitrogen free diet to 22 d of age . No inter-
actions (P > 0 .10) between cereal tested and enzymes supplementation 
were detected . The AMEn content was higher for corn and as compared 
with barley (2,789 and 2,751 vs . 2,619 kcal/kg; P < 0 .001) . XYL (2,757 
vs . 2,682 kcal/kg; P < 0 .05) and PRO (2,761 vs . 2,679 kcal/kg; P < 0 .05) 
supplementation increased the AMEn of the diets . However, the combi-
nation of both enzymes complexes had no additional effect over that of 
the individual enzymes . Trends observed in short-term digestibility trials 
when combining different enzyme activities may not reflect the response 
seen when fed in the diet from d 1 or the response to multiple enzymes 
on animal performance . In summary, the AMEn of the diet was similar 
for corn and wheat and higher for both than for barley . Supplementation 
with XYL or/and PRO increased AMEn of the grains tested .

Key Words: AMEn, broiler, cereal, protease, xylanase

395P   Effects of dietary crude protein levels and exogenous pro-
tease on performance and nutrient utilization in Broilers. Dong-
dong Li*, Xuemei Ding, Zongrui Li, and Keying Zhang, Sichuan 
Agricultural University, Chengdu, Sichuan, China.

The experiment were conducted to study the effect of an exogenous pro-
tease in different crude protein (CP) levels broiler diets on performance 
and nutrient utilization of Broilers and to investigate whether the addi-
tion of protease can reduce the level of dietary protein . A 3 × 3 factorial 
design with 3 CP levels (starter 21, 20, and19%; grower 19, 18, and 17%) 
and 3 protease levels (0, 150, and 300 mg/kg, enzyme activity unit 10 × 
104 U/g) . High CP diet was a positive control (PC), low CP diets were 2 
negative control (NC1, NC2) . In total, 1,080 1-d-old AA male broilers 
were randomly assigned to 9 treatments with 6 replicates of 20 broilers . 
Six broilers with the average weight per group were chosen on d 42 and 
used in a metabolism experiment using the TME method . The results 
showed that the dietary CP levels had a significant effect on feed-to-gain 
ratio (F/G), body weight (BW), and average daily feed intake (ADFI) (P 
= 0 .05) . PC had a better F/G and BW (P < 0 .05), ADFI (P = 0 .05) than 
NC2 . Protease supplementation had no effects on BW and ADFI, but 300 
mg/kg protease supplementation had a lower F/G (P < 0 .05) . A protease 
× CP levels interaction on apparent digestibility of Ala, Val, Ile, Leu, Tyr, 
Pro was detected . The apparent digestibility of CP and Thr, Ser, Gly, Tyr, 
Phe in PC was significantly higher than that in NC2, while the apparent 
digestibility of Ala and Val in PC was significantly lower than that in 
NC2 . Digestibility of CP with the addition of protease 300 mg/kg was 
increased compared with 0 mg/kg protease groups . 150 mg/kg protease 
groups had a better apparent digestibility of Arg . It is included that the 
appropriate high levels of dietary CP improve the apparent digestibility 
of CP and most of AA, and then improve the broiler growth performance . 
Exogenous protease at 300 mg/kg had positive effects .

Key Words: amino acid, broiler, protease, crude protein, performance
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396P   Effect of a carbohydrase complex on performances of 
broilers reared under a high temperature condition. Victoria 
Dufourcq1, Roberto Montanhini Neto*2, Friedrich Rouffineau2, Jean-
François Gabarrou1, Aurélie Preynat2, and Estelle Devillard2, 1INPT-
EI-PURPAN, Toulouse, France, 2Centre of Expertise and Research in 
Nutrition, Adisseo France SAS, Malicorne, France.

Carbohydrases are highly recommended to improve the digestibility of 
common poultry diets . Besides direct effects on digestibility, these addi-
tives could also contribute to better overall health and better resistance 
to stress observed in poultry farms . Carbohydrases could indeed be 
useful when a decrease of performances occurs in challenging farming 
conditions . A study was carried out to evaluate the effect of the addition 
of a carbohydrase complex on performances of broilers raised under 
heat stress condition . 384 d-old Ross PM3 male broilers were uniformly 
distributed among 48 cages in 2 rooms, enabling the study of different 
climates . Room A’s environment was programmed to follow the Ross 
PM3 broiler stock managing recommendations . Room B had the same 
program, but included an 8 h heat period of stress at 30°C and 75% of RH . 
Birds were fed a balanced corn-soya diet (in 3 stages) . In each room, half 
of the cages (24) were fed a commercial carbohydrase complex (Rovabio 
Excel LC) addition . Weight gain and consumption were measured weekly 
for 5 weeks. Heat stress significantly reduced feed consumption (3437 g 
vs . 3548 g, P < 0 .05) and growth (2189 g vs . 2326 g, P < 0 .0001) of the 
animals. Feed consumption ratio (FCR) did not significantly decrease 
(1.60 vs. 1.54). Carbohydrase addition significantly improved (P < 0 .02) 
the growth of broilers in normal conditions (+1 .1%) and in heat stress 
conditions (+3.1%). They also improved the FCR in normal (−0.04) and 
in heat stress conditions (−0.13). These results show that carbohydrase 
addition can be used to compensate the negative effects of some environ-
mental conditions that are detrimental on growing broiler performances, 
even with a diet poor in non-starch polysaccharide content .

Key Words: broiler, carbohydrase, heat stress, performance

397P   Effect of three commercial bacterial phytases on the 
performance of broilers fed diets with low available phosphorus 
levels. T . S . Santos*, E . P . Neto, M . V . Bruschini, J . R . Sartori, M . M . 
P . Sartori, J . C . Denadai, M . M . Ayoagi, P . S . Gentile, N . C . Alexandre, 
A . L . Silva, M . R . Santana, J . C . R . Rezende, and F . G . Luiggi, Univer-
sidade Estadual Paulista Júlio de Mesquita Filho, Botucatu, SP, Brazil.

Phytase has been used in diets to improve the availability of phosphorus 
bound to phytate molecule, energy and other nutrients such as bivalents 
minerals . Its utilization reduces feed costs and also reduces the adverse 
effects of excess phosphorus excreted into the environment, but these 
benefits may depend upon the source of phytase and the dietary level of 
available phosphorus (aP) . This study evaluated the effect of three commer-
cial bacterial phytases derived from E. coli on the performance of broilers 
fed diets with low available phosphorus (aP) levels . 2,100 one-day male 
Cobb chickens were housed in 70 pens in a completely randomized design 
including 10 treatments and 7 replicates each . The treatments were (1) diet 
without phytase with 0 .45% aP in the starter (S) and 0 .40% aP in the grower 
(G) phase; (2) Phytase 1 and 0 .33% (S) and 0 .28% (G) aP; (3) Phytase 2 
and 0 .33% (S) and 0 .28% (G) aP; (4) Phytase 3 and 0 .33% (S) and 0 .28% 
(G) aP; (5) diet without phytase with 0 .33% (S) and 0 .28% (G) aP; (6) diet 
without phytase with 0 .35% (S) and 0 .30% (G) aP; (7) Phytase 1 and 0 .23% 
(S) and 0 .18% (G) aP; (8) Phytase 2 and 0 .23% (S) and 0 .18% (G) aP; (9) 
Phytase 3 and 0 .23% (S) and 0 .18% (G) aP; (10) diet without phytase with 
0 .23% (S) and 0 .18% (G) aP . Diets were based on corn and soybean meal, 
according to Rostagno et al . (2011) recommendations (0 .45% aP to starter 
1-21 d and 0 .40% aP to grower 22-35 d) in Treatment 1, and with the other 
low aP level treatments . Dietary supplementation of the 3 test phytases 

were the same at 500 FTU/kg . Data were submit to analysis of variance 
and means were compared by Tukey test (P < 0 .05) . Broilers fed with diets 
without phytase and lower aP levels (10) exhibited the worst body weight, 
daily weight gain, feed intake and feed conversion ratio at 21 and 35 d of 
age as compared with the other treatments (P < 0 .05) . At 35 d, phytases 
treatments (2, 3, and 4) had similar growth performance as treatments 1 
and 5 . The phytase treatments (7, 8, 9) had similar growth performance 
as 5 and 6, but were inferior to Treatment 2, 3, and 4 . Regardless of the 
source, the response to phytase is viable at low dietary aP levels . Very low 
aP levels without phytase decreases the performance and the inclusion of 
phytase may not be sufficient to reverse this.

Key Words: phytate, enzyme, mineral

398P   Effect of xylanase and energy density on egg production, 
egg quality, and body composition in laying hens during feed restric-
tion. Roshan Adhikari*1, Amy Batal2, and Woo Kyun Kim1, 1University 
of Georgia, Athens, GA, 2Huvepharma Inc., Peachtree City, GA.

An experiment was conducted for 12 wk to evaluate the effect of xyla-
nase (Hostazym X, Huvepharma Inc .) supplementation in various energy 
density diets on hen performance, egg quality and energy distribution 
when hens were fed different energy density diets containing 90% of 
daily metabolizable energy requirement . A total of 96, 32-wk old laying 
hens, were randomly assigned as one bird/cage to 6 Corn/SBM/DDGS 
based diets arranged in 3 by 2 factorial design, with 3 levels of energy 
(2,650, 2,800, and 2,950 kcal/kg varied by addition of supplemental fat); 
with or without 0 .01% xylanase supplementation . Each hen was pro-
vided a restricted diet containing 90% of energy requirement to ensure 
they ate all the feed provided . Feed intake, egg production, egg quality 
parameters were measured biweekly . At the end of wk 12, 48 birds were 
euthanized and body composition was measured using dual energy x-ray 
absorptiometry (DXA) and fat pad weight was recorded . There was no 
effect of fat or enzyme on hen-day egg production (HDEP) . Interaction 
(P < 0 .044) between energy density and enzyme supplementation was 
observed in feed conversion (feed intake/egg weight) at wk-10 of the 
study. Feed conversion was significantly improved at wk 2, 4, 6, 8, and 
12, with higher energy density in the diet . There was an interaction (P 
< 0 .031) between enzyme and energy density on egg weight at wk 10 of 
the study . Inclusion of xylanase increased (P < 0 .047) egg mass at wk 4 
and wk 8 and energy density decreased (P < 0 .036) egg mass at wk 10 
of the study . Xylanase supplementation increased (P < 0 .020) egg shell 
weight at wk 8 of the study . There was no effect of enzyme and energy 
density in yolk weight, albumin weight, Haugh unit, specific gravity, 
and excreta passage time during the study . Energy density and enzyme 
had no effect on bone mineralization and body composition . Weight of 
fat pad was significantly increased as the energy density increased even 
though all treatments were fed the same ME every day . Energy density 
or enzyme did not affect HDEP, and egg quality of the eggs, but energy 
density did change the amount of storage of fat pad .

Key Words: energy density, egg quality, fat pad, layer, xylanase

399P   Amylase improves resistant starch digestibility of corn. 
Vinícius Gonsales Schramm*1, José Otávio Berti Sorbara2, Vitor 
Barbosa2, Lidiane Priscila Domingues1, Andreia Massuquetto1, and 
Ananda Portella Félix1, 1UFPR, Curitiba, Paraná, Brazil, 2DSM 
Nutritional Products, São Paulo, São Paulo, Brazil.

The objective was to investigate the effect of increasing levels of dietary 
amylase on starch digestibility of corn . 315 male chicks Cobb 500 were 
used in a completely randomized design including 5 increasing levels of 
amylase (0, 40, 80, 120, and 160 KNU/kg feed of Ronozyme HiStarch) 
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with 9 replicates of 7 broilers each one . Birds were housed in cages with 
water and feed ad libitum . At 25 d of age, the birds were euthanized 
and the ileal content was collected . The material was frozen in liquid 
nitrogen and stored at freezer −18°C. Subsequently the samples were 
lyophilized . The diets and ileal content samples were analyzed in avail-
able starch (AS), resistant starch (RS), total starch (TS) . To determine 
ileal digestibility, 1% of acid insoluble ash was included as a marker in 
diet . The data were analyzed by ANOVA (P < 0.05). When significant it 
was submitted in linear and quadratic regression (P < 0 .05) . It was also 
compared with contrast, with and without amylase . There were no sig-
nificant enzyme effect in AS and TS digestibility, it is according of Table 
1 . However, it was found linear improvement in RS digestibility with 
increasing levels of amylase (P < 0 .01) . We also found a positive effect 
of enzyme on RS digestibility in contrast with and without amylase (P < 
0 .01) . It was concluded that amylase improves RS digestibility in corn .

Table 1. Available (ASD), resistant (RSD), and total(TSD) starch digestibility 
using increasing levels of amylase (Ronozyme Histarch) in corn

Amylase (KNU/kg feed of Ronozyme 
Histarch) ASD RSD TSD
0 96 .12 78 .01 95 .11
40 95 .42 80 .19 94 .37
80 96 .62 80 .28 95 .71
120 96 .71 85 .94 96 .08
160 95 .06 83 .59 94 .33
P-value    
 Linear 0 .5743 0 .00031 0 .9149
 Quadratic 0 .0816 0 .4765 0 .0965
 Contrast (without and with enzyme) 0 .7428 0 .0040 0 .9872
 CV 1 .34 4 .49 1 .44
1y = 0 .0415x + 78 .178; R2 = 0 .2857 .

400P   Does pelleting Allzyme SSF feed affect broiler growth 
response? R . A . Renema1, D . R . Korver*1, J . Saunders-Blades1, P . 
Klita2, P . Groenewegen3, and A . E . Sefton3, 1University of Alberta, 

Edmonton, AB, Canada, 2Hi-Pro Feeds, Sherwood Pk., AB, Candada, 
3Alltech Inc., Guelph, ON, Canada.

Feed enzymes can be prepared in a way that minimizes loss of func-
tionality during pelleting . Commercially-prepared, pelleted (P) and 
unpelleted (UnP) standard feed (Control) and feed containing Allzyme 
SSF (Enzyme), were tested for enzyme survival and apparent metabo-
lizable energy (AME) in a 2 × 2 factorial broiler growth trial . A total of 
two hundred forty 7-d-old broiler chicks were weighed and randomly 
assigned to 1 of 40 broiler cages (6/cage, 10 cage/tmt) . Feed was 
prepared with or without Allzyme SSF (200 g/tonne) (3 tonnes/diet) . 
Diets were formulated to be isocaloric and isonitrogenous (23 .7% C .P .; 
2,900 kcal/kg) and contained 2% celite for AME determination . 150 
kg of P and UnP versions of each ration were retained for the study . 
Diets were fed for 14 d . Birds were weighed at 21 d of age and breast 
muscle and abdominal fatpad weights recorded . AME was determined 
from feed and fecal samples. Feed conversion efficiency and feed cost/
kg gain were assessed . Pelleted feed resulted in 13% heavier birds that 
had more breast muscle and abdominal fat on an absolute basis (P < 
0 .0001) . However, breast muscle as a % of BW was similar . Dietary 
enzyme had no effect on BW (P = 0 .72), breast muscle (P = 0 .87), 
or fatpad (P = 0 .91) weight at 21 d of age . The lack of interaction of 
enzyme inclusion with feed form indicates that the pelleting process did 
not negatively affect enzyme impact on growth and yield . The AME of 
the UnP diet was 3 .09 Kcal/g compared with 3 .53 Kcal/g for pelleted 
feed (P < 0 .0001), while the AME of enzyme diets were similar (P 
= 0 .29) . Interestingly, Un-P diet with enzyme had higher AME (3 .16 
Kcal/g) than the UnP-Control diet (3 .03 Kcal/g) (P = 0 .036), while 
AME was similar between P-Control and P-Enzyme diets (mean = 
3 .53 kcal/g) . FCR was affected by feed form (P < 0 .0001) but not by 
enzyme treatment (P = 0 .51) . The Enzyme ration ($392 CDN/tonne) 
cost less than the Control ration ($413 CDN/tonne), resulting in the 
cost:gain ratio of the Enzyme ration ($0 .640/kg gain) being lower than 
that of the Control ration ($0 .665/kg gain) (P = 0 .026) . Pelleting of the 
Enzyme diet did not significantly reduce growth or yield traits and has 
the potential to reduce feed cost .

Key Words: enzyme survival, broiler, AME, Allzyme SSF
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401P   Dietary a-lipoic acid supplemented with vitamins C and 
E improves growth performance and meat quality traits of broiler 
chickens under the moderate heat stress. J . Yoo1, B . Koo1, S . Jung1, 
C . W . Lee1, Y . J . Yi2, J . U . Yoon3, H . B . Kang3, D . H . Lee3, and J . M . 
Heo*1, 1Department of Animal Science and Biotechnology, Chungnam 
National University, Daejeon, Republic of Korea, 22Division of Bio-
technology, Chonbuk National University, Iksan, Republic of Korea, 
3Biogenoci Co. Ltd., Seoul, Republic of Korea.

A total of 288 one-day-old male Ross-308 were used in a completely 
randomized design and allotted to one of 6 dietary treatments to give 6 
replicates per treatment (8 birds per cage) . The 6 dietary treatments were 
(1) a corn-soybean meal-based (NC; no antimicrobial compounds added) 
with (2) 8 ppm α-lipoic acid (ALA), (3) 150 ppm vitamin C and 75 ppm 
vitamin E (E-75), (4) E-75 plus ALA (E-75-ALA), (5) 150 ppm vitamin 
C and 50 ppm vitamin E (E-50) plus ALA (E-50-ALA), or (6) 150 ppm 
vitamin C and 25 ppm vitamin E (E-25) plus ALA (E-25-ALA) . Birds 
were housed in a battery cage (n = 36), and were offered dietary treatments 
continuously as a liquid form . The ambient temperature was maintained 
at 32 ± 1°C throughout the study to induce moderate heat stress . Body 
weight and feed intake were measured weekly . One bird per pen (n = 6), 
and one another bird per pen (n = 6) were euthanized to obtain terminal 
ileum to measure villous height and crypt depth at d 21, and to harvest 
breast meat and drumsticks to evaluate meat quality traits at d 35, respec-
tively . Dietary treatment E-75-ALA improved (P < 0 .05) body weight 
and average daily gain compared with birds fed other dietary treatments 
from d 1 to d 35 . Birds fed dietary treatment E-75-ALA and E-50-ALA 
had higher (P < 0 .05) villous height but only birds fed E-75-ALA had 
shorter crypt depth (P < 0 .05) than those fed other dietary treatments at d 
21 . Furthermore, birds fed E-75-ALA had higher (P < 0 .05) DPPH radical 
scavenging activity both in breast meat and drumsticks compared with 
those fed other dietary treatments at d 35 . Dietary treatments E-75-ALA 
and E-50-ALA reduced (P < 0 .05) thiobarbituric acid reactive substance 
(TBARS) in drumsticks compared with other dietary treatments but only 
dietary treatment E-75-ALA decreased (P < 0 .05) TBARS in breast meat 
at d 35 . The results suggest that liquid form of antioxidant E-75-ALA 
can improve growth performance, histology of terminal ileum and meat 
quality traits in broiler chickens under moderate heat stress for 35 d .

Key Words: a-lipoic acid, antioxidant, broiler chicken, growth perfor-
mance, meat quality

402P   Effect of aflatoxin and a commercial anti-mycotoxin addi-
tive on performance, egg quality, and liver integrity of brown 
layers. Carlos A . Mallmann1, Diego Sturza2, Leandro Giacomini2, 
Manuel Contreras3, and Douglas Zaviezo*3, 1Universidade Federal 
de Santa Maria, Laboratorio de Analises Micotoxicologicas LAMIC, 
Santa Maria, RS, Brazil, 2Instituto Samitec, Santa Maria, RS, Brazil, 
3Special Nutrients, Miami, FL.

The deleterious effects of aflatoxin (AFB) have been reported in layers but 
its effect on blood-meat spots and the efficacy of anti-mycotoxin additives 
have not been evaluated thoroughly . A study was conducted to evaluate 
aflatoxin damages and the preventing efficacy of Myco-ad in brown layers. 
One hundred twenty 39-wk-old ISA Brown layers already in production 
were transported to the experimental facilities of Samitec and distributed 
using a completely randomized design into 3 treatments with 4 replicates of 
10 layers each in communitarian cages with slatted floor. After a one-week 
adaptation period, layers were fed the experimental corn-soy diets at a fixed 
intake (120 g/bird), following the genetic guide . All ingredients used were 
tested free of mycotoxins . Treatments were (1) control diet; (2) control + 

3 ppm AFB and (3) control + 3 ppm AFB + 0 .25% Myco-ad (mycotoxin 
binder) . AFB was produced by LAMIC . Liver tissues were evaluated 
histopathologically in the US. Significant (P < 0 .05) deleterious effects of 
AFB on performance were observed only after 21 d of consuming the con-
taminated diet . Results after 41 d of exposure indicated that layers fed AFB 
presented significantly (P < 0 .05) decreased egg production (31%), reduced 
egg mass (32%), poorer feed conversion (44%), increased incidence of 
blood-meat spots (25%), heavier relative liver weight (29%), and greater 
severity of microscopic liver damage (83%) than layers fed the control 
diet. The addition of 0.25% Mycoad significantly (P < 0 .05) improved egg 
production (28%), egg mass (29%) and feed conversion (29%); with a sig-
nificant reduction in the incidence of blood-meat spots (9%), relative liver 
size (11%) and the severity of microscopic liver damage (53%) observed in 
layers fed AFB . These results indicated that 0 .25% Mycoad was effective 
in preventing the toxic effects of AFB in brown layers .

Key Words: Myco-ad, aflatoxin, blood-meat spots, brown layers

403P   Effect of several mycotoxins and two commercial anti-
mycotoxin additives on performance, egg quality and liver integ-
rity of brown layers. Carlos A . Mallmann1, Diego Sturza2, Leandro 
Giacomini2, Manuel Contreras3, and Douglas Zaviezo*3, 1Universi-
dade Federal de Santa Maria, Laboratorio de Analises Micotoxico-
logicas LAMIC, Santa Maria, RS, Brazil, 2Instituto Samitec, Santa 
Maria, RS, Brazil, 3Special Nutrients, Miami, FL.

A study was conducted to evaluate the combined toxic effects of afla-
toxin (AFB) + fumonisin (FUM) + T-2 toxin (T2) and the preventing 
efficacy of Myco-ad+Myco-ad AZ in brown layers. One hundred twenty 
39-wk-old ISA Brown layers already in production were transported to 
the experimental facilities of Samitec and distributed using a completely 
randomized design into 3 treatments with 4 replicates of 10 layers each in 
communitarian cages . After a one-week adaptation period, layers were fed 
the experimental corn-soy diets at a fixed intake (120 g/bird), following the 
genetic guide . All ingredients used were tested free of mycotoxins . Treat-
ments were: (1) control diet; (2) control+3 ppm AFB+10 ppm FUM+1 
ppm T2 and (3) control+3 ppm AFB+10 ppm FUM+1 ppm T-2+0 .25% 
Myco-ad+0 .1% Myco-ad AZ . All mycotoxins were produced by LAMIC . 
Liver tissues were evaluated histopathologically in the US. Significant 
(P < 0 .05) deleterious effects of AFB+FUM+T2 on performance were 
observed only after 21 d of consuming the contaminated diet . Results 
after 41 d of exposure indicated that layers fed AFB+FUM+T-2 presented 
significantly (P < 0 .05) decreased egg production (37%), reduced egg 
mass (38%), poorer feed conversion (48%), increased incidence of blood-
meat spots (32%), heavier relative liver weight (41%), and greater severity 
of microscopic liver damage (78%) than layers fed the control diet . The 
addition of 0.25% Myco-ad+0.1% Myco-ad AZ significantly (P < 0 .05) 
improved egg production (33%), egg mass (32%) and feed conversion 
(22%); with a significant reduction in the incidence of blood-meat spots 
(16%), relative liver weight (15%) and the severity of microscopic liver 
damage (27%) observed in layers fed AFB+FUM+T2 . These results 
indicated that 0 .25% Myco-ad+0 .1% Myco-ad AZ were effective in 
preventing the combined toxic effects of AFB+FUM+T2 in brown layers .

Key Words: Myco-ad, aflatoxin, fumonisin, T-2 toxin, brown layers

404P   Efficacy of a plant alkaloid extract in broilers in a dose-
dependent manner. Anja Pastor*1 and Marta I . Gracia2, 1Phytobiotics 
Futterzusatzstoffe GmbH, Eltville, Germany, 2IMASDE Agroalimen-
taria, Madrid, Spain.
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Plant extracts offer a solution to produce broilers in a natural and cost-
effective way . Quaternary benzophenanthridine and protopine alkaloids 
(QBA+PA) from one selected plant are known for their positive effects in 
broiler production. The objective of the study was to confirm the effects of a 
standardized formulation of QBA+PA (Sangrovit) on growth performance of 
broiler chickens in a dose-dependent way . A total of 1,056 day-old Ross 308 
chicks (as-hatched) were randomly allocated to 4 treatments: T0: Basal diet, 
no additive; T15: T0+15 mg/kg QBA+PA (Sangrovit); T30: T0+30 mg/kg 
QBA+PA; T60: T0+60 mg/kg QBA+PA . Each treatment was replicated 12 
times using 22 birds per replicate. Animals were kept in floor pens, and had 
ad libitum access to water and mash feed based on soybean and corn . No 
antimicrobial growth promoters or coccidiostats were added . Feed intake, 
body weight, daily weight gain (ADG), average daily feed intake (ADFI), 
and feed efficiency (FCR) were evaluated on 0, 21, and 42 d of age. Fur-
thermore, mortality and the European Production Efficiency Factor (EPEF) 
were observed . Inclusion of QBA+PA at a dosage of 30 and 60 mg/kg feed 
(T30+T60) tended to increase body weight at d 42 compared with the control 
(P > 0.05). FCR in the finisher period (d 22–42) was improved (P = 0 .05) 
by supplementation of the diets with QBA+PA, while no significant effects 
on ADG, ADFI and FCR were seen for the whole production period (P > 
0 .05) . Supplementation of broiler diets with QBA+PA decreased mortality 
by 50% (P = 0 .05) . It is noteworthy that the high mortality (d 0–42: 18 .2; 
9 .1; 8 .2; and 8 .3% for T0; T15; T30, and T60, respectively) was attributed 
to losses in the first week of life, due to factors related to hatching or trans-
portation. Improved body weight, in combination with a significant effect 
on mortality led to a significantly improved EPEF (d 0–42: 265; 291; 298; 
297 for T0; T15; T30; T45, respectively) . The inclusion of a standardized 
formulation of QBA+PA (Sangrovit) at 30 or 60 mg/kg broiler feed leads 
to an improved economical outcome, especially during the finisher period.

Key Words: broiler, phytogenic, feed additive, alkaloid, performance

405P   Withdrawn. 

406P   Withdrawn. 

407P   Withdrawn. 

408P   Effect of dietary threonine and a phytogenic additive on 
the performance of chickens challenged with coccidial vaccine. 
Jaqueline M . Rafael*1,2, José F . M . Menten1, Naiara S . Fagundes1, 
Rafaela Pereira1, Cristiano Bortoluzzi1, Glaucia S . Napty1, José G . 
M . Barbosa1, and Maria C . M . Sciencia1, 1University of São Paulo, 
Piracicaba, SP, Brazil, 2Fundação de Amparo a Pesquisa do Estado 
de São Paulo FAPESP, São Paulo, Brazil.

The study of the relationship between the additives and nutrients is essen-
tial for improving the use of these substances and maximizing animal 
performance . The present study was carried out to examine the effect 
of supplemental dietary threonine (THR) and the inclusion of a blend of 
essential oils (EO) on the performance in broilers challenged with Eimeria 
spp . A total of 1,620 AP 95 day-old chicks were randomly assigned to 6 
treatments and 6 replicates, in a 3 × 2 factorial arrangement with 3 levels 
of digestible THR (100, 110, 120% of the Brazilian Tables recommenda-
tions), and 0 or 100 mg/kg of a blend of essential oils (4% curcuma and 
4% capsicum oleoresin) in the feed . The diets were based on corn and 
soybean meal to meet the nutritional requirements and were fed ad libitum 
for the experimental period of 40 d . On d 14, all birds were orally gavaged 
with 10 times the recommended dose of a commercial coccidial vaccine 
with sporulated live oocysts of Eimeria spp . The variables studied were 
body weight gain, feed intake and feed conversion ratio. No significant 
interaction (P > 0 .05) was found between the factors THR and EO for any 

variable . At 40 d of age, body weight gain was not affected by THR or EO 
(P > 0 .05), but birds fed 120% THR had increased feed intake compared 
with 100% THR (4 .827 vs . 4 .724 kg, P < 0 .05) and worse feed conver-
sion than those on 110% THR (1 .624 vs . 1 .604, P < 0 .05) . EO caused a 
reduction in feed intake (4 .722 vs . 4 .800 kg, P < 0 .05) . The results of this 
study indicate that despite the reduction in feed intake when EO is fed to 
broilers, there was no response in performance to increased levels of THR .

Key Words: broiler, Eimeria spp ., essentials oil, threonine

409P   Effect of a specific blend of essential oils and oleoresins 
of spices on the performance of broilers subject to usual and low 
specification diets between 0 to 36 days. Bertrand Medina*1, Ivan 
Girard2, and Ghislaine Roch3, 1Laboratoires Phodé, Terssac, France, 
2Ferme Des Trois Chênes, St-Paul d’Abbotsford, QC, Canada, 3Pro-
biotech International Inc., Saint-Hyacinthe, QC, Canada.

This study was designed to evaluate the efficiency of a phytogenic feed 
additive (PFA) on performance of broiler subject to usual and low diet 
specifications. In total, 432 chicken (Ross-308, average initial LW of 
41 .2 g) were randomly distributed into 3 groups with 6 replicates (6 × 
24 birds) . All groups were given ad libitum access to commercial feeds 
supplemented with Coyden (0–21 d), Salinomycin (22–36 d), 55 ppm of 
BMD (0 - 36 d) . Considering the nutrient requirements, the Usual Practice 
(UP) group matches ME: 3003 kcal/kg, CP: 21 .50%, ME: 3150 kcal/
kg, CP 19 .40%, ME: 3224 kcal/kg, CP: 18 .65% for starter, grower and 
finisher feed respectively. The low diet specification (LS) was completed 
by decreasing all nutrients values by 2 .5% . In the (LS+Oleo) group, a 
phytogenic feed additive (Oleobiotec Poultry, 100 g/T) was incorporated 
in to all feeds . This PFA is made of a blend of essential oil with standard-
ized level secondary metabolites and with a specific blend of oleoresins of 
spices . At the age of 7, 21, 28 and 36 d, feed intake (n = 18), Live-weight 
(LW) (n = 18), feed efficiency (n = 18), mortality rate (n = 432) were 
completed . Statistical analysis was carried out using the Mixed procedure 
of SAS . Decreasing the dietary nutrient level by 2 .3% induced a loss of 
final LW (P < 0 .05) that can be compensated by our PFA (Table 1) .

Table 1. Effects of diet specification (UP vs . LS) and phytogenic additive of 
broilers performance

Period, d  Group LW, g ADG, g/d

Feed 
intake, kg/

pen
Feed 

efficiency
Mortality 
rate, %

1-7 UP 165 .1 17 .7 5 .48 1 .85 2 .08
 LS 164 .0 17 .5 5 .49 1 .87 0 .69
 LS+Oleo 168 .0 18 .1 5 .08 1 .67 1 .39
8-21 UP 952 .0ab 56 .2 24 .96 1 .32 1 .42
 LS 904 .0b 52 .9 24 .76 1 .40 1 .40
 LS+Oleo 968 .29a 57 .2 23 .40 1 .23 1 .41
22-28 UP 1612 .7a 93 .3ab 28 .92 1 .87 0 .00
 LS 1553 .2b 91 .5b 28 .67 1 .89 1 .42
 LS+Oleo 1657 .0ac 97 .7a 28 .48 1 .86 1 .43
29-36 UP 2568 .3bc 118 .6ab 42 .51 1 .94 0 .72
 LS 2483 .7c 115 .7b 42 .84 1 .98 0 .00
 LS+Oleo 2621 .8a 120 .6a 43 .47 1 .91 0 .72
1-36 UP  70 .2ab 101 .88 1 .74 4 .17
 LS  67 .8b 101 .75 1 .77 3 .47
 LS+Oleo  71 .7a 102 .10 1 .67 4 .86
a–cMeans in the same column without a common superscript differs (P < 0 .05) .

Key Words: botanical additive, AGP, diet specification, additive com-
bination, broiler performance
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410P   Effects of a specific phytogenic feed additive on perfor-
mance variables of growing quails. Monika Korzekwa*1, Bernhard 
Eckel1, and Karl-Heinz Südekum2, 1Dr. Eckel GmbH, Niederzissen, 
Germany, 2Institute of Animal Science, University of Bonn, Bonn, 
Germany.

The maintenance of a healthy digestive system is a key factor for a high 
growth performance and feed efficiency in poultry production. Modified 
consumer awareness and the demand for natural and sustainable solu-
tions to the challenges arising from intensive animal production systems 
have induced a widespread search for effective alternative feed additives . 
Diverse plant extracts, herbs and spices have been used in traditional 
human medicine and are well known for their pharmacological action . 
Selected phytogenic feed additives may considerably improve poultry 
health and growth and can include active ingredients such as plant 
extracts, essential oils, herbs, and spices . The present trial investigated 
the effects of a supplementation of a phytogenic additive at different 
dosages on quail production . A total of 176 14-d old quail chicks (Cotur-
nix coturnix) of both sexes were randomly allocated to 4 groups of 44 
animals each . Throughout the trial, the animals were kept in cages and 
all birds were fed a basal diet (T0; negative control), or the basal diet 
supplemented with 200 mg/kg (T1), 400 mg/kg (T2) of a commercial 
phytogenic additive (Anta Phyt, Dr . Eckel GmbH, Niederzissen, Ger-
many), or 120 mg/kg of another phytogenic additive defined as positive 
control (T3), respectively . Animals were weighed and excreta samples 
collected once a week . Dry matter content of excreta was measured 
via freeze-drying . Data were subjected to ANOVA procedure of IBM 
SPSS Statistics 21 . In contrast to the negative control, the addition of 
T1 and T2 lead to an increase (P < 0 .05) in daily body weight gain of 
more than 10% in wk 1 and 2 . During the trial period, treatments were 
related to a decrease in excreta moisture content indicating an improved 
animal health status . In conclusion, this investigation demonstrated the 
potential of the tested phytogenic additive in improving quail production .

Key Words: phytogenic, quail, excreta moisture

411P   Positive effect of a mycotoxin binder on nutrient digest-
ibility and broiler performance. Monika Korzekwa*, Maryna Kyry-
chenko, and Bernhard Eckel, Dr . Eckel GmbH, Niederzissen, Germany.

Mycotoxins have been strongly implicated as agents that cause acute 
and chronic diseases in humans and animals . Moreover, mycotoxins in 
feed account for huge economic losses by negatively affecting animal 
health and thus decreasing animal performance . Mineral clays, yeast 
extracts and others are able to bind a specific range of mycotoxins. To 
evaluate the effect of different mycotoxin binders on several parameters, 
140 day-old broiler chicks (Cobb 500) were allocated into 4 groups, 
receiving 4 different diets over a period of 36 d . In addition to a control 
group (without mycotoxin binder), 3 different mycotoxin binders with 
a dosage of 1 .2 kg per mt feed were tested (product 1: Anta Ferm MT 
80, product 2: commercial mycotoxin binder based on yeast cell walls, 
product 3: commercial mycotoxin binder based on mineral clay) . Feed 
was naturally contaminated with various mycotoxins . Contamination 
with aflatoxin B1, deoxynivalenol, zearalenon, fumonisin was below 
and contamination with T-2 and Ochratoxin A was above the permitted 
level . Performance parameters and nutrient digestibility were measured . 
All tested products had a positive effect on zootechnical performance . 
Broilers fed Anta Ferm MT 80 (product 1) showed the highest final live 
weight (1858 .6 g ± 20 .1) compared with control (1776 .7 g ± 19 .2), prod-
uct 2 (1803 .2 g ± 20 .4) and product 3 (1828 .4 g ± 25 .8) . Feed conversion 
ratio was improved compared with other treatment groups and control 
group . Furthermore, digestibility of protein and fat as well as nitrogen, 
phosphorous and calcium utilization was highest in Anta Ferm MT 80 

treated broiler. In conclusion, the specific composition of Anta Ferm 
MT 80 showed to be most effective in improving animal performance 
and nutrient digestibility when feed is contaminated with mycotoxins .

Key Words: mycotoxin binder, nutrient digestibility, performance

412P   Assessment of purified and semi-purified yeast cell wall 
products on starter broiler performance in birds subjected to 
infectious bursal disease vaccine and Clostridium perfringens chal-
lenge. M . Hashim*1, R . J . Arsenault2, J . Fowler1, D . C . Brown3, A . 
Garcia Estefan3, and C . A . Bailey1, 1Texas A&M University System, 
College Station, TX, 2USDA-ARS, College Station, TX, 3Phileo-Lesaf-
fre Animal Care, Milwaukee, WI.

A study was conducted to evaluate purified and semi-purified yeast cell 
wall products on starter broiler performance . A total of 240 Ross 308 
(1-d) chicks were distributed among 2 battery brooder units (48 pens; 
5 birds/pen) . Six treatments were randomly assigned to pens and each 
treatment had 8 replicates . A basal broiler starter diet was prepared and 
divided into 5 batches that include non-challenge (T1) and challenge 
(T2) control, semi-purified yeast cell wall (250 ppm; T3), purified yeast 
cell wall (250 ppm; T4), 50% purified β-glucan yeast cell wall (130 
ppm; T5), and 99.9% purified mannanoligosaccharide (53 ppm; T6). All 
birds were vaccinated with infectious bursal disease vaccine on d 10 and 
then all treatments except non-challenged birds were challenged with 
Clostridium perfringens (107 cfu/mL) through oral gavage on d 16 and 
17 . Feed and BW were recorded on d 1, 10, 16 and 21 . Differences in 
treatment means were deemed significant at P ≤ 0.05. On d 10, before 
vaccination, there was no difference between treatments except T6 had 
significantly higher body weight and weight gain (P = 0 .02 both) . On 
d 16, before C. perfringens challenge, T3 had significantly lower (P = 
0 .002, 0 .000) BW (490g) and weight gain (WG) (246g) than all treat-
ments except T5 (513, 263g) and T5 was lower than T1 (561, 301g) 
and T6 (559, 274g).The feed:gain was significantly lower (P = 0 .001) 
in T1(1 .38), T2 (1 .40), and T4 (1 .41) than other treatments . Productiv-
ity index (PI) was higher (P = 0 .001) in T1, T2, and T4 than T3 and 
T5 . The PI for T6 was lower than T1 but similar to T2, T3, T4 and T5 . 
On d 21, T1 was significantly higher than T2, T3 and T5 in BW (851, 
755, 712, 742g, P = 0 .003), WG (289, 207, 222, 232g, P = 0 .02), and 
PI (275, 199, 203, 203, P = 0 .02) . Furthermore, T4 and T6 had similar 
BW (797, 805g) and WG (248, 247g) as T1, but PI was only similar 
between T1 and T4 (238). These results suggested that purification of 
YCW and specific fractions of the YCW can influence broiler perfor-
mance differently during pathogenic challenge .

Key Words: yeast cell wall, mannanoligosaccharides, glucan, Clos-
tridium perfringens

413P   Improvements in poultry feed stability when supplement-
ing thymol. Agustin Luna1,2, Rosa C . Lema Alba2, M . Carla Labaque1,2, 
Julio A . Zygadlo2,3, and Raul H . Marin*1,2, 1Instituto de Investigacio-
nes Biológicas y Tecnológicas (CONICET-UNC), Córdoba, Argentina, 
2Instituto de Ciencia y Tecnología de los Alimentos, Facultad de Cien-
cias Exactas, Físicas y Naturales, Universidad Nacional de Córdoba, 
Córdoba, Argentina, 3Instituto Multidisciplinario de Biología Vegetal 
(CONICET-UNC), Córdoba, Argentina.

Additives are regularly supplemented in poultry feed to protect it from 
lipid deterioration during storage . Recently the interest for the use of 
natural phytochemicals in the diets of farmed animals has been increased . 
Thymol (THY) has been proved as an effective antioxidant compound 
improving broiler meat quality during storage with similar action to 
buthylhidroxytoluene (BHT), a synthetic antioxidant widely used in the 
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industry . However, no studies have been performed to assess whether 
this compound can also protect poultry feed from lipid deterioration . 
Herein, we evaluated the usefulness of THY as a feed antioxidant and 
potential related consequences on fatty acid (FA) balance . Feed mash 
was assigned to 1 of 4 treatments, control (no additive), vehicle (ethanol 
96%), 400 mg BHT /kg feed and 400 mg THY /kg feed . BHT was used 
as a positive control . Three replicates of each treatment were taken after 
0, 30 and 60 d of storage at room temperature (23 ± 2°C) and relative 
humidity (40 ± 5%) . After each period, feed samples were obtained 
and maintained at −20°C until peroxide value (PV), titratable acidity 
(TA) and FA assessments (Methyl esters/GC-MS) . Repeated measures 
ANOVAs and Fisher tests were used to detect differences at P < 0 .05 . 
As expected, there were no differences between treatments on PV, TA, 
or FA at 0 d of storage . However, after 30 and 60 d of storage, increas-
ingly higher PV were detected in the CON and VEH treated samples 
in comparison with feeds containing THY and BHT (CON = VEH > 
THY = BHT) . Interestingly, THY and BHT samples stored during 60 
d showed similar values to samples stored 0 d . Reductions on polyun-
saturated FA were also observed through storage time with THY and 
BHT minimizing that effect . Results are consistent with similar THY 
and BHT protective effects on feedstuff lipid oxidation . While a slight 
increase was also observed in TA through storage time, no particular 
treatment effects were detected probably due to a low hydrolytic rancid-
ity during storage . Findings suggest that THY could be a useful natural 
alternative to help sustain quality of poultry feed .

Key Words: poultry feed, antioxidant supplement, natural phenols

414P   Effects of dietary supplementation with thymol on the 
lipid composition during embryonic development in quail (Cotur-
nix japonica) eggs. Maria E . Fernandez1,2, Raul H . Marin*1,2, Maria 
P . Zunino2,3, and M . Carla Labaque1,2, 1Instituto de Investigaciones 
Biológicas y Tecnológicas (CONICET-UNC), Córdoba, Argentina, 
2Instituto de Ciencia y Tecnología de los Alimentos, Facultad de Cien-
cias Exactas, Físicas y Naturales, Universidad Nacional de Córdoba, 
Córdoba, Argentina, 3Instituto Multidisciplinario de Biología Vegetal 
(CONICET-UNC), Córdoba, Argentina.

Diet composition affects the quality and quantity of nutrients, particu-
larly fatty acids (FA) and antioxidants that females allocate for egg 
formation. Polyunsaturated FA (PUFA), some of which are deficient in 
diets of captive animals, are crucial components of yolk and particu-
larly prone to oxidative damage, that generates the loss of nutrients for 
embryonic development and influences the quality of eggs for human 
consumption through the formation of reactive species . Thymol (THY) 
is a natural antioxidant that could help maintain the degree of unsatura-
tion of yolk FA . The present study evaluated the effect of THY feed 
supplementation on the FA profile (total FA (T), and FA of phospholipid 
(PL) and triglyceride (TG) fractions) in quail egg yolk during embry-
onic development . Adult female quail (n = 24) were randomized to 1 
of 2 treatments: control or 6 .25g of THY per kg of supplemented feed . 
Eggs were collected daily and incubated to obtain samples at 3 stages 
of embryonic development: 0, 4 and 16 d of incubation (no develop-
ment, early- and final- development, respectively). Methyl esters of T, 
PL and TG of the yolk were analyzed by GC-MS . ANOVAs and Fisher 
tests were used to detect differences at P < 0 .05 . At 0 d of incubation, 
eggs from THY showed higher relative percentages of linolenic in T 
and TG, docosahexaenoic in T, and arachidonic in TG fractions, and 
lower saturated FA/PUFA and stearic/oleic ratios in T and TG fractions 
compared with their controls . At later developmental stages, no differ-
ences were found on FA profiles. The initial FA changes induced by THY 
supplementation are consistent with an improved nutritional quality of 
newly laid eggs that because of the lack of treatment differences during 

development, the embryo would be capitalizing . On the other hand, from 
a human consumption perspective, if the observed THY effects on FA of 
newly laid eggs generalize to laying hen strains, the use of THY would 
be advisable for the production of healthier eggs .

Key Words: thymol supplementation, lipids, maternal diet, quail

415P   Stabilizing egg shells of laying hens by prebiotic acidifi-
ers. Edi Vianello, Monika Korzekwa*, Susanne Kirwan, and Bernhard 
Eckel, Dr . Eckel GmbH, Niederzissen, Germany.

Egg shell stability is very important for an economic layer production 
under challenging market conditions . The current trend to increase the 
laying period is a challenge for egg shell stability, as with advanced age 
egg weights increase without a proportional increase in shell weight, 
making the resulting eggs more fragile . The present study investigated 
the effect of a specific acidifier blend to improve egg shell stability. The 
blend is formulated to produce butyrate in situ in the hindgut, therefore 
counteracting the villi erosion and malabsorption of minerals that typi-
cally worsens with advanced age of the layer herd . 36,000 layer hens 
were split into a control group and a test group being fed with a pre-
biotic acidifier blend (PreAcid, Dr. Eckel GmbH, Niederzissen). From 
100 hens, eggs were chosen as a representative sample . This sample 
did include cracked and already broken eggs, which would not usually 
be collected for processing . The collected eggs were then tested for 
egg shell stability, conformity and percentage of cracked and broken 
eggs. The prebiotic acidifier had a pronounced effect of shell strength 
thickness in mm (+9 .5%) . The number of cracked eggs in the prebiotic 
acidifier group was reduced by 3% resulting in a total of 1% cracked or 
broken eggs . Additionally a 4% increase in laying performance could 
be observed in the test group . In summary, the addition of the prebiotic 
acidifier had a pronounced effect on the quality and stability of the egg 
shells in layers, while at the same time proving overall flock perfor-
mance. Therefore, this concept presents a scientifically and economically 
interesting option for egg production .

Key Words: egg shell, layer, prebiotic, acidifier

416P   Evaluation of prebiotic yeast cell walls from two different 
yeast strains on starter broiler performance in birds subjected to 
bursa vaccine and Clostridium perfringens challenge. R . A . Abdal-
jaleel*1, M . Hashim1, D . C . Brown2, J . R . Corley2, and C . A . Baily1, 
1Texas A&M University System, College Station, TX, 2Phileo-Lesaffre 
Animal Care, Milwaukee, WI.

The aim of this study was to evaluate the effect of 2 Yeast Cell Wall 
(YCW) types isolated from different strains of Saccharomyces cerevi-
siae with combination of the 2 on the performance of starter broilers 
subjected to an infectious bursal disease (IBD) vaccine and Clostridium 
perfringens challenge . A total of two hundred forty 1-d-old broiler 
chicks were distributed in 2 Petersime battery brooders (48 pens: 5 
bird per pen) . Six treatments were assigned to pens for a 21 d trial . A 
basal industry-type broiler starter diet was prepared (3050 kcal AME/
kg; 22% protein) and divided into 6 equally sized portions that include 
non-challenge and challenge control, YCW A, YCW B, 50% A: 50% 
B, and 25% A: 75% B . Birds were vaccinated with a commercial IBD 
vaccine via eye drop at 10 d of age followed by Clostridium perfringens 
challenge (3 mL oral gavage; 107cfu/mL) on d 16 and 17 of the study . 
Data were analyzed as a one-way ANOVA, and significant means were 
separated using Duncan’s Multiple Range Test (P ≤ 0.05). Results 
indicated that on d 10 of the experiment before, IBD vaccination, there 
were no significant differences between any of the dietary treatments. 
However, at the end of the study after vaccination with (IBD) and Clos-
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tridium perfringens challenge birds feed YCW A showed significantly 
better performance as measured by productivity index and mortality 
than birds in the challenge control treatment . Results suggested YCW 
isolated from different strains of yeast can vary with respect to their 
pre-biotic potential for broiler chicks .

Key Words: prebiotic, broiler, performance, vaccine, challenge

417P   Effect of liquid glycerol esters of butyric acid administra-
tion to broiler breeders on egg quality and bacterial contamination 
of chicks. Juan C . Abad1, Francisco J . García-Peña2, José M . Ros3, 
Manuel Pizarro4, and Pedro Medel*5, 1Cobb Española, S.A., Madrid, 
Spain, 2Laboratorio Central Veterinaria Algete, MAGRAMA, Madrid, 
Spain, 3Perstorp Feed & Food, Waspik, the Netherlands, 4F. Veteri-
naria, UCM, Madrid, Spain, 5Imasde Agroalimentaria, S.L., Madrid, 
Spain.

An experiment was conducted to evaluate the effect of liquid glycerol 
esters of butyric acid (ProPhorce SR710; BM) administration to broiler 
breeders on the hatching eggs quality, E. coli penetration and bacterial 
colonization of chicks by E. coli and Enterococcus spp . There were 2 
treatments applied during 30 d, each consisting in 3,344 breeders Cobb 
500 of 54 wks: control group (C) and BM group (BM administered by 
drinking water at 1‰) . At the end of the experiment, 50 eggs per treat-
ment were taken at random and egg cuticle quality by cuticle blue® 
staining, and shell quality by specific gravity (ESG),were analyzed by 
χ2 analysis, meanwhile the number and size of pores were analyzed by 
one way ANOVA . Afterward, 20 1-d old chicks/treatment at take-off 
of hatchers and 24h after hatch, were killed by cervical dislocation 
and the effect on egg yolk reabsorption, and bacterial contamination 
of proventriculus, egg yolk, lungs and bone marrow were analyzed by 
one-way ANOVA, followed by Tukey’s post-hoc analysis . Differences 
were considered significant at P < 0 .05 . Dietary treatment did not affect 
ESG (P = 0 .13) or cuticle quality (P = 0 .435) . Eggs from BM group had 
lower pore concentration (78 .9 vs 103 .5 pores/cm2) than C . Also, the 
diameter of the pores was smaller in the BM group, with less big (10 .7 
vs 63 .6 pores/cm2) and more small pores (68 .2 vs 39 .9 pores/cm2) than 
C eggs . The average weight of hatching chicks from BM hens was lower 
than in the C group (46 .03 vs 47 .05 g for BM and C respectively, P = 
0 .06), but dietary treatment did not affect the egg yolk residue either 
at hatching or 24h later . Finally, BM treatment did not affect E. coli 
and Enterococcus spp . colonization of proventriculus, yolk and bone 
marrow, but BM chickens showed less E. coli contamination in the 
lungs (37 .51 vs . 19 .47 ufc/swab, P = 0 .026) . It is concluded that BM 
administration lessen the number and size of pores in the eggs, and E. 
coli contamination of lungs in chickens .

Key Words: glycerol esters of butyric acid, egg quality, broiler breeder

418P   Strategies of rice bran storage and the effects on broiler 
performance and carcass yield. Valdir Silveira de Avila*1, Edenilse 
Gopinger2, Aiane Aparecida da Silva Catalan2, Everton Luis Krabbe1, 
Diego Surek1, and Letícia dos Santos Lopes1, 1Embrapa Swine and 
Poultry, Concórdia, SC, Brazil, 2Federal University of Pelotas, Pelo-
tas, RS, Brazil.

Stabilization strategies of rice bran provides a reduction in enzymatic 
activity, mainly lipases, peroxidases and lipoxygenases thus maintaining 
nutritional quality for poultry . The objective was to evaluate the inclusion 
of 6 .5% of rice bran with natural stabilization (1000 ppm tocopherols, 
250 ppm citric acid and 1000 ppm Neem), synthetic stabilization (100 
ppm TBHQ, 250 ppm of citric acid 5,000 ppm of formaldehyde) and 
thermal stabilization with dry heat (1000W microwave for 4 min inter-

mittent to an average temperature of 85°C) and heat steam (conditioning 
at 90°C for 10 s and pelleted at matrix 4 .75 mm) individual reviews 
and in combination resulting in the following treatments: T1 = Control 
(FAI), T2 = FAI + natural stabilization, T3 = FAI + synthetic stabiliza-
tion, T4 = FAI + stabilized with dry heat; T5 = FAI + stabilized with 
dry heat + natural; T6 = FAI + stabilized with dry heat + synthetic; T7 
= FAI + stabilized with moist heat; T8 = FAI + stabilized with steam 
heat + natural; T9 = FAI + stabilized with steam heat + synthetic, were 
added for rancidity or oxidation prevention, during 90-d storage period . 
Average bird weight, average daily gain, feed intake, and feed conver-
sion from 1 to 28 d old were evaluated . At the end of the experiment, 
2 birds per cage were slaughtered to determine cut yields (breast, leg 
and liver) and meat characteristics of 12 h post-mortem drip loss, pH 
and color . There was no difference in growth performance between 
treatments . There was no difference between treatments for breast yield 
and liver . However the stabilized rice bran with steam heat + synthetic 
stabilizers showed higher yield of legs, differing from the control meal 
(without stabilization), and stabilized with dry heat + natural and sta-
bilized bran with wet heat . Unlike expected, rice bran stored for 90 d 
without adoption of antioxidant additives and / or heat treatment did 
not affect the evaluated parameters, as well as the different forms of 
stabilization of rice bran did not affect nutritional quality, performance 
and the characteristics of broiler meat .

Key Words: nutrition, alternative feedstuff, poultry, feed efficiency

419P   Microalgae supplementation in broiler diets enriches doc-
osahexaenoic acid content of meat and improves bone strength. 
Tuoying Ao*, Lizza M . Macalintal, Marquisha A . Paul, Anthony J . 
Pescatore, Austin A . Cantor, Phyllis Glenney, Mike J . Ford, and Karl 
A . Dawson, Alltech-University of Kentucky Nutrition Research Alli-
ance, Lexington, KY.

All-G-Rich is a microalgae meal (Schizochytrium limacinum CCAP 
4087/2; Alltech, Inc .) that contains 16% docosahexaenoic acid (DHA) . 
A trial was conducted to evaluate the effects of dietary supplementation 
of All-G-Rich on broiler growth performance, bone strength, and fatty 
acid (FA) content of chicken meat . Ten replicate pens of 23 chicks each 
were randomly assigned to 5 dietary treatments . Treatment 1 consisted 
of feeding a corn-soybean meal basal diet with no supplementation of 
All-G-Rich, while chicks in Treatments 2, 3 and 4 received the basal 
diet supplemented with 0 .5, 1 and 2% All-G-Rich, respectively, for 42 
d . Chicks in Treatment 5 were fed the basal diet without microalgae 
supplementation from d 1 to d 30 and the basal diet supplemented with 
0 .5% All-G-Rich from d31 to 42 . Bone breaking strength was assayed 
at d 19 . The FA concentration of breast and thigh meat, with and without 
skin was analyzed at 42 d of age . Dietary supplementation of All-G-
Rich did not affect the growth performance . The DHA concentration 
of breast meat was increased (P < 0 .01) by all levels of All-G-Rich 
supplementation . In addition, the breast meat DHA concentration was 
higher (P < 0 .01) for Treatment 2, in which the supplement of 0 .5% 
All-G-Rich was used for the entire 42-d period, compared with that for 
Treatment 5, in which the supplement of 0 .5% All-G-Rich was used 
only during d 31 to 42 . Similar results were observed for thigh meat . 
Compared with Treatment 1 (basal diet), the EPA and total n-3 fatty 
acid concentrations in breast and thigh meat were increased (P < 0 .01) 
by Treatments 2, 3 and 4 but not by Treatment 5 . Humerus breaking 
strength of chicks fed diets with 1 or 2% All-G-Rich was higher (P < 
0 .05) than that of chicks fed other treatment diets . These results indicate 
that dietary supplementation of All-G-Rich can enrich DHA content of 
chicken meat and improve humerus breaking strength of broiler chicks .

Key Words: microalgae, DHA, meat, bone strength, broiler chick
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420P   Evaluation of antimicrobial efficacy of two free silver 
carbene complexes against Clostridium perfringens and lactobacil-
lus acidophilus in an in vitro study. A . M . Alsadwi*1, J . A . Byrd2, 
D . Cadwell2, P . N . Shah3, C . L . Cannon3, and C . A . Bailey1, 1Poultry 
Science Department, Texas A&M University System, College Station, 
TX, 2U.S.D.A.Southern Plains Agricultural Research Center, College 
Station, TX, 3Department of Microbial Pathogenesis and Immunology, 
Texas A&M Health Science Center, College Station, TX.

Silver ions are known to possess antimicrobial properties and have been 
used as an antibacterial agent since before the discovery of penicillin . 
Silver carbene complexes (SCCs), a group of novel silver-based com-
pounds capable of gradually releasing silver ions, have shown significant 
antimicrobial activity against a wide range of bacterial pathogens . In 
this study, we have investigated the efficacy of 2 separate SCCs with 
different carrier molecules (SCC1 with a methylated caffeine backbone 
and SCC22 with a dichloroimidazolium backbone) against Clostridium 
perfringens (CP type A) and Lactobacillus acidophilus (LAB ATCC 
53544) under anaerobic conditions . Broth macro- and micro-dilution 
methods were used to determine the minimum inhibitory concentra-
tions (MICs) of each compound against the 2 bacterial strains . In 
case of broth macro-dilution method, LAB was subjected to SCC1 
and SCC22 concentrations ranging from 0 to 15 µg/mL and bacterial 
burden was determined at 0, 8, and 24 h; whereas, CP was exposed to 
SCC concentrations ranging from 0 – 8 µg/mL and bacterial burden was 
evaluated at 24 h . For the broth micro-dilution method, the bacteria were 
exposed to low (0–8 µg/mL) and high (0–10 mg/mL) concentrations 
of the 2 SCCs to determine MICs . Even though SCC1 and SCC22 did 
not exhibit MICs using either method at the lower concentration range, 
our data shows a significant reduction of bacterial growth (P < 0 .05) for 
both bacteria at all concentrations as confirmed by the measurement of 
bacterial growth using optical density (OD625) . Furthermore, using the 
broth micro-dilution method, the MICs for both SCC1 and SCC22 were 
evaluated at 1 mg/mL for both bacteria . These data suggest that SCCs 
may represent a novel class of broad-spectrum antimicrobial agents, 
which may be used to reduce the burden of pathogenic bacteria in the 
gastrointestinal tract of poultry .

Key Words: silver carbene complexes, antimicrobial, MIC, LAB, C. 
perfringens

421P   Evaluation of a protected fatty acid blend on fertility and 
hatchability in broiler breeder parent stock and progeny perfor-
mance. H . G . Walters*1, B . Schultz1, B . Brown2, J . Spencer2, N . Aug-
spurger2, and J . T . Lee1, 1Poultry Science Department, Texas A&M 
AgriLife Research, College Station, TX, 2JBS United Inc., Sheridan, 
IN.

The objective of the current study was to evaluate the efficacy of a 
protected fatty acid blend (PFA; JBS United, Inc ., Sheridan, IN) high 
in docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) on 
fertility in broiler breeder parent stock and on progeny performance . 
A total of 336 Hubbard (Hubbard M99 breeder males × Hubbard 
H1 females) broiler breeders were assigned to 2 dietary treatments 
consisting of 6 replicates per treatment . Each replicate consisted of 
28 birds with 26 hens and 2 males per pen for a mating ratio of 8 
percent . Treatments consisted of a control (C) diet and a treatment 
(TRT) diet with the inclusion of PFA at an inclusion rate of 454 g/ton . 
Diets were corn-soybean meal based and were formulated to meet the 
requirements of the commercial operation the birds were transferred 
from . Broiler breeders were fed dietary treatments from 50 weeks of 
age (WOA) to 67 WOA . Performance parameters evaluated include 
broiler breeder fertility and growth performance of progeny . At hatch 

(6 total hatches) chicks were placed in floor pens for a 10 d growth 
performance trial to evaluate d 10 body weight, weight gain, livability, 
and feed conversion ratio (FCR) to determine if PFA had any influence 
on progeny performance . All data were analyzed via a randomized 
complete block design with hatch being included in the model as a 
block. Statistical significance was determined at P ≤ 0.05. Inclusion 
of the PFA increased fertility by 7% as compared with the control 
(75 .0 vs 70 .1; P = 0 .098) when encompassing all 6 hatches . Progeny 
from broiler breeders fed the PFA experienced a reduction in mortality 
corrected feed conversion ratio (FCR) (1 .23 vs 1 .26; P = 0 .007) when 
compared with the control . In conclusion, the supplementation of a 
PFA increased observed fertility and reduced FCR in the progeny of 
broiler breeders fed this PFA .

Key Words: broiler breeder, protected fatty acid blend, performance, 
fertility

422P   Withdrawn. 

423P   Organic acids blends on the broiler performance and 
necrotic enteritis control. Letícia Soares1, Nilva Kazue Sakomura*1, 
Flavio Alves Longo2, Ana Lígia Sanches Miñarro2, Larissa Vargas1, 
and Letícia Graziele Pacheco1, 1Faculdade de Ciências Agrárias e Vet-
erinárias, UNESP, Jaboticabal, São Paulo, Brazil, 2Btech Tecnologias 
Agropecuárias e Comércio Ltda., Valinhos, São Paulo, Brazil.

Necrotic enteritis is a common infectious disease in broiler production 
caused by Clostridium perfringens, a gram-positive anaerobic bacteria 
found worldwide which causes high economic losses every year due to 
intestinal lesions, decreased water and feed intake and growth depres-
sion . This study aimed to evaluate the effects of organic acids blends 
Premium Lac AP (lactic, acetic, and butyric acids) and Premium Lac 
BP (lactic, acetic, butyric acid and tributyrin) in comparison to antibi-
otic (enramycin) on broiler performance and necrotic enteritis control . 
Were used 1,360 male Cobb 500 broilers, distributed into 5 treatments 
and 8 replicates in a completely randomized design, totaling 40 pens 
with 34 birds each . The treatments were: Unchallenged, diet with no 
additives inclusion and no sanitary challenge; Challenged, diet with no 
additives inclusion but with sanitary challenge; Positive Control, diet 
with antibiotic (enramycin 10 ppm) and sanitary challenge; Challenged 
+ Premium Lac AP; Challenged + Premium Lac BP . The diets were 
formulated to meet all the requirements of the birds . Body weight, body 
weight gain, feed intake, and feed conversion ratio, as well as intestinal 
lesion score caused by necrotic enteritis were evaluated . There was 
statistic difference (P > 0 .05) in the period from 1 to 42 d only for feed 
intake, where antibiotic, Premium Lac AP and Premium Lac BP did not 
differ, but had lower results compared with unchallenged and challenged 
treatments . However, in the period from 22 to 35 d when there were C. 
perfringens inoculation, unchallenged treatment had best results . Chal-
lenged treatment showed similar results to antibiotic, which in turn was 
similar to Premium Lac AP for feed intake, body weight, body weight 
gain and feed conversion ratio, indicating that the Premium Lac AP 
was as effective as antibiotic for necrotic enteritis control . Regarding 
the intestinal lesions caused by necrotic enteritis, Premium Lac BP and 
Premium Lac AP stood out for lower incidence of lesions, suggesting 
greater efficiency in controlling the disease.

Key Words: sanitary challenge, Clostridium perfringens, Eimeria 
maxima, intestinal lesion

424P   Withdrawn. 
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425P   Improvement in growth performance, intestinal morphol-
ogy and gut immunity in broilers supplemented with a selected 
formula of protected organic acids and essential oils. Hongliang 
Xin1, Chengbo Yang2, Derek Detzler2, Kathleen Sary*2, Jean-Chris-
tophe Bodin2, and Ludovic Lahaye2, 1College of Animal Science and 
Technology, Northwest A&F University, Yangling, China., 2Jefo Nutri-
tion Inc., Saint-Hyacinthe, QC, Canada.

As the poultry industry is moving toward antibiotic-free rearing, many 
alternative products offer an appealing compromise as a gut health 
promoter but individual validation of their efficiency is required. 
This experiment was conducted to compare growth performances and 
intestinal morphology in broilers supplemented with a selected formula 
of protected essential oils and organic acids mixture (P(EO+OA)), 
an antimicrobial growth promoter or a non-medicated diet . A total of 
450 chicks (Cobb 500) were randomly allocated to 1 of the 3 groups: 
Control (non medicated), Antibiotic (enramycin at 150g/MT) and Treat-
ment (protected essential oils and organic acids mixture at 300g/MT) . 
Feed to gain ratio compiled from 22 to 42 d from Treatment group was 
significantly reduced when compared with Control group (P < 0 .05) 
but did not demonstrate a significant difference when compared with 
Antibiotics group (P > 0 .05) . Treatment group presented lower mortal-
ity compared with other groups, although not statistically significant. 
Morphometric measurements of jejunum villi from Treatment group 
were significantly increased when compared with Control group (P 
< 0 .05) but not statistically different when compared with Antibiotics 
group (P > 0 .05) . SIgA levels, measured by a commercial RIA kit, were 
significantly increased in duodenum in Treatment group when compared 
with Control and Antibiotics groups (P < 0 .05) . We concluded that the 
addition of a selected formula of protected organic acids and essential 
oils could improve nutrient utilization efficiency in broiler, in association 
to improvement in intestinal morphology and increase SIgA intestinal 
secretion, positioning this product as an interesting alternative compa-
rable to antibiotics growth promoters in poultry production .

Key Words: essential oil, organic acid, growth performance, intestinal 
morphology, microencapsulation

426P   Withdrawn. 

427P   Effects of mixed-species direct-fed microbial on male 
broiler growth performance. A . T . Jasek*1, J . Barnes2, R . Carpen-
ter2, T . Duong1, and J . T . Lee1, 1Poultry Science Department, Texas 
A&M AgriLife Research, College Station, TX, 2BiOWiSH Technolo-
gies, Cincinnati, OH.

The objective of the current study was to evaluate the effects of a 
mixed-species direct fed microbial (DFM) consisting of Bacillus and 
Lactobacillus cultures on male broiler growth performance . A total of 
2100 broilers were assigned randomly to in a 2 × 3 factorial arrangement 
consisting of 10 replicates of 35 broilers . Feed form (mash or pellet) and 
DFM inclusion level (0, 0 .1 kg/ton, and 1 kg/ton) were evaluated . All 
diets were corn and soybean meal based and included dried distillers 
grains with solubles, meat and bone meal, and phytase . A large basal 
diet was manufactured, divided into 3 equal groups for the addition 
of dietary treatment . Each treatment was then divided in 2 parts with 
one portion fed as a mash diet, whereas the other portion pelleted at 
75 C with a 20 s conditioning time . Birds were fed starter (d 1–14), 
grower (d 14–28), and finisher (d 28–42). Average body weight (BW), 
mortality adjusted feed conversion ratio (FCR) and feed consumption 
(FC) were determined on d 14, 28, and 42 which corresponded with 
dietary changes . As expected, FC (P < 0 .05) and, BW (P < 0 .05) were 
increased, whereas FCR (P < 0 .05) was decreased in pellet fed broilers 

as compared with mash fed broilers . Inclusion of DFM at 0 .1 kg/ton 
increased (P < 0 .05) d 14 BW, however no difference in FC between 
treatments was observed during the starter phase . Inclusion of 0 .1 kg/
ton DFM improved (P < 0.05) starter FCR. Pelleted feed significantly 
improved (P < 0.05) FCR for the finisher phase. To account for differ-
ences in final body weight (P < 0 .05); FCR was adjusted 1 point for 
every 27 g difference in BW . Inclusion of 0 .1 kg/ton of DFM reduced (P 
< 0 .05) weight adjusted FCR to levels comparable to the control feed . 
However, increasing the inclusion rate to 1 .0 kg/ton did not improve 
weight adjusted FCR. Feed form and DFM inclusion did not influence 
total mortality or litter ammonium concentration, ileal pH, and ceca 
pH on d 42 . These data demonstrate that inclusion of a mixed-species 
DFM consisting of Lactobacillus and Bacillus cultures improved male 
growth performance; however, it is dose dependent .

Key Words: broiler, performance, direct-fed microbial, pellet

428P   Withdrawn. 

429P   Influence of natural betaine on growth and performance 
of market toms raised in winter. Janet C . Remus*1 and Jeffre D . 
Firman2, 1Danisco Animal Nutrition/DuPont Industrial Bioscience, St. 
Louis, MO, 2University of Missouri, Columbia, MO.

This trial was conducted to compare responses of market toms to natural 
betaine supplemented over the top of an existing diet or in diets reduced 
in methionine and choline during the winter period . This trial utilized 
800 Hybrid poults split into 4 treatments, each with 8 replicate floor 
pens of 25 birds . The treatments were (1) standard diet using University 
of Missouri Ideal Amino Acid ratios (PC) and was adequate in all nutri-
ents; (2) diet 1 plus 2 lbs natural betaine (BET); (3) diet 1 minus 10% 
DSAA and no added choline chloride (NC); (4) diet 3 plus 2 lbs BET . 
Significance was set at P < 0 .05 unless otherwise noted . This trial was 
run in the unusually cold winter of 2013–2014 . At 20 weeks, the main 
effect of BET supplementation was improved weight and mortality-
corrected F:G (mcF:G). Specifically, 20-wk toms fed the PC + BET 
showed increased weight vs either PC or NC birds and mcF:G revealed 
that PC +BET and NC+BET birds were more efficient than controls. 
Calorie conversion tended to improve with BET supplementation (P < 
0 .1) . No differences in livability were noted . As main effects, higher 
amino acid diets improved breast meat yield (BMY) while BET tended 
to increase BMY (P = O .O7) . Treatmentwise, PC+BET toms had greater 
BMY as a percentage of carcass weight than other treatments . Overall, 
supplementation of BET improved performance of winter-raised heavy 
toms and may increase BMY .

Key Words: betaine, turkey, performance, yield, winter

430P   The effects of dietary emulsifier on laying hen perfor-
mance. Levy Teixeira*, Raquel Mencalha, Manuel F . Bobadilla-
Mendez, Lislaine M . Batista, and Antonio G . Bertechini, Federal 
University of Lavras, Lavras, Minas Gerais, Brazil.

The addition of dietary emulsifier can have a positive impact on fat 
digestion and thus animal performance; this allows for a diet formulation 
with lower a nutrient density and greater economic benefit. The present 
study aimed to evaluate the effects of an emulsifier based on hydrolyzed 
soy lysolecithin with different levels of metabolizable energy on the 
performance of Hy-Line W36 hens from 22 to 34 weeks . A total of 588 
laying hens (22 wk of age) were allocated to 7 dietary treatments with 
6 replications of 14 hens each . Stocking density based on cage size was 
321 cm2/hen (0 .345 ft2/hen) and diets were fed as a mash . The inclu-
sion rate of emulsifier was 500 g/ton. The treatments were T1: Positive 
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control with normal level of metabolizable energy (ME); T2: Negative 
control 1 (NC1) −67 kcal/kg of (ME); T3: NC1 + Emulsifier; 4: NC2 
−134 kcal/kg of ME; T5: NC2 + Emulsifier; T6: NC3 −201 kcal/kg of 
ME; T7: NC3 + Emulsifier. Egg production, feed intake, egg weight, 
and feed conversion (g of feed/g of egg and kg of feed/dozen eggs) were 
measured every 4 weeks . Data were analyzed as a completely random-
ized split-plot design and differences were considered significant at P 
< 0 .05 by SNK’s test . There were no interaction between weeks and 
treatments on any measures evaluated . Egg production, feed intake, and 
egg weight were not affected (P > 0 .05) by treatments, but the birds fed 
T6 showed the highest feed conversion (P < 0 .05) . In conclusion, the 
performance of laying hens fed reduced dietary metabolizable energy 
with or without emulsifier were similar to those fed positive control.

Key Words: egg production, metabolizable energy, hydrolyzed soy 
lysolecithin

431P   Meta-analysis of the effects of a blend of capsicum oleo-
resin, cinnamaldehyde and carvacrol on the performance and 
metabolizable energy of broilers. Clementine Oguey*1 and David 
M . Bravo2, 1Pancosma SA, Le Grand Saconnex, Geneva, Switzerland, 
2InVivo NSA, Saint Nolff, France.

A meta-analysis was carried out to evaluate the effect of 100 ppm of 
a standardized protected mixture of 2% capsicum oleoresin, 3% cin-
namaldehyde and 5% carvacrol (XT, XTRACT 6930, Pancosma) on 
performance and AMEn of broilers . A total of 15 peer reviewed articles 
organized in 20 trials were abstracted following a systematic search 
of the literature . The effect of XT on ADFI, ADG, FCR and AMEn 
was assessed by mixed model, treatment being considered as a fixed 
effect and trial as a random effect . The LSMEANS option was used to 
correct the means form the random effects . Effect size (ES) and 95% 
confidence intervals (CI) were calculated. The sensitivity of the results 
to individual trials was evaluated for each parameter . Publication bias 
was assessed by the test of Begg and creation of funnel plots . In case of 
publication bias, the Trim and Fill method was used . The heterogeneity 
of the response to XT for each outcome was assessed by I2 statistics . A 
publication bias was detected for ADFI (4 trials missing to left) perhaps 
leading to an overestimation of the effect of the product on this outcome . 
Nevertheless, based on 38 treatments, XT had no effect on ADFI (mean 
83.03 g/d, adjusted ES = 0.035, CI = −0.192 to 0.261, P > 0 .05) . XT 
increased ADG (+4 .5%, adjusted ES = 0 .724, CI = 0 .388 to 1 .060, P < 
0.01) with no publication bias. Finally, XT reduced FCR (−3.9%, ES 
= −0.832, CI = −1.171 to −0.494, P < 0 .01) with one possible miss-
ing trial at the right of the mean . Effect of XT on ADG and FCR were 
heterogeneous (I2 of respectively 66% and 69%) with for example the 
breed as a significant moderating variable for both outcomes (P < 0 .01) . 
Finally, based on 10 treatments, XT improved AMEn by 2 .4% (ES = 
0 .829, CI = 0 .449 to 1 .209, P < 0 .01) .

Key Words: AMEn, broiler performance, meta analysis, phytomolecules

432P   Refined Clostridium perfringens challenge model to eval-
uate feed additives in broiler chicks. A . Haq*1, J . A . Byrd3, J . R . 
Corley2, M . Hashim1, C . A . Bailey1, and J . Fowler1, 1Texas A&M Uni-
versity System, College Station, TX, 2Phileo Lesaffre Animal Care, 
Milwaukee, WI, 3USDA-ARS, College Station, TX.

Over the last few years it has become fairly common to evaluate feed 
additives designed to enhance the performance in poultry using a gastro 
intestinal (GI) stressor such as a coccidia vaccine or direct coccidia chal-
lenge . This type of GI challenge often helps differentiate product effects 
that may not be seen when the birds are reared under pristine conditions . 

We have adapted a previously published experimental disease model for 
necrotic enteritis for evaluating prebiotic potential of yeast cell wall in 
broiler chickens . The original challenge model used a wheat-based diet 
with both commercial bursal disease and coccidia vaccine pre-stressors 
on d 10 followed by a twice daily Clostridium perfringens challenge 
for 3 consecutive days beginning at d 17. We simplified this model by 
eliminating the coccidia vaccination and reducing the Clostridium chal-
lenge to a once-daily 3-mL oral gavage of 1 × 107 cfu/mL on d 16 and 
17 . Our basal diets are based on corn/soy crumbles rather than a wheat/
corn mash . A non-Clostridium challenged (NCh) control group is also 
included along with the test treatments . We analyzed control data from 
4 different studies using ANOVA and found significant differences (P 
< 0 .05) in broiler performance for all production variables examined . 
This simplified challenge model results in an average decrease in 21 
d cumulative body weight of 839 ± 57 g for the NCh group and 773 ± 
76 g for the challenged control group . The challenge period (d 16–21) 
weight gains average 312 ± 47 g for the NCh group versus 246 ± 68 g 
for the challenged control . Cumulative feed to weight gain averaged 
1 .42 ± 0 .11 and 1 .51 ± 0 .11 for the NCh and challenged control groups 
respectively . The challenge period feed to gain ratios averaged 1 .64 
± 0 .28 and 2 .12 ± 0 .53 for the NCh and challenged control groups 
respectively . Cumulative productivity index averaged 279 ± 36 for the 
NCh groups and 204 ± 62 for the challenge control groups . This adapted 
model has been used successfully to evaluate yeast cell wall prebiotic 
potential in poultry and is applicable to other feed additives as well .

Key Words: Clostridium, challenge, broiler, nutrition

433P   Dietary emulsifier improves the pre-peak performance in 
laying hens. Antônio G . Bertechini*, Levy Teixeira, Fabiana Maciel, 
Raquel Mencalha, and Sabrina A . de Paula Alcebíades, Federal Uni-
versity of Lavras, Lavras, Minas Gerais, Brazil.

The use of emulsifiers in poultry feed can be an important tool to 
improve fat digestibility, resulting in better energy utilization of diets . 
The present study aimed to evaluate the effects of an emulsifier based on 
hydrolyzed soy lysolecithin with different levels of metabolizable energy 
on the performance of Hy-Line W36 hens from 18 to 21 weeks . A total 
of 588 laying hens (18 wk of age) were randomly assigned to 7 dietary 
treatments with 6 replications of 14 hens each . Stocking density based 
on cage size was 321 cm2/hen (0 .345 ft2/hen) and diets were in mash 
form. The inclusion rate of emulsifier was 500 g/ton. The treatments 
were T1: Positive control with normal level of metabolizable energy 
(ME); T2: Negative control 1 (NC1) −67 kcal/kg of (ME); T3: NC1 + 
Emulsifier; T4: NC2 −134 kcal/kg of ME; T5: NC2 + Emulsifier; T6: 
NC3 −201 kcal/kg of ME; T7: NC3 + Emulsifier. Egg production, feed 
intake, egg weight, and feed conversion (g of feed/g of egg and kg of 
feed/dozen eggs) were measured at the end of 21 wk . Data were analyzed 
by ANOVA and differences were considered significant at P < 0 .05 by 
SNK’s test . Birds fed diet T3, T5, and T7 had higher egg production 
and better feed conversion (P < 0 .05) compared with T2, T4 and T6, 
respectively. There was no significant difference (P > 0 .05) among 
treatments for feed intake and egg weight . Resuls of this study suggest 
that the use of the emulsifier in the pre-peak phase can assist laying 
hens to better utilize dietary energy to ensure efficient egg production.

Key Words: egg production, feed additive, metabolizable energy, 
emulsifier

434P   Phytochemicals reduce aflatoxin-induced toxicity in 
chicken embryos. H . Yin*1, C . Chen1, I . Upadhyaya1, M . J . Darre1, 
A . M . Donoghue2, D . J . Donoghue3, and K . Venkitanarayanan1, 
1Department of Animal Science, University of Connecticut, Storrs, CT, 



Poult . Sci . 94 (E-Suppl . 1)142

2Poultry Production and Product Safety Research Unit, USDA, Uni-
versity of Arkansas, Fayetteville, AR, 3Center of Excellence for Poultry 
Science, University of Arkansas, Fayetteville, AR.

Aflatoxins (AF) are toxic metabolites produced by molds, Aspergillus 
flavus and Aspergillus parasicitus, which frequently contaminate chicken 
feed ingredients . Ingestion of AF-contaminated feed by chickens leads 
to deleterious effects, including decreased chicken performance and 
reduced egg production . Moreover, AF residues in fertilized eggs result 
in huge economic losses by decreasing embryo viability and hatchability . 
This study investigated the efficacy of 2 generally recognized as safe, 
plant-derived antimicrobials (PDAs), namely carvacrol (CR) and trans-
cinnamaldehyde (TC), in protecting chicken embryo from AF-induced 
toxicity . Day-old embryonated eggs were injected with 50 ng or 75 ng 
AF with or without 0 .1% CR or TC, followed by incubation in a hatch-
ing incubator for 18 d . Relative embryo weight, yolk sac weight, tibia 
weight, tibia length, and mortality were recorded on d 18 of incubation . 
The effect of PDAs and ethanol (diluent) on embryo viability was also 
determined . The experiment had 5 replicate samples and was repeated 
twice. Both PDAs significantly decreased AF-induced toxicity in chicken 
embryos . Carvacrol and TC increased survival of chicken embryos by at 
least 10% as compared with control . Moreover, CR and TC decreased 
relative yolk sac weight by at least 18% and 35%, and increased rela-
tive embryo weight by at least 20% and 26% when compared with eggs 
injected with 50 ng and 75 ng AF, respectively . The growth of embryos 
(tibia length and weight) was improved in PDA-treated groups as 
compared with embryos injected with AF alone (P < 0 .05) . PDAs and 
ethanol treatments did not adversely affect embryo survival, and other 
measured parameters (P > 0 .05) . Results from this study demonstrate that 
CR and TC affect AF-induced toxicity in chicken embryos and therefore 
potentially could be used as feed additive to control AF contamination 
in hatched chicks . However, in vivo studies are warranted to validate 
this hypothesis . Funded in part by the USDA-NIFA-OREI 2011–01955 .

Key Words: aflatoxin, carvacrol, trans-cinnamaldehyde, embryonated 
eggs

435P   Performance of cocci challenged broilers fed diets supple-
mented with PNA in conjunction with an anticoccidial vaccina-
tion program versus a coccidiostat program in a 42-d 32-pen floor 
pen trial. Michael Sims1, Theodore P . Karnezos*2, Ronald Dvorak2, 
and Curtis Novak3, 1Viginia Diversified Research Corporation, Har-
risonburg, VA, 2PMI Nutritional Additives, Arden Hills, MN, 3Purina 
Animal Nutrition LLC, Shoreview, MN.

A 42-d, 30 bird/pen, 4 treatment, 8 replications (32 pens) broiler study 
was conducted to compare the performance, feed conversion and lesion 
scores of coccidiosis challenged (4d with E . acervulina, E. maxima and 
E. tenella) broilers fed diets supplemented with PNA (proprietary blend 
of pre and probiotics and phytogenics) while on an anticoccidial vaccina-
tion program or a coccidiostat program . Treatments were 1) Salinomycin 
60 g/ton in the starter + BMD 50 g/ton in grower + STAFAC 20 g/ton 
in the finisher (SAL60); 2) Coccivac-B plus BMD 50 g/ton in grower 
+ STAFAC 20 g/ton in finisher (CVAC) 3) No Additives, No CVAC 
(nCON); 4) Coccivac-B + PNA at 1 .0 lb/ton in starter + 0 .75 lb/ton in 
grower + 0 .5 lb/ton (PNA) . Pen and feed weights collected at 21d and 
42d, lesion scores collected from killed birds (3 and 2/pen) on 21d and 
35d. At 21d, body weight of CVAC and PNA groups were significantly 
heavier (P ≤ 0.05) than the SAL60 group and feed conversion (FC) 
of the CVAC group was significantly better than those of the SAL60, 
nCON and PNA groups (P ≤ 0.05). Average Total-tract coccidiosis 
lesion scores (ATT) at 21d were lowest (1 .33) for the SAL60 group 
and highest (2 .67) for the nCON group (P ≤ 0.05). The ATT at 35d of 

the SAL60 group (0 .75) was the lowest (P ≤ 0.05) and all other groups 
(nCon = 3 .13; CVAC = 2 .75 and PNA = 2 .63) were similar (P > 0 .05) . 
The 42-d body weight of nCON group was significantly less (P ≤ 0.05) 
than the other groups which were not different (P > 0 .05) from each 
other . Feed conversion ratios and Mortality Adjusted FC ratios at 42d 
of the nCON group was significantly worse (P ≤ 0.05) than all other 
groups which were similar (P > 0 .05) . These data demonstrate that when 
broilers challenged with Coccidiosis and on an anticoccidial vaccination 
program fed a diet supplemented with PNA were as effective for body 
weight and feed conversion as CVAC with antibiotics or SAL60 with 
antibiotics . Also, total mortality % was approximately equal for all 3 
treatments (4 .38% to 5 .00%) .

Key Words: cocci challenge, Coccivac-B, broiler, weight gain, FCR

436P   Chemical modification of essential oils as an alternative to 
encapsulation. Matthew Mahoney*, Graciela Arhancet, Drew Lich-
tenstein, Frances Yan, and Mercedes Vazquez-Anon, Novus Interna-
tional Inc., Saint Charles, MO.

Essential oils (EOs), such as thymol, carvacrol, eugenol, and cinnam-
aldehyde are useful antimicrobials for improving growth performance 
and gut health in poultry . The antibacterial activity of EOs against 
Salmonella, E. coli, C. perfringens, and C. jejuni has been well-
documented . However, EOs are typically volatile, reactive compounds 
and are unstable to heat . In addition, rapid absorption or degradation 
of the EO in the proximal gastrointestinal tract has prompted the use 
of encapsulation to deliver effective concentrations of the active to the 
lower gut . Although certain encapsulation technologies are effective to 
protect EOs, encapsulation adds complexity and cost to the application 
of EOs as feed additives . The objective of this research is to demonstrate 
that the protection of a series of EOs through chemical modification 
can be employed as a strategy to improve EO thermal stability and 
decrease degradation . Thermal stability studies of several EO esters by 
TGA showed a ~50°C increase in decomposition temperature over the 
free EOs, indicating an increase in heat stability for the esters . In vitro 
studies demonstrated that the EO esters were hydrolyzed in simulated 
intestinal fluid (SIF) to release the free EO. The EO esters were mixed 
with SIF and analyzed over time by HPLC for disappearance of EO 
ester . A study in broilers showed no statistical differences in growth 
performance between EO esters and encapsulated EO . A total of 576 
Ross 708 male broilers were used in this study . Birds were randomly 
assigned to 9 treatments, with 8 replicate pens per treatment and 8 birds 
per pen . A rye wheat based basal diet was formulated to meet nutrient 
requirements recommended by NRC (1994) . These results provide 
evidence that chemical protection of EOs, through the preparation of 
EO esters, is an effective solution to improve the thermal stability and 
performance of commonly used EOs as feed additives .

Key Words: essential oil, thymol, carvacrol, antimicrobial, pelleting

437P   Efficacy of probiotic bacteria in reducing Aspergillus par-
asiticus aflatoxin production and hepatic cytotoxicity in vitro. H . 
Yin*1, C . Chen1, M . J . Darre1, A . M . Donoghue2, D . J . Donoghue3, 
and K . Venkitanarayanan1, 1Department of Animal Science, University 
of Connecticut, Storrs, CT, 2Poultry Production and Product Safety 
Research Unit, USDA, University of Arkansas, Fayetteville, AR, 
3Center of Excellence for Poultry Science, University of Arkansas, 
Fayetteville, AR.

Aspergillus parasiticus produces highly hepatocarcinogenic aflatoxins 
(AF) in grains, which are used as poultry feed ingredients . Contamina-
tion of poultry feed with AF is a major concern to the poultry industry 
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due to serious economic losses stemming from poor performance and 
diminished egg hatchability . In addition, AF poses a threat to human 
health due to their potential presence as residues in meat and egg . This 
study investigated the efficacy of cell-free supernatants of 3 probiotic 
bacteria, namely Lactobacillus reuteri, Lactobacillus plantarum, and 
Bifidobacterium bifidum in reducing AF production and AF-induced 
cytotoxicity on HepG2 human hepatocytes by 2 strains of A. parasiticus . 
Additionally, the effect of cell-free supernatants on the expression of 
AF synthesis genes (aflB, aflC, aflS, nor1, norA, and ver1) in the mold 
was determined using real-time quantitative PCR (RT-qPCR) . Each 
strain of A. parasiticus was separately cultured in potato dextrose broth 
(PDB, ~5 log cfu/mL) with or without sub-inhibitory concentration (SIC, 
concentration not inhibiting fungal growth) of probiotic supernatants 
at 25% for 5 d . The AF concentration in PDB was determined on d 5 
of incubation using a standard ELISA protocol . The effect of probiotic 
supernatants on AF-induced hepatotoxicity on HepG2 cells was studied 
by determining cell membrane integrity . All experiments had duplicate 
samples and were replicated 3 times . Probiotic supernatants decreased 
AF production by at least 70% in both A. parasiticus strains compared 
with control (P < 0 .05), and reduced AF-induced cytotoxicity in HepG2 
cells (P < 0 .05) . Moreover, probiotic supernatants downregulated the 
expression of major A. parasiticus genes associated with AF synthesis 
(P < 0 .05) . Results suggest that probiotic supernatants could potentially 
be used as supplements to reduce A. parasiticus virulence; however, in 
vivo studies are necessary to validate these results . Funded in part by 
the USDA-NIFA-OREI 2011–01955 .

Key Words: Aspergillus parasiticus, aflatoxins, probiotic bacteria, 
hepatocyte

438P   Ileal mucosa and digesta microbiota of broiler chickens 
in response to fructooligosaccharide supplementation. Yue Shang1, 
Ehsan Khafipour1, Ji Hyuk Kim2, and Woo Kyun Kim*3, 1Department 
of Animal Science, University of Manitoba, Winnipeg, MB, Canada, 
2Poultry Science Division, National Institute of Animal Science, Rural 
Development Administration, Chungnam, Republic of Korea, 3Depart-
ment of Poultry Science, Athens, GA.

The effect of fructooligosaccharide (FOS) supplementation as an 
alternative to antibiotics on ileal mucosa and digesta microbiota of 
broiler chickens was investigated in a 21-d broiler trial . Three dietary 
treatments were randomly assigned to 6 replicate cages of 5 birds each, 
which include: positive control (PC), a wheat-corn-soybean meal based 
diet containing antibiotics (virginiamycin and monensin); negative con-
trol (NC) as PC without antibiotic/coccidiostat; and NC+FOS, as NC 
supplemented with 0 .5% of FOS . Ileal mucosa and digesta from each 
replicate were sampled on d 21. DNA was extracted for the amplification 
of V4 region of bacterial 16S rRNA genes and subjected to Illumina 
sequencing . Bioinformatics analyses were performed using QIIME . On 
average, 31,156 sequence reads per sample were generated . The bacte-
rial α- and β-diversity did not exhibit significant difference between 
dietary treatments and ileal sites (mucosa and digesta) . A total of 161 
and 113 bacterial genera were identified in the mucosa and digesta 
samples, respectively. Ninety-five genera were shared between ileal 
mucosa and digesta, whereas 66 and 18 were found in the mucosa or 
digesta alone . The relative abundance of Lachnospiraceae was greater 
in the ileal mucosa than in the digesta (P < 0 .05) . Among ileal mucosa 
samples, proportions of Helicobacter and Desulfovibrio were greater in 
NC compared with NC+FOS (P < 0 .05) . Adlercreutzia, Allobaculum, 
Anaerotruncus, Lactococcus, Mucispirillum, Roseburia, Ruminococcus, 
and Lactobacillaceae were positively correlated to the ileal mucosa 
of broiler chickens fed PC diet, whereas Sutterella, Bacteroidaceae 
and Coriobacteriaceae were correlated with NC+FOS group . In the 

ileal digesta, Helicobacter, Desulfovibrio, Peptostreptococcaceae, and 
Rikenellaceae were associated with PC, while Adlercreutzia, Parapre-
votella, Coriobacteriaceae, Erysipelotrichaceae, Ruminococcaceae, 
and S24–7 were positively correlated with NC+FOS group . In general, 
the 2 ileal sites and 3 dietary treatments resulted in similar microbial 
α- and β-diversities but different composition in the broiler chickens.

Key Words: fructooligosaccharides, antibiotics, microbiota, sequenc-
ing, ileum

439P   Effect of EconomasE compared with other antioxidants 
on broiler breeder production, egg, embryo, chick quality, and 
early broiler growth traits. R . A . Renema1, A . Pishnamazi1, R . 
Samuel*2, and A . E . Sefton3, 1University of Alberta, Edmonton, AB, 
Canada, 2Alltech Inc., Nicholasville, KY, 3Alltech Inc., Guelph, ON, 
Canada.

The effect of maternal dietary antioxidants on broiler embryo and chick 
traits was examined . At 30 wk of age, caged Ross 708 broiler breeder 
hens (n = 96) were randomly allocated to antioxidant feeding treatments 
as follows: CON (Control: no added Se and 10 IU/kg Vit E); SEL (0 .3 
ppm inorganic Se and 10 IU/kg Vit E); E+SEL (0 .3 ppm inorganic Se 
and 50 IU/kg Vit E); or EE (EconomasE: provides 0 .3 ppm organic Se) . 
The feed included oxidized canola oil (fryer oil) (OxCAN) as an oxida-
tive challenge or virgin canola oil (CAN) . Egg traits were recorded at 
31 and 39 wk of age . Eggs from 41 and 43 wk of age were incubated to 
determine chick quality and early growth traits . Embryo growth at 5, 10, 
and 15 d of incubation was measured in eggs from 42 and 44 wk of age . 
Egg production, egg weight, egg composition, embryo weight, progeny 
BW and FCR data were analyzed as a 2-way ANOVA . Egg composition, 
chick BW and chick length were analyzed by 2-way ANCOVA, with egg 
weight as a covariate . Egg production, egg, yolk, and albumen weight, 
albumen height, and egg specific gravity were not affected by maternal 
dietary oil or antioxidant treatment . Feeding hens CAN increased egg 
weight by 2 .4% compared with that of hens fed OxCAN (P < 0 .0001) . 
Oil and antioxidant treatments did not affect embryo weight at 5, 10, and 
15 d of incubation once egg weight was accounted for with covariate 
analysis . Oil and antioxidant treatments did not affect chick activity or 
hock, beak, or navel condition at hatch . The CV of chick BW was 9 .6 
in EE chicks compared with a mean of 12 .6 in CON and E+SEL chicks . 
Covariate analysis indicated that chick weight was affected by dietary 
antioxidants at 41 and 43 wk, and by dietary oil at 43 wk . The EE hens 
had 1 .2 g heavier chicks than those of CON hens at 41 wk of age (P 
= 0 .02) . At 43 wk of age, chicks from EE hens were 2 .2% g heavier, 
on average, than chicks CON or E+SEL hens (P = 0 .001) . Chick BW 
differences persisted to the final measurement at 7 d of age (P = 0 .06) . 
The 7 d FCR did not differ among treatments . Maternal EE treatment 
can increase chick size .

Key Words: broiler breeder, maternal nutrition, antioxidants, Econo-
masE, chick quality

440P   Effect of coated and powder sodium butyrate in diets for 
broilers reared with reused litter on gut histological parameters. J . 
Hernandez*1, Y . Avellaneda2, R . Ortiz2, G . Afanador1, and C . Ariza-
Nieto2, 1National University, Bogota, Colombia, 2Corpoica, Bogota, 
Colombia.

Short-chain fatty acids have been widely used as feed additives in poul-
try . Data on the use of butyric acid in broilers are lacking . In this study, 
powder form (99%) and coated (30%) butyric acid were compared in 
their effects on the performance and intestinal microstructure of broilers 
reared with reused litter during a commercial production cycle of 41 d . 
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Seven hundred twenty one-day-old Avian cobb male chicks were fed 
with isocaloric and isoproteic commercial type diets in 2 phase feeding 
system with starter diet (1–20 d) and finisher phase (20–41 d). Broilers 
were located on reused litters and randomly assigned to one of the 4 
dietary treatment groups: 1) Control diet without supplementation (C), 
2) zinc bacitracin diet 500g/ton like growth promoter (GP), 3) sodium 
butyrate: free 98% (FB) and 4) coated 30% (CB) at dosage of 500 g/ton 
in both diets (FB,CB) . For gut histological analysis 4 birds/treatment 
were slaughtered and sampled for Duodenum, Jejunum and Ileum, PAS 
staining was used . Data were analyzed as a completely randomized 
design using Tukey method to compare means (P < 0 .05) . Histological 
measures villus height (VH), crypt depth (CD) and apparent area of 
villus (AAV) were analyzed . Height villus was positively affected (P < 

0.05) in the duodenum by GP treatment (1862.1 vs 1673.4 μm, for GP 
and C, respectively) and jejunum for CB (1151.1 vs 1060.6 μm for CB 
and C, respectively) . For CD, CB supplementation showed a positive 
effect (P < 0 .05) in the 3 segments being deeper crypts duodenum in 
30% and 10% in the jejunum . The villus of the duodenum showed (P 
< 0 .05) more apparent absorption surface when GP was used in the diet 
(235437 μm2 vs 198569 μm2, for GP and C, respectively) whereas in 
the jejunum the use of any additive improve the AAV (116209 μm2 vs 
97082 μm2, for additives supplemented vs control) . It can be concluded 
that Sodium butyrate coated and uncoated and zinc bacitracin affect gut 
morphometry promoting higher villus height, crypt depth and apparent 
area of villus compared with control diet .

Key Words: sodium butyrate, villus height, crypt depth, surface area, gut
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441P   Performance and carcass yield of broilers fed with sugar 
cane yeast. C . C . Lopes1, C . B . V . Rabello*2, D . N . M . Ferreira2, E . S . 
R . Soares2, F . G . P . Costa3, A . C . F . Santos2, and E . V . R . Silva2, 1Uni-
versidade Federal de Sergipe, São Cristovão, Sergipe, Brazil, 2Uni-
versidade Federal Rural de Pernmabuco, Recife, Pernambuco, Brazil, 
3Universidade Federal da Paraiba, Areia, Paraiba, Brazil.

The purpose of this study was to evaluate the effect of increasing levels 
of sugar cane yeast (SCY) on diets of broilers on performance and car-
cass yield . 450 male broilers, Cobb 500, 1 d old were distributed in a 
completely randomized design consisting of 5 treatments and 6 replicates 
of 15 birds each . The SCY was included in the experimental diets at 
levels of: 0; 1 .25; 2 .5, 3 .75 and 5 .0% . The SCY chemical composition 
was 29 .76% crude protein, 0 .29% calcium, 0 .27% available phosphorus, 
0 .20% sodium, 1 .53% lysine digestible, 0 .34% methionine+cystine 
digestible, 0 .85% threonine digestible, 0 .11% tryptophan digestible . 
The energetics values for the SCY previously determined in metabolism 
assay were 2,030 kcal/kg AME (1–8 d old); 1,194 kcal/kg AME (8–21d 
old) and 1,118 kcal/kg AME (22–42 d old) to broilers . The broilers 
were weighed weekly to determine the weight gain, feed intake, and 
feed conversion . At 42 d of age, 2 broilers per experimental unit were 
slaughtered for evaluation of carcass yield and cuts. No significant differ-
ences were found for performance, except for the weight gain at 7 d old 
(y = 0.110750 + 0.0101047x − 0.001653x2); broilers fed 3 .05% SCY in 
diet had higher weight gain . The chilled carcass yields increased linearly 
(y = 75 .03 + 0 .3112x) and abdominal fat decreased quadratically (y = 
1 .987917 – 0 .449533x + 0 .0952x2); broilers fed with 2 .36% SCY had 
lowest abdominal fat . Other carcass yield and cuts parameters were not 
influenced by the level of SCY in the diets. In conclusion, the inclusion 
of 5% SCY can be used in broilers diets at 42 d of age, however for the 
lowest abdominal fat is recommended the maximum inclusion of 2 .36% .

Key Words: alternative food, carcass yield, productive performance, 
Saccharomyces cerevisiae

442P   Different strategies of using sorghum for broilers. N . S . 
Fagundes*1,2, J . F . M . Menten1, R . Pereira1, C . Bortoluzzi1, J . M . 
Rafael1, G . S . Napty1, J . G . M . Barbosa1, and M . C . M . Sciencia1, 1Uni-
versity of Sao Paulo, Piracicaba, SP, Brazil, 2Fundação de Amparo a 
Pesquisa do Estado de São Paulo FAPESP, São Paulo, Brazil.

Two experiments were conducted to evaluate the performance of broilers 
fed diets with different combinations of sorghum and corn, as well as 
the whole grain of sorghum . In Exp . 1, 2,000 d-old chicks were used 
to study the effect of feeding sorghum or corn in the pre-starter diet 
(1–7 d) and then changing to the other cereal, compared with feeding 
each grain alone or in combination for the whole period . The grain was 
ground and the diets were isonutritive and fed in meal form . In Exp . 
2, the effect of changing from whole sorghum in the pre-starter diet to 
ground sorghum in the other diets or changing from ground to whole 
sorghum in the same phases compared with feeding ground or whole 
sorghum in the entire period was studied with 2,000 d-old chicks . Both 
trials were in randomized complete block design with 5 treatments and 
8 replicates of 50 birds per pen and were conducted until 40 d of age . 
The diets were based on cereal grain, soybean meal and soybean oil . 
Gizzard development was recorded from 1 bird per pen at 21 d of age . 
Data were analyzed using the MIXED procedure with diet as a fixed 
effect and block as random term and non-orthogonal contrast by SAS . 
In Exp . 1, the performance of the broilers was not affected (P > 0 .05) 
when the grain type was changed or sorghum was fed for the entire 

period, compared with those fed corn-based diet, indicating that sorghum 
can be used as the only grain in broiler diets . In Exp . 2, feeding whole 
sorghum resulted in lower weight gain at 40 d, compared with ground 
sorghum, due to reduced feed intake (P < 0 .05) . Whole sorghum was 
more detrimental to performance when fed in the pre-starter phase than 
in subsequent phases (P < 0 .05) . Gizzard development was not affected 
by grain type in meal form (P > 0 .05, Exp . 1) but whole sorghum in 
the diet resulted in bigger gizzard and thinner gizzard membrane (P < 
0 .05, Exp . 2) . Ground corn or sorghum were equally adequate sources 
of grain for broilers but whole sorghum was not adequate for chicks 
in the first week.

Key Words: milo, grain type, whole grain, koilin membrane

443P   Influence of mean particle size of the main cereal of the 
diet on gastrointestinal tract traits and body measurements of 
brown-egg laying hens fed corn or barley based diets. Jorge Her-
rera1, Beatriz Saldaña2, Pilar Guzmán2, Mohammad Vahid Kimi-
aeitalab2, Lourdes Cámara*2, and Gonzalo G . Mateos2, 1Camar 
Agroalimentaria, S.L., Toledo, Spain, 2Departamento de Producción 
Agraria, Universidad Politécnica de Madrid, Madrid, Spain.

The influence of mean particle size (GMD) of diets based on corn or 
barley on the development of the gastrointestinal tract (GIT) and body 
measurements (pullet and tarsus length) was studied in brown-egg laying 
hens at 49 wk of age . Diets formed a 2 × 5 factorial with 2 main cereals 
(corn vs . barley) and 5 GMD of the cereal (4, 6, 8, 10, and 12 mm screen) . 
Main effects and interactions among main effects were analyzed and 
treatment sum of squares for the particle size was partitioned into linear 
(L) and quadratic (Q) effects . All diets had similar nutrient content per 
kcal of AMEn and were fed from 17 to 49 wk of age . Each treatment 
was replicated 5 times (10 hens per cage) . The average GMD ± GSD 
across the 5 screen sizes was 1,143 ± 2 .16 µm for the corn diets and 
1,311 ± 2 .06 µm for the barley diets . The GMD ± GSD across cereals 
varied from 1,003 ± 2 .04 µm for the 4-mm screen diets to 1,427 ± 2 .14 
µm for the 12-mm screen diets . At 49 wk of age, 2 hens per replicate 
were randomly selected, weighed individually, and euthanized by CO2 
inhalation . The full GIT, liver, gizzard, and proventriculus were excised 
and weighed, and the organ weight was expressed relative (%) to live 
BW . The pH of the gizzard content was measured in situ . The relative 
length (cm/kg BW) of the small intestine and the 2 ceca and the length 
of the hens from the tip of the beak to the end of longest phalanx, and 
tarsus were also measured . No interactions between type and GMD of 
the cereal were observed for any of the traits studied . Hens fed barley 
had heavier full GIT (127 vs . 121 g/kg BW; P < 0 .001) and gizzard 
(29 .1 vs . 27 .7 g/kg BW; P < 0 .05) than hens fed corn but none of the 
other GIT traits or body measurements was affected by the main cereal 
of the diet . In summary, feeding barley improved the development of 
the GIT including the gizzard as compared with feeding corn . Mean 
particle size of the cereal fed during the laying period did not affect the 
development of the GIT of the hens .

Key Words: barley, corn, screen size

444P   Influence of fiber content of the rearing diet and beak 
trimming at 18 d of age on subsequent performance of brown-
egg laying pullets. Beatriz Saldaña, Pilar Guzmán, Sara M . Rodado, 
Mohammad V . Kimiaeitalab, Lourdes Cámara*, and Gonzalo G . 
Mateos, Departamento de Producción Agraria, Universidad Politéc-
nica de Madrid, Madrid, Spain.
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The influence of beak trimming at 18 d of age on ADFI and BW gain 
for the next 3 d were studied in brown-egg laying pullets hatched from 
eggs laid by 24-wk old breeders . Eggs were collected at the hatchery 
and classified according to the pre-incubated egg weight (EW). The 
EW groups varied from 47 to 53 g with a difference of 1 g between 
treatments . The pullets resulting from these eggs had a BW that varied 
between 32 .5 and 35 .4 g between the 2 extreme EW . From hatching 
to 21 d of age pullets were fed a control diet without additional fiber 
or an experimental diet that included 3% oat hulls (OH) in substitution 
(wt:wt) of the whole diet . ADFI and BW gain were measured before 
(from 15 to 18 d of age) and after (18 to 21 d of age) beak trimming . 
Data were analyzed as a completely randomized design with treatments 
organized as a 2 × 7 × 2 factorial, with 2 measuring times (before and 
after beak trimming), 7 groups of chicks based on the pre-hatching EW, 
and 2 levels of OH inclusion (0 vs . 3%) . EW effects on ADFI and BW 
gain were partitioned into linear (L) and quadratic (Q) components . No 
interactions among main effects were detected and therefore, only main 
effects are presented . Beak trimming reduced the ADFI of the pullets 
between the 2 periods of 3 d considered by 45 .3% (23 .0 g from 15 to 
18 d of age vs . 12 .3 g from 18 to 21 d of age as an average; P < 0 .001) 
with a similar pattern observed for BW gain . The inclusion of 3% OH 
in the diet did not affect ADFI or BW gain of the pullets . In summary, 
pullets hatched from small eggs (>47 g) laid by young breeders had 
similar growth response to late beak trimming than pullets from larger 
eggs . Also, pullets fed 3% OH containing diets responded similarly to 
late beak trimming than pullets fed the control diet . Late beak trimming 
reduces ADFI significantly, resulting in a severe loss of performance. 
Consequently, the practice of beak trimming of the pullets at a late age 
might not be advisable .

Key Words: beak trimming, egg weight, oat hull, pullet

445P   Influence of body weight of the pullets at hatch on egg 
production at the onset of the subsequent laying period. Husham 
A . Mandalawi1, Beatriz Saldaña1, Pilar Guzmán1, Raúl Rodríguez2, 
Lourdes Cámara*1, and Gonzalo G . Mateos1, 1Departamento de Pro-
ducción Agraria, Universidad Politécnica de Madrid, Madrid, Spain, 
2Ibérica de Tecnología Avícola (Ibertec) S.A.U, Valladolid, Spain.

We studied the influence of pre-incubation weight of eggs (EW) laid 
by 24 wk-old brown laying breeders on egg production from 18 (start 
of egg production) to 22 wk of age (average egg production across EW 
treatments of 87 .8%) . The experiment consisted in 7 treatments based 
on the initial EW (47 to 53 g with 1 g difference between groups) Aver-
age BW of the extreme groups varied at hatching from 32 .5 to 35 .4 g, 
respectively . Feed intake, egg production, and egg weight were recorded 
weekly by replicate as well as for the entire experiment (18 to 22 wk of 
age) . Hens were weighed by replicate at the beginning and at the end of 
the experiment . From these data, ADFI, egg production, egg weight, egg 
mass, feed conversion ratio per kilogram of eggs and per dozen of eggs, 
and BW gain were calculated by week and for the entire experiment . 
Also, the number of dirty, broken, and shell-less eggs was recorded daily 
by replicate in all eggs produced . Data were analyzed as a completely 
randomized design with 7 treatments differing in the initial pre-hatching 
EW . Effects of EW on the variables studied were partitioned into linear 
and quadratic components . EW did not affect the age at which pullets 
reached 50% egg production, cumulative egg production, or BW gain 
of the hens from 18 to 22 wk of age . Egg weight and the proportion of 
dirty, broken, and shell-less eggs were not affected by the BW of the pul-
lets at hatching . In summary, small eggs (>47 g) laid by young, healthy 
laying breeders, can be used successfully to produce high quality pullets .

Key Words: egg breeder, egg weight, hen

446P   Comparative analysis and characterization of proteins 
associated with fat accretion in broiler chickens and guinea fowl. 
Boniface Kimathi*, Fur-Chi Chen, Xiaofei Wang, and Samuel N . 
Nahashon, College of Agricultural, Human and Natural Sciences, Ten-
nessee State University, Nashville, TN.

Selection for rapid growth rate has resulted in excess fat deposition 
in broiler chickens, which is a liability to producers, processors, and 
consumers alike . Thus understanding the mechanisms surrounding 
excessive fat deposition in broilers is of great interest to the poultry 
industry and consumers . The adipose tissue proteome of broiler chick-
ens and guinea fowl was evaluated using 2-dimensional differential gel 
electrophoresis (2D-DIGE) followed by in-gel digestion and matrix-
assisted laser desorption/ionization Time-of-Flight (MALDI- TOF) 
mass spectrometry. The assays revealed proteins that were significantly 
up and downregulated in lean and fat broilers . These proteins include 
APOA1, vimentin, anexin, DSTN and fatty acid binding factor . While 
their functions are not very clear, these proteins may be involved directly 
or indirectly in fat metabolism and transport . The objective of this study 
was to characterize adipose APOA1 and DSTN in broiler chickens and 
guinea fowl. The presence of the proteins was confirmed using Western 
blot . Q-PCR assays were carried out on the adipose tissue of selected 
lean and fat birds to compare the expression of target proteins in both 
chickens and guinea fowl . APOA1 was downregulated in fat compared 
with lean chickens . In guinea fowl APOA1 was highly expressed in 
adipose tissue of fat than lean birds . DSTN was found to be highly 
expressed in adipose tissue of fat than lean chicken and guinea fowl . 
The expression of APOA1 and DSTN was also confirmed in the liver, 
intestine and pancreas of chicken. Here we report, for the first time, the 
expression of APOA1 and DSTN in the adipose, liver, intestines and 
pancreas of guinea fowl . Sequencing of the guinea fowl DSTN was 
performed using the amino acid sequence data . Here we also report, for 
the first time, a partial 11-amino acid DSTN sequence YALYDASFETK. 
Multiple sequence alignment of the partial guinea fowl DSTN sequence 
revealed 100% homology with mammalian, avian, and reptilian DSTN 
sequences (UniProt database) .

Key Words: poultry, fatness, broiler, guinea fowl

447P   Effects of dietary dry brewer’s grain on growth perfor-
mance and the development of gastrointestinal tract of JianChang 
ducks from 31 to 59 days of age. Yanru Wang, Qiufeng Zeng*, Keying 
Zhang, Xuemei Ding, Shiping Bai, Yuheng Luo, Jianping Wang, Yue 
Xuan, and Zhuowei Su, Institute of Animal Nutrition, Key Laboratory 
for Animal Disease Resistance Nutrition of the Ministry of Education, 
Sichuan Agricultural University, Ya’an, Sichuan, China.

JianChang duck is a lock duck which has a relative lower growth rate 
and high quality meat compared with modern meat duck . It is popular in 
Sichuan province of China . The objective of this study was to determine 
the effect of graded of dietary dry brewer’s gain on growth performance 
and the development of intestinal in JiangChang Ducks from 31 to 59 
d of age . A total of four hundred twenty 31-d-old ducks, which had ad 
libitum access to water and the same pelleted commercial feed (ME 
= 2850 kcal/kg, CP = 19 .5%) from 1 to 30d, were randomly allocated 
to 5 treatments with 6 pens/treatment and 14 ducks/pen . The 5 experi-
mental diets were formulated in such a way that 0% (a corn-soybean 
meal basal diet), 15%, 30%, 45% and 60% dry brewer’s gain replaced 
the corn of the basal diet . Five isonitrogenous and isocaloric diets were 
formulated on a digestible amino acid basis . The ANOVA, linear and 
quadratic effects of dietary dry brewer’s gain levels on performance 
and the development of gastrointestinal tract were assessed by GLM 
procedure of SAS software . Dietary dry brewer’s grain linearly (P < 



147Poult . Sci . 94 (E-Suppl . 1)

0 .01) and quadratically (P < 0 .01) decreased body weight (d 59), daily 
weight gain, and increased (P < 0 .05) feed-to-gain ratio, which ducks 
fed on diet with 15% dry brewer’s gain had the highest final body weight 
and daily weight gain .The optimal amount of dry brewer’s gain in diet 
were 17 .4% (R2 = 0 .7565) and16 .1% (R2 = 0 .3876)based on daily weight 
gain and feed to gain ratio, respectively by quadratic regression . The 
relative length, weight and capacity of the duodenum, the relative length 
and capacity of ileum, the relative weight of cecum and gizzard linearly 
increased (P < 0 .05) with increasing of dietary dry brewer’s grain . This 
result suggested that 15–17 .4% dry brewer’s gain in diet of JianChang 
duck is benefit for growth performance.

Key Words: dry brewer’s gain, growth performance, gastrointestinal 
tract, JianChang duck

448P   Performance and carcass yield in different strains and 
sexes of broiler chickens from 1 to 56 days of age. D . E . Faria*, 
L . F . Demuner, D . Suckeveris, A . R . M . Caniatto, J . A . Munõz, V . C . 
Caetano, and D . E . F . Filho, Faculty of Animal Science and Food Engi-
neering, Pirassununga, Sao Paulo, Brazil.

This study was conducted to evaluate the performance and carcass yield 
of broilers from 1 to 56 d of age . Eighteen hundred chicks in a random-
ized block design (poultry house with 2 rooms) with the treatments in 
a 3 × 2 factorial scheme: Strain (Cobb 500, Ross 308 and Hubbard 
Flex) and sex (male and female) with 6 replicates of 50 birds each were 
used . Experimental diets were formulated according to Rostagno et al . 
(2011) . Weekly, were evaluated the performance characteristics: feed 
intake, body weight, weight gain, feed conversion (FC), viability (V), 
productive efficiency index (PEI); 3 to 4 birds were slaughtered (24 h 
of fasting) according to the average weight of each pen to evaluate the 
weight (g) and yields (%) of carcass and commercial cuts: breast, thigh, 
drumstick, wing, and head/neck/feet . Data were submitted to ANOVA 
and means were compared using Tukey test at 5% probability . There 
were no effects of blocks . Cobb 500 showed (P < 0 .05) the lower FC 
results, and Ross 308 had higher averages (P < 0 .05) for other perfor-
mance characteristics, however, there were no effect (P > 0 .05) for V 
and PEI in the factor Strain . Cobb 500 showed breast (%) higher (P < 
0 .05) than other strains, and Hubbard Flex showed effect (P < 0 .05) for 
other characteristics of carcass yield . There was no effect (P < 0 .05) of 
studied factors on carcass weight (g) and drumstick (g and %) . There 
was an interaction (P < 0 .05) between strain and sex for breast (g) with 
higher average for Cobb 500 male . For factor sex, males showed higher 
results for all observed carcass characteristics than females, except for 
breast . In conclusion, there are differences for performance and carcass 
yield among strains and sexes indicating the necessity for constant 
evaluation and studies on commercial available strains .

Key Words: avian, breast yield, commercial cuts, feed conversion

449P   Use of USP glycerin during an early energy restriction 
in broilers reared at high altitude. Y . Avellaneda*1, G . Afanador2, 
C . Ariza-Nieto1, and J . Hernandez2, 1Corpoica, Mosquera Colombia, 
2Universidad Nacional de Colombia, Bogota Colombia.

The purpose of this study was to evaluate the effect of the inclusion 
of USP glycerin during early feed restriction of broilers reared at high 
altitude on the productive performance . Starter diets (5–21 d) were 
used with 0, 2 .5, 5 .0, or 7 .5% USP glycerin and 2 concentrations of 
non-caloric nutrients to restrict 85% of energy intake . The bioassay 
was conducted in pens on floor, using 52 Ross chickens per pen with 
3 replicates until d 21 and 6 replicates until d 42 . Three broilers were 
individually identified to measure their rectal temperature daily until d 

21 of age . Body weight and feed consumption were recorded weekly and 
used to calculate feed conversion . At d 42, 2 birds from each replicate 
were killed and fractionated to determine carcass yield, their hearts were 
preserved in formalin to calculate cardiac index . The information was 
analyzed as a factorial design 4 × 2, using the SAS statistical package, 
version 9 .0 . The inclusion of USP glycerin in starter diets, increased 
linearly the time that broilers stabilize their body temperature (P < 0 .05) . 
During the fattening period (22–42 d) restricted broilers consumed 2 
g/d less feed (P < 0.05), which prevented to reach the final body weight 
of birds fed ad libitum . On the other hand, broilers that received 2 .5% 
USP glycerin during the initial period, recorded a lower feed conversion 
(P < 0 .05) compared with control and 7 .5% glycerol groups, the latter 
group recorded 4 .3% less mortality than the control . The inclusion of 
2 .5% glycerin tended to increase the percentage of breast (P < 0 .1), 
while feed restriction produce carcass with more abdominal fat (1 .51% 
in restricted groups compared with 1 .22% in ad libitum groups) . The 
cardiac index of restricted chickens (0 .23) was lower than chickens 
fed ad libitum (0 .26; P < 0 .05) . Broilers fed 5 and 7 .5% USP glycerin 
during the initiation phase showed a greater partial income than other 
experimental groups . The inclusion of USP glycerin during feed restric-
tion does not improve productive performance of broilers, but improves 
the profitability.

Key Words: glycerin, restriction, performance, altitude

450P   The effect of added l-arginine on the severity of woody 
breast and white striping in male broilers. Karen Christensen*, 
Casey Owens, and Michael Kidd, University of Arkansas, Fayetteville, 
AR.

A new muscle myopathy has been termed “woody breast” (WB) . This 
myopathy has caused economic losses to the processors as well as quality 
complaints from customers and consumers . The welfare implications of 
this myopathy have yet to be determined . The pectoralis major muscle 
on the affected birds is hard, can contain a ridge on the caudal edge of 
the muscle, and may exhibit hemorrhages . The myopathy has been seen 
in primarily older male broilers from high breast-yielding genetic lines . 
White striping (WS) is another muscle myopathy observed in recent 
years where white striations parallel to muscle fibers are observed. This 
condition is often observed in conjunction with WB but the relationship 
is not well understood to date however both conditions appear to be 
growth rate related . A trial was conducted to evaluate the inclusion of 
arginine in the diet on the incidence of WB and white striping (WS) in 
male broilers . Sihvo, et al . (2013) reported that WB appears to have his-
tological properties that suggest a hypoxic-reperfusion injury . Arginine 
has been reported to act as a vasodilator and may improve blood flow to 
the breast muscle and reduce the incidence of WB and WS . Arginine may 
also contribute to nitrous oxide availability and reduce oxidative stress 
damage . Two hundred eighty-eight male Cobb × Cobb 500 chicks were 
randomly assigned to two diets . The diets were formulated to contain 
0 .95 or 1 .25 Arg/Lys on a digestible amino acid basis . Body weight 
and feed conversion were determined at 12 days . At 53 days, the birds 
were weighed, processed, and scored for the severity of WB and WS . 
The l-arginine reduced feed conversion (P ≤ 0.05) at d 12, but there 
were no differences (P > 0.05) in final weight or feed conversion. At 
processing, WB and WS lesions were present; however, the incidence 
of severe WB was low in both the control and L-Arginine treatments . 
There was no difference (P > 0 .05) in the mean score of WB or WS in 
the diets containing l-arginine . Results suggest that the dietary effects of 
l-arginine did not impact the severity of WB or WS in rapidly growing, 
high yielding male broilers at 53-days of age .

Key Words: Woody Breast, White Striping, Myopathy
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451P   Annatto oil extract added to broiler diets supplemented 
with fresh or oxidized soybean oil. José Roberto Sartori*1, Fabi-
ana Golin Luiggi1, Tatiane Souza de Santos1, Monica Megumi 
Aoyagi1, Marcia Maria Pereira Sartori3, Ricardo Fasanaro1, Peterson 
Dante Gavasso Pacheco1, Giovanni Silva Prado1, Daniele Martins 
Rodrigues1, and Erika Salgado Politi Braga Saldanha2, 1Faculdade 
de Medicina Veterinária e Zootecnia-UNESP, Botucatu, São Paulo, 
Brazil, 2Agência Paulista de Tecnologia de Agronegócios-APTA, 
Brotas, São Paulo, Brazil, 3Faculdade de Ciências Agrárias-UNESP, 
Botucatu, São Paulo, Brazil.

Different studies cite bixin, a carotenoid present in annatto seeds, as 
an effective antioxidant . The aim of this research was to evaluate the 
inclusion of the annatto oil extract (AOE; 7% bixin) in broiler diets 
with fresh or oxidized degummed soybean oil (DSO), and its effects on 
performance, carcass and cuts yield and abdominal fat . An experiment 
was conducted with 1,000 male Ross 308 broilers with one day of age . 
The experimental design was completely randomized as a factorial 3 
× 2 + 2 with 8 treatments and 5 replicates (25 birds each) . Treatments 
consisted of: T1 = basal diet (BD) + fresh DSO; T2 = BD + oxidized 
DSO; T3 = BD + 0 .05% of AOE and fresh DSO; T4 = BD + 0 .05% of 
AOE and oxidized DSO; T5 = BD + 0 .10% of AOE and fresh DSO; 
T6 = BD + 0 .10% of AOE and oxidized DSO; T7 = BD + fresh DSO+ 
BHT (control 1) and T8 = BD + oxidized DSO + BHT (control 2) . To 
evaluate the performance were analyzed the weight, weight gain, feed 
intake, feed conversion ratio, viability at 7, 21, 35 and 42 d of age and 
productive efficiency index at 42 d-old. To evaluate the carcass, cuts 
yield and abdominal fat yield, 5 broilers per box (25/treatment) were 
slaughtered at 42 d-old . Data were analyzed by ANOVA, complemented 
by Tukey test (α = 5%). To compare the means of the controls with 
the factorial the Dunnett test (α = 5%) was used. After 21 d of age, an 
improvement in feed conversion ratio was observed whit the inclusion 
of AOE in broiler diets . Treatments with oxidized soybean oil showed 
worst values of feed conversion ratio after 35 d of age . There was no 
treatment effect for the other performance variables . Carcass and breast 
yield were also not affected by treatments . It was observed that the inclu-
sion of AOE or the use of fresh soybean oil resulted in a reduction in the 
amount of abdominal fat pad, and this abdominal fat is not desired by 
consumers . In conclusion, addition of AOE in broiler diets formulated 
with fresh or oxidized degummed soybean oil has positive effects in 
broiler performance and reduce the abdominal fat pad . Acknowledg-
ments to FAPESP (Process 2011/23731-5 and 2012/05415-1) .

Key Words: antioxidant, annatto, broilers, meat quality, performance

452P   Incidence of mycotoxins and the relationships between 
them and with its nutrient profile in Spanish market corns. Blanca 
González1, Jaume Coma1, Jordi Bonet1, and Pedro Medel*2, 1Grupo Vall 
Companys, Lleida, Spain, 2Imasde Agroalimentaria, S.L., Madrid, Spain.

An experiment was conducted to evaluate the incidence of mycotoxins 
(M) and the relationships between them and with its nutrient profile in 
Spanish market corns . A total of 137 corn samples from different origins 
(Brazil, Bulgaria, Spain, East Europe, France, Turkey, and Ukraine) 
during 2014 were analyzed for (1) zearalenone (ZEA), deoxynivalenol 
(DON), fumonisins (FUM), aflatoxin B1 (AFB1) and ochratoxin A (OA) 
through RIDASCREEN tests; (2) relative humidity (RH, 934 .01), crude 
protein (990 .03), ether extract (920 .39) and starch (979 .10) following 
AOAC standards; and (3) particles <3 .5 mm and broken grains . Data 
were analyzed by GLM procedure of SPSS for quarters (Q), and regres-
sion analysis were done to analyze the relationships between different 
types of M, and between M and nutrients . Q2 corns showed the high-
est levels of ZEA and DON, but Q did not affect other M . Except for 

ZEA-DON (DON, ppm = 192 .68 × Loge(ZEA, ppb) + 22 .13, P < 0 .05, 
R2 = 0 .58), the rest of relationships between M were low or very low 
(R2 < 0 .10) . Also, RH partially explained variation on ZEA (ZEA, ppb 
= 1−20 × (RH, %)18 .66) and DON (DON, ppm = 2−06 × e1 .414×(RH, %) . The 
rest of correlations between M and nutrients were also low or very low . 
It is concluded that except for ZEA-DON, the correlations between M 
are low or very low, and that M cannot be precisely predicted through 
nutrients in Spanish market corns .

Key Words: mycotoxin, corn

453P   Withdrawn. 

454P   Chenodeoxycholic acid reduces feed intake and alters the 
expression of the hypothalamic neuropeptides and the hepatic 
lipogenic genes in broiler chickens. Elizabeth S . Greene*1, Eddy 
Decuypere2, Johan Buyse2, and Sami Dridi1, 1Center of Excellence for 
Poultry Science, University of Arkansas, Fayetteville, AR, 2Division of 
Livestock-Nutrition-Quality, KUL, Leuven, Belgium.

Bile acids have been shown to affect feed intake in rodents . This study 
aimed to examine the effect of chenodeoxycholic acid (CDCA) on 
growth performance in broiler chickens and gain further insight into 
the underlying molecular mechanisms . Three week-old broiler chickens 
were weighed, individually placed in cages and adapted for 4 d . They 
were divided in weight- and feed intake-matched groups and subjected 
to 3 diets in a complete randomized block design: standard diet supple-
mented with 0, 0 .2% or 0 .5% CDCA (10 birds/treatment) for 2 weeks . 
Feed intake and BW were recorded daily . Blood samples were collected 
weekly . At the end of the experiment, brain, liver and muscle tissues 
were collected, frozen in liquid nitrogen and stored at −80°C. Relative 
expression of target genes was determined by real-time qPCR . Data were 
analyzed by ANOVA and differences between treatment means were 
evaluated using SNK multiple comparison test . Statements of statistical 
significance were based on P < 0 .05 . CDCA reduced cumulative feed 
intake and BW in a dose-dependent manner . High dose of CDCA sig-
nificantly upregulated the hypothalamic expression of neuropeptide Y 
(NPY), Agouti-related peptide (AgRP), orexin (ORX), orexin receptor 
(ORXR), corticotropin releasing hormone (CRH) and ghrelin, and down-
regulated the expression of suppressor of cytokine signaling 3 (SOCS3) . 
No CDCA doses affected the hypothalamic expression of melanocortin 
receptor (MCR1, 4, 5) or C-reactive protein (CRP) . Interestingly, high 
dose of CDCA downregulated the hepatic expression of lipogenic genes 
including acetyl-CoA carboxylase α (ACCα), ATP citrate lyase, malic 
enzyme, fatty acid synthase (FAS), stearoyl Co-A desaturase 1 (SCD1) 
and transcription factors SREBP-1, 2 and SREBP cleavage activation 
protein (SCAP) . CDCA also downregulated the hepatic expression of 
FXR, LXR, visfatin, adiponectin and adiponectin receptors (AdipR1 and 
2) . In summary, CDCA modulates broiler growth performance, likely 
through alteration of feeding-related hypothalamic neuropeptides and 
intermediary metabolic-related genes .

Key Words: chenodeoxycholic acid, neuropeptide, hepatic lipogenesis, 
gene expression

455P   Effect of glycosaminoglycans and vitamin C injected 
during incubation on the absolute and relative weight of liver in 
broiler chicks. E . T . Santos*, D . M . C . Castiblanco, L . L . Borges, 
C . H . de F . Domingues, T . C . O . Quadros, S . Sgavioli, G . M . de A . 
R . Garcia, T . G . Petrolli, N . V . B . Fonseca, D . L . Goulart, S . M . B . 
Artoni, and T . G . Petroli, FCAV UNESP, Unesp, Jaboticabal, São 
Paulo, Brazil.
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The injection of nutrients into eggs can improve the incubation process 
and the chick quality . The liver is an organ of extreme importance for 
body metabolism . Its various functions are as fundamental as storage 
of carbohydrates, fats, vitamins, and production of blood cells in the 
embryo . Because of the liver’s importance, the aim of the study was 
to determine the its absolute and relative weight in broiler chicks that 
received a supplemental injection composed of glycosaminoglycans 
and vitamin C on the fourth day of incubation . Four hundred ninety 
fertile, broiler eggs (Cobb) from 43-week-old breeder hens were used . 
The eggs were 65 .78 ± 1 .16 g each . The experimental design was com-
pletely randomized with 5 treatments (non-injected eggs; eggs injected 
with milli-Q water; eggs injected with glycosaminoglycans and vitamin 
C at percentages of 2%, 4%, and 6%, diluted with 100 ul of milli-Q 
water), distributed in a single-stage, vertical CASP incubator, with 14 
repetitions and 98 eggs per treatment . Each 100 g of the supplement 
were composed of the following: 30,000 mg of chondroitin sulfate, 
30,000 mg of glucosamine, 5,000 mg of vitamin C, and vehicle q .s 
100 g . The supplement was injected into the albumen, approximately 
6 mm below the eggshell on the fourth day of incubation . The injec-
tion site was then covered with a label identifying the treatment and 
repetition . Statistical analyses were performed using the SAS (2002) 
program with the averages compared by Tukey test at 5% probability . 
There was no significant difference (P < 0 .05) in the absolute weight 
and relative weight of the liver after hatching . The relative and absolute 
weight averages for the liver found in this study were 0 .98 g and 2 .05 
g, respectively . This demonstrates that supplementation with glycos-
aminoglycans and vitamin C does not interfere with the liver weight . 
Therefore, the intra-egg injection of glycosaminoglycans and vitamin 
C supplement had no effect on the absolute and relative liver weight in 
the chicks in the study .

Key Words: ascorbic acid, chondroitin, nutrition in ovo

456P   Lipidomic analysis of broiler hatching eggs reveals a dis-
tinct signature for breeder hen age. Gita Cherian*, Oregon State 
University, Corvallis, OR.

During incubation egg fat is the major source of energy and sole source 
of essential fatty acids to the chick embryo . In the current study, electro-
spray ionization mass spectrometry (ESI-MS) is used in quantification 
and mapping of lipid molecular species in hatching eggs collected at 
2 different hen ages . Lipids were extracted from eggs (n = 24) (Cobb) 
collected at < 32 (early) or > 45 (late) weeks of hen age and were 
subjected to ESI-MS . As the hens aged, egg and yolk weight increased 
significantly (P < 0 .05) . Early eggs contained 7 .5% lesser fat than late 
eggs (P < 0 .05) . A 2-fold increase in phosphatidylcholine (PC) and 
phosphatidylethanolamine (PE) was observed in late eggs (P < 0 .05) . 
Mapping of the phospholipid species revealed that 34:1, 34:2, 36:1, 
36:2 and 38:4 constituted > 75% in PC . The dominant docosahexae-
noic acid-containing molecular species in PE and PC of early and late 
eggs were 38:6 and 40:6 and were 1 .5–2-fold higher in late than early 
eggs (P < 0 .05) . The most abundant arachinoid species in PE and PC 
was 38:4 and was higher in late than early eggs (P < 0 .05) . Early eggs 
contained higher 16:0, 18:1 and 18:2 than late eggs in tri and diacylg-
lycerol (P < 0 .05) . Clustering the data through heat maps revealed that 
egg phospholipid species are more sensitive than triacylglycerol to hen 
age . These results demonstrate that hen age alters egg “lipid signature” 
causing a remodeling in fatty acid molecular species in the different 
lipid classes . Considering the role of egg fatty acids in embryo growth 
and eicosanoid metabolism, mapping the lipid profile may provide a 
better understanding of pre-hatch lipid metabolism as affected by hen 
age. This may prove to be beneficial in tackling problems related to 
hatchability and first week mortality in broiler chicks.

Key Words: egg, lipid, molecular species, polyunsaturated fatty acid

457P   Influence of glycerin and lecithin inclusion in the diet 
on liver characteristics and lipid fraction in the serum of brown-
egg laying hens at 55 week of age. H . A . Mandalawi1, M . Redón2, 
J . García3, D . Menoyo1, and G . G . Mateos*1, 1Producción Agraria, 
Universidad Politécnica de Madrid, Madrid, Spain, 2Lasenor Emul S. 
L., Olesa de Montserrat, Barcelona, Spain, 3Camar Agroalimentaria 
S. L., Toledo, Spain.

The effects of the inclusion of raw glycerin (GLYC) and raw lecithin, 
in the diet (23 to 55 wk) on liver characteristics and various serum lipid 
fractions were studied in brown egg-laying hens at 55 wk of age . The 
control diets were based on corn, soybean meal, and 4% supplemental 
fat and contained 2,750 kcal AMEn/kg, 16 .5% CP, and 0 .73% digestible 
Lys . The diets were arranged as a 2 × 3 factorial with 2 levels of GLYC 
(0 and 7%) and 3 animal fat to lecithin ratios (4:0, 2:2, and 0:4%) . Each 
treatment was replicated 8 times and the experimental unit was a cage 
with 10 hens . At 55 wk of age, 2 hens per cage replicate were randomly 
selected, weighed individually, and slaughtered by CO2 inhalation . 
Liver was immediately removed and weighed and the color recorded 
by spectrophotometry . In addition, blood samples from one bird per 
replicate were collected from the wing vein and the concentration of 
total cholesterol, low and high density lipoprotein cholesterol, and 
triglycerides were determined . The data were analyzed as a completely 
randomized design and the main effects of GLYC and lecithin content of 
the diet and the interactions were determined . No interactions between 
GLYC and lecithin content of the diets were detected for any of the 
variables studied . Liver characteristics and serum lipid traits were 
not affected by the inclusion of GLYC in the diet . The substitution of 
animal fat by lecithin, however, reduced the redness (a* 14 .9 to 13 .8) 
and yellowness (b* 8 .60 to 7 .20) values of the liver (P < 0 .05) but did 
not affect the content of serum lipid fractions . It is concluded that the 
inclusion of GLYC and lecithin in the diet did not affect liver size or 
serum lipid fraction . However, the inclusion of lecithin reduced the a* 
and b* value of the liver .

Key Words: glycerol, laying hen, lecithin, liver, serum

458P   Effect of dietary sunflower hulls on nutrient digestibility, 
ileal morphology, and volatile fatty acid concentration in broilers 
and pullets fed a pullet diet from 1 to 21 days of age. M . V . Kimi-
aeitalab1, L . Cámara1, M . D . Carro1, E . Jiménez-Moreno2, S . Mirzaie 
Goudarzi3, and G . G . Mateos*1, 1Producción Agraria, Universidad 
Politécnica de Madrid, Madrid, Spain, 2Cargill Animal Nutrition, 
Zaragoza, Spain, 3Department of Animal Science, Buali Sina Univer-
sity, Hamedan, Iran.

The effects of including 3% sunflower hulls (SFH) in the diet on perfor-
mance, TTAR of nutrients, ileal mucosa morphology, and volatile fatty 
acid (VFA) concentration in the ceca were studied in birds from 1 to 
21 d of age . There were 4 treatments organized as 2 × 2 factorial with 2 
chicken lines (broilers vs . pullets) and 2 levels of SFH (0 vs . 3%) . Each 
treatment was replicated 7 times (10 birds) . The wheat-soybean meal 
control diet contained 2,900 kcal AMEn/kg, 0 .96% digestible Lys, and 
10 .8% NDF . In the experimental diet, SFH was included at the expense 
(wt:wt) of the control diet . Diets were offered in mash form . No interac-
tions between main effects were detected for any trait . ADFI, ADG, and 
feed conversion ratio (FCR) were better (P < 0 .001) in broilers than in 
pullets . At 7 d of age SFH improved ADG (P < 0 .05) and ADFI (P < 
0 .001) but did not affect FCR . The TTAR of DM, OM, and N was higher 
(P < 0 .001) at 7 d and that of gross energy and the AMEn of the diet were 
higher at 7 and 21 d (P < 0 .01) in broilers than in pullets . At 21 d, SFH 
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inclusion improved (P < 0 .05) TTAR of all nutrients and the AMEn of 
the diet . Compared with pullets, broilers had greater (P < 0 .05) villus 
height, crypt depth, and total VFA concentration per g of fresh digesta 
with higher proportion of butyrate and lower of acetate . In conclusion, 
broilers fed a pullet diet grew faster, had better TTAR of nutrients, and 
higher concentration of VFA than pullets . Villus structure of the broil-
ers was better adapted for nutrient absorption than that of pullets . The 
inclusion of SFH increased TTAR of nutrients and AMEn of the diet and 
improved growth performance of birds from 1 to 7 d but not thereafter .

Key Words: growth performance, pullet, sunflower hulls, volatile 
fatty acid

459P   Establishing the ideal amino acid ratio for broilers based 
on deletion method. Juliano Cesar de Paula Dorigam, Nilva Kazue 
Sakomura*, Edney Pereira da Silva, Letícia Soares, Nayara Tavares 
Ferreira, and João Batista Kochenborger Fernandes, Universidade 
Estadual Paulista -UNESP/FCAV, Jaboticabal, São Paulo, Brazil.

The ideal protein concept is widely accepted in poultry feed formulation, 
but the ideal amino acid ratio (IAAR) need to be constantly evaluated 
due to the changes in the amino acid requirements (AAr) that may arise 
from genetic improvement or certain physiological conditions . Since 
the deletion method is a simple and faster procedure, it can be used 
to re-evaluate the IAAR for poultry in a single trial . Thus, a series of 
3 nitrogen balance trials were conducted to re-evaluate the IAAR for 
broilers by deletion method . Seventy-two male broilers (Cobb500) were 
housed individually in cages for each trial (6–21, 22–37 and 38–53 d) . 
For assessing the effects of AA deletion on nitrogen deposition (ND), 
a balanced diet (BD) was formulated based on the IAAR proposed by 
Rostagno et al . (2011) and 11 other diets with 30% deletions of a single 
AA . The AA content in BD (AABD) was diluted with corn starch to 
achieve 70% of the former AA supply and refilled with crystalline AAs, 
except the AA under test (AAtest) . The feeding period lasted 15 d . Two 
birds of each replicate were slaughtered at the beginning of the trial and 
all remaining birds at the end of the trial . Whole body nitrogen content 
and the AA content in the diets were analyzed . Nitrogen deposition was 
determined by the difference between the body nitrogen content in the 
initial and final groups of birds. The AAr was calculated by the equa-
tion: AAr = AABD × [2−DEL−(NDtest/NDBD)], were DEL is the deletion 
rate (AAtest/AABD = 0 .70), NDtest and NDBD are nitrogen depositions 
obtained from deficient and BD diets, respectively. The IAAR, the 
requirement calculated for each AA was divided by Lys requirement . 

Therefore, the IAAR for each period were (relative to Lysine = 100): 
Met + Cys 68, 69, 58; Thr 70, 68, 61; Trp 16, 18, 16; Arg 109, 116, 98; 
Ile 48, 69, 66; Leu 119, 130, 118; Gly + Ser 156, 158, 150; His 40, 43, 
39; Phe + Tyr 139, 127, 119; Val 86, 85, 65 . The expectations due to 
single AA deletion on nitrogen deposition were fulfilled and the IAAR 
could be determined, but the variation between the estimates indicates 
that further studies are necessary to improve this approach .

Key Words: amino acid, deletion, nitrogen balance

460P   Determining the lysine requirement of 7- to 28-day-old 
Bobwhite quail. Ariel N . Bergeron*, Jose W . Charal, and Theresia A . 
Lavergne, LSU Agricultural Center.

Two experiments were conducted to determine the lysine requirement of 
7 to 28 d old Bobwhite quail . In experiment 1, three hundred Bobwhite 
quail were used . On d 7, post-hatch, quail were allotted and placed on 
1 of 5 treatment diets with 6 replications and 10 quail per replicate . The 
treatment diets contained 1 .53, 1 .63, 1 .73, 1 .83, or 1 .93% lysine . Feed 
and water were provided ad libitum . The experiment was conducted 
for a total of 14 d . Quail were weighed at initiation of the experiment 
(d 7 of age), on d 14 of age, and at the termination of the experiment (d 
21 of age) to determine body weight (BW), average daily gain (ADG), 
average daily feed intake (ADFI), and feed efficiency (GF). There were 
no differences (P > 0 .05) in BW, ADG, ADFI, or GF for quail fed the 
various lysine levels . In experiment 2, 125 Bobwhite quail were used . 
On d 14 post-hatch, quail were allotted and placed on one of 5 treat-
ments with 5 replications of 5 quail per replicate . The treatment diets 
contained 1 .33%, 1 .53%, 1 .73%, 1 .93% or 2 .13% lysine . Feed and 
water were provided ad libitum . The experiment was conducted for a 
total of 14 d . Quail were weighed at initiation of the experiment (d 14 
of age), on d 21 of age, and at the termination of the experiment (d 28 
of age) to determine BW, ADG, ADFI, and GF . Initial BW was used as 
a covariate for data analysis . From 14 to 21 d of age, quail fed 1 .33% 
lysine had a lower (P < 0 .01) BW than quail fed any other level of lysine . 
GF was improved in quail fed 1 .93% lysine compared with quail fed 
1.53% lysine from 14 to 21 d of age. There were no other significant 
effects of lysine level on growth performance . These results indicate 
that 1.33% lysine may be deficient for optimum growth performance, 
but additional research is needed to determine the lysine requirement 
of 7 to 28 d old quail .

Key Words: Bobwhite quail, lysine, average daily gain, average daily 
feed intake, feed efficiency
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461P   Withdrawn. 

462P   Withdrawn. 

463P   Measurement of true ileal calcium digestibility in meat 
and bone meal for broiler chickens using the direct method. 
Muhammad N . Anawr1, Velmurugu Ravindran*1, Patrick C . Morel1, 
Ganesharanee Ravindran1, and Aaron J . Cowieson2, 1Massey Univer-
sity, Palmerston North, New Zealand, 2University of Sydney, Camden, 
NSW, Australia.

The objective of this study was to determine the true ileal calcium 
(Ca) digestibility in meat and bone meal (MBM) for broiler chickens 
using direct method . Four MBM samples (coded as MBM-1, MBM-2, 
MBM-3, and MBM-4) were obtained and analyzed for nutrient com-
position, particle size distribution and bone to soft tissue ratio . The Ca 
concentrations of MBM-1, MBM-2, MBM-3, and MBM-4 were deter-
mined to be 71, 118, 114, and 81 g/kg, respectively . The corresponding 
geometric mean particle diameters and bone to soft tissue ratios were 
0 .866, 0 .622, 0 .875 and 0 .781 mm, and 1:1 .49, 1:0 .98, 1:0 .92 and 1:1 .35, 
respectively . Five experimental diets, including a Ca and phosphorus-
free diet and 4 diets with similar Ca concentration (8 .3 g/kg) from each 
MBM sample, were developed . Meat and bone meal was the sole source 
of Ca in the diets . Titanium dioxide (3 g/kg) was incorporated in all diets 
as an indigestible marker . Each experimental diet was then randomly 
allotted to 6 replicate cages (8 birds per cage) and offered from d 20 to 23 
post-hatch . Apparent ileal Ca digestibility was calculated by the indicator 
method and corrected for ileal endogenous Ca losses to determine the 
true ileal Ca digestibility . Ileal endogenous Ca losses were determined to 
be 88 mg/kg dry matter intake. True ileal Ca digestibility coefficients of 
MBM-1, MBM-2, MBM-3, and MBM-4 were determined to be 0 .560, 
0 .488, 0 .517, and 0 .413, respectively . True Ca digestibility of MBM-1 
was significantly higher (P < 0 .05) than MBM-2 and MBM-4 but similar 
(P > 0 .05) to MBM-3 . True Ca digestibility of MBM-2 was similar (P 
> 0.05) to MBM-3 and MBM-4, while of MBM-3 was significantly 
higher (P < 0 .05) than MBM-4 . These results demonstrate that Ca in 
MBM is not highly available as it often assumed . The variability in true 
Ca digestibility of MBM samples could not be attributed to Ca content, 
percentage bones or particle size .

Key Words: meat and bone meal, calcium, digestibility, broiler

464P   Bioavailability of a zinc butyric acid complex in a broiler 
chick model as measured by tibia bone zinc content. Kyle D . 
Brown*1, Jon Rubach2, Dave Sanders2, Mitch Poss2, Rocky E . 
Latham1, and Jason T . Lee1, 1Texas A&M Agrilife Research, College 
Station, TX, 2Kemin Animal Nutrition and Health, Des Moines, IA.

This study was conducted to ascertain the relative bioavailability of a 
zinc (Zn) butyric acid complex relative to zinc sulfate using tibia zinc 
as the response criteria . The effect of the complex on growth and bone 
deposition was determined in Cobb 500 broiler chicks that were fed 
a semi-purified diet containing soy protein concentrate, dextrose, and 
corn starch (24 mg/kg of background Zn) . Eleven replicate groups of 8 
chicks were permitted access to the experimental diets from 0 through 
21 d of age in a battery trial . The control diet was supplemented with 
zinc butyric acid complex or zinc sulfate at 4, 8, 12, or 16 mg/kg . 
Parameters evaluated were feed consumption, body weight, mortality-
corrected feed conversion ratio and tibia zinc concentration . The data 

were analyzed via ANOVA using the GLM procedures in SPSS and with 
the linear regression functions of JMP . With the increasing Zn doses in 
the supplemented diets, linear increases in feed consumption and body 
weight were observed although no consistent dose-dependent improve-
ments were observed in the mortality corrected feed conversion ratio . 
Using zinc deposition in bone as the response measurement, consistent 
dose-dependent increases were observed in tibia zinc concentration for 
both diets . From the tibia zinc slope-ratio calculation, it was determined 
the zinc ion in the zinc butyric acid complex (slope = 12 .6 ± 0 .6, R2 = 
0 .90) was 33 ± 9% more bioavailable than the zinc ion in zinc sulfate 
(slope = 9 .4 ± 0 .7, R2 = 0 .77) .

Key Words: bioavailability, zinc, butyric acid, zinc sulfate, slope-ratio

465P   Performance, carcass yield, and excretion of broilers fed 
with organic trace minerals in winter season. D . E . Faria*, A . R . M . 
Caniatto, V . S . Nakagi, L . F . Demuner, and B . H . C . Pacheco, Faculty 
of Animal Sciences and Food Engineering, Pirassununga, SP, Brazil.

The purpose of this study was to evaluate the use of organic minerals as 
copper (Cu), iron (Fe), manganese (Mn), selenium (Se), and zinc (Zn) 
in the diet on performance and carcass yield of broilers raised in the 
winter season (June to August), with environmental temperature average 
of 17 .26°C, and air relative humidity of 78 .32% . 1,080 Cobb-500 male 
chicks were used in a completely randomized design with 6 treatments 
and 6 replicates of 30 birds each from 1 to 42 d of age . The treatments 
were: (CON INORG) control with inorganic minerals Cu, Fe, Mn, Se, 
and Zn, according to Rostagno et al . (2011); (ORG MIN) organic min-
erals; (RED 1/3) reduction of 1/3 from T2; (RED 2/3) reduction of 2/3 
from T2; (INCR 1/3) increase of 1/3 from T2; and (INCR 2/3) increase 
of 2/3 from T2 . Performance characteristics evaluated were feed intake 
(FI), weight gain (WG), body weight (BW), feed conversion (FC) and 
productive efficiency index (PEI). At 42 d, 20% of the flock were selected 
for evaluation of carcass yield and commercial cuts: wing, breast, thigh 
and drumstick . The excretion was measured by total collection during 
the period from 33 to 36 d of age . Data were analyzed by ANOVA, using 
the PROC GLM by SAS . The comparison among organic treatments was 
done by regression and between the sources of minerals (organic and 
inorganic) made by contrast . There were no statistical differences (P > 
0 .05) among the treatments for performance and carcass characteristics . 
Regarding excretion characteristics, only the Fe decreased by 13 .5% in 
organic form, and for other minerals, inorganic source showed lower 
excretion values, unexpectedly. There was a significant difference (P < 
0 .05) for Se and Zn, in which the excretion was linearly positive with 
increasing inclusion of organic minerals . In conclusion, the sources of 
minerals (organic and inorganic) and levels of organic trace minerals 
showed similar effects on performance and carcass yield . Unexpectedly, 
not all organic minerals effectively cooperate in reducing the excretion, 
at least in this study .

Key Words: bird, feed intake, microelement, mineral availability, 
nutrition

466P   Influence of dietary CP and P levels on ileal digestion 
and total-tract retention of P in broiler chickens. Pengcheng Xue*, 
Kolapo Ajuwon, and Olayiwola Adeola, Departments of Animal Sci-
ences, Purdue University, West Lafayette, IN.

A study was conducted to investigate the effect of dietary CP and P levels 
on ileal and total-tract phosphorus (P) absorption in broiler chickens . A 
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total of 384 male broiler chickens (14-d old) were used in a randomized 
complete block design comprising of 8 treatments in 6 replicates and 
a 7-d experimental period . All dietary treatments were formulated on 
corn-soybean meal based diets in a 2 × 4 factorial arrangement with 2 CP 
levels (10 .7 or 21 .5%) and 4 apparent total-tract digestible P (ATTDP) 
levels (0 .18, 0 .32, 0 .45, or 0 .59%) . Soybean meal and mono-calcium 
phosphate were used to adjust the CP and ATTDP levels, respectively . 
Limestone was included in diets to maintain the Ca: ATTDP ratio across 
treatments . Excreta samples were collected on d 5 and d 6 . At the end of 
experiment, BW was recorded and digesta samples from the distal 2-third 
of the ileum was collected . Ileal digesta samples were lyophilized and 
analyzed to calculate ileal P digestibility . Data were analyzed by using 
PROC MIXED procedure of SAS (9 .3) and contrasts were conducted to 
test the linear and quadratic effects of increasing levels of P within each 
CP level . Results showed low dietary CP decreased (P < 0 .01) growth 
performance, ileal digestion and total-tract retention of P, compared 
with high dietary CP . Ileal digestion and total-tract retention of P (g/kg 
of DMI) increased linearly (P < 0 .01) with increasing ATTDP levels 
regardless of dietary CP level . However, there was a trend for quadratic 
response (P = 0 .06) of total-tract P retention to the ATTDP levels in the 
high CP level . In conclusion, this research suggests that P digestion and 
retention could be limited by protein deficiency and thus, dietary CP 
level could affect P absorption .

Key Words: crude protein, digestibility, phosphorus

467P   Effect of incremental levels of dietary zinc (Zn), in layer 
diets, on egg quality and egg Zn content. Katherine Rubio*, Ange-
lina Patton, Jose W . Charal, and Theresia A . Lavergne, LSU Agricul-
tural Center.

Fertile eggs with increased mineral content can have increased hatch-
ability and embryo development . Thus, the aim of this research was to 
evaluate the effect of feeding different zinc (Zn) levels on the content 
of Zn and other minerals in eggs . A total of 64 (48 week of age) com-
mercial hens (Hy-Line W-36) were allotted to 1 of 4 treatment diets on 
d 0 of the experiment . There were 4 replicates with 4 hens per pen . The 
dietary treatments were (1) C-SBM with no ZnSO4 added (25 mg/kg 
total Zn), (2) C-SBM with 75 mg/kg Zn (ZnSO4), (3) C-SBM with 125 
mg/kg Zn (ZnSO4), and (4) C-SBM with 175 mg/kg Zn (ZnSO4) . On d 
26, 27, and 28, the eggs were collected by pen and weighed to determine 
egg mass. At the end of the trial (d 30), eggs were collected, classified 
for size, and 3 large eggs per pen were selected for further analysis . 
Egg specific gravity and albumen height were determined. From those 
eggs, one egg (yolk and albumen) was stored . The other 2 eggs were 
separated and albumen and yolk were stored separately . Albumen and 
yolk mass were determined . For mineral and Zn content, the eggs were 
thawed and mixed . Then, 0 .5 g was acid digested . The solution from the 
digestion was diluted with deionized water for further analysis using ICP 
1 method . Throughout the trial, there was no effect (P > 0 .05) of dietary 
treatment on specific gravity, albumen height and weight, or yolk weight. 
Egg weight was linearly increased by increased dietary Zn (P < 0 .05) . 
Yolk Zn, iron (Fe), and copper (Cu) were affected by dietary treatment 
(P < 0 .05) . Yolk Zn content was quadratically increased by increased 
dietary Zn (P < 0 .05), but the Zn content in white and whole egg was not 
affected (P > 0 .05) . Yolk Fe and calcium (Ca) content were quadratically 
increased with increasing levels of dietary Zn (P < 0 .05) . Yolk Cu and 
boron (Bo) content were linearly decreased with increasing levels of 
dietary Zn (P < 0 .05) . The results indicate that feeding hens more than 
150 ppm dietary Zn reduced egg production and egg mass . Zinc content 
in the egg yolk was increased 23% with 150 ppm added dietary Zn .

Key Words: zinc, egg quality, egg production, minerals, layers

468P   The antimicrobial action of copper in chicken intestines. 
Fatemeh Alemi*1, Vanessa J . Iseri1,2, and Kirk C . Klasing1, 1University 
of California Davis, Davis, CA, 2Kemin Industries Inc., Des Moines, 
IA.

Copper has antimicrobial properties and it is commonly fed at high levels 
to improve health and growth . A greater understanding of its effect on 
pathogenic intestinal microflora is needed. This study examined the 
effect of copper source on: In vitro minimal inhibitory concentration 
(MIC), and the in vivo antimicrobial activity of intestinal contents 
against for E. coli, Clostridia perfringens, Eimeria maxima, Salmo-
nella gallinarum, and Salmonella enteritidis were examined . For the 
in vitro experiment, nutrient agar was supplemented with either CuSO4 
pentahydrate or TBCC-a at 0, 10, 25, 50, 75, 100, 150, 200, 400, or 600 
ppm, pH adjusted to 6 .8, and poured into Petri plates . The bactericidal 
effect of the 2 copper sources was determined by MIC . For the in vivo 
experiment, chicks (4 pens of 3 chicks each) were fed either: o no 
supplemental copper (basal diet), 150 ppm added CuSO4 pentahydrate, 
or 150 ppm added TBCC-a . The basal diet contained 6 .9 ppm copper . 
After 2 weeks, birds were killed and the contents of the upper ileum 
were collected using sterile technique . Bacteria number was analyzed 
by one way ANOVA. There was not a statistically significant effect of 
adding copper to the basal diet on chick gain, intake or efficiency. There 
was a trend for an effect on feed efficiency with TBCC-a giving better 
efficiency than the control (0 copper). In the in vitro experiment, TBCC 
had a lower MIC than CuSO4 against E. coli and C. perfringens . The 
2 sources were similarly effective against S. gallinarum and S. enter-
itidis. Neither source decreased the viability of Eimeria . In undiluted 
ileal contents, TBCC-a decreased E. coli numbers compared with the 
control and CuSO4 . All treatments inhibited C. perfringens, but CuSO4 
was less effective than TBCC-a . When ileal contents were diluted 
1:2, none of the copper sources decreased the levels of any pathogen 
below that of the control . There was a trend for 150 ppm TBCC-a to 
improve the efficiency of feed conversion compared with the control. 
In conclusion, TBCC had a lower MIC than CuSO4 against E. coli and 
C. perfringen. TBCC-a was better at reducing E. coli numbers in ileal 
contents than CuSO4 .

Key Words: copper, chicken, MIC, microflora

469P   Effects of maternal and progeny dietary vitamin premixes 
on the performance of ducklings. Zhouzheng Ren*, Shizhen Jiang, 
Qiufeng Zeng, Xuemei Ding, Shiping Bai, Jianping Wang, Yuheng 
Luo, Zhuowei Su, Yue Xuan, and Keying Zhang, Institute of Animal 
Nutrition, Key Laboratory for Animal Disease-Resistance Nutrition 
of China Ministry of Education, Sichuan Agricultural University, 
Chengdu, Sichuan, China.

Experiments were conducted to examine effects of dietary vitamin 
premix levels on performance of Cherry Valley duck breeders and evalu-
ate the interactions between maternal and progeny vitamin premixes on 
performance of male and female ducklings. At 38 wk of age, 6 floor 
pens of 130 female and 20 male duck breeders were fed either maternal 
Regular or maternal High vitamin premix diet for 16 wk (High vitamin 
premix had higher levels of all vitamins except K3 than Regular vita-
min premix) . Ducklings hatched from eggs laid at the end of the duck 
breeder trial were kept separate according to the maternal treatment and 
fed 2 levels of vitamin premix (progeny Regular and progeny High, 
High vitamin premix had higher levels of all vitamins than Regular 
vitamin premix) for 35 d . Data were analyzed by ANOVA using GLM 
procedures of SPSS 17 .0 . Changes of maternal vitamin premix levels 
resulted in no differences in laying performance, egg quality, egg yolk 
antioxidant status, fertility and hatchability of duck breeders . However, 
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BW and tibia strength of 1-d-old ducklings were enhanced by maternal 
High vitamin premix . Progeny High vitamin premix increased serum 
calcium, liver antioxidant status and growth performance of ducklings . 
Male ducklings showed increased performance when compared with 
females, especially in the starter phase . Interactions between maternal 
vitamin premix and progeny vitamin premix were found on perfor-
mance of ducklings; progeny Regular vitamin premix depressed the 

performance of ducklings from maternal Regular vitamin premix group . 
While maternal vitamin premix showed stronger effect on growth of 
male ducklings than females, progeny vitamin premix revealed more 
effect on 14-d serum calcium of females than males . Our results indicate 
that proper use of vitamin premix, in both maternal and progeny diets, 
is necessary to get optimal performance of ducklings .

Key Words: maternal, progeny, vitamin premix, performance, duckling
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470P   Withdrawn. 

471P   Withdrawn. 

472P   Comparison of two commercially available rapid detec-
tion methods and a conventional culture method to detect natu-
rally occurring salmonellae on broiler carcasses. D . E . Cosby*, N . 
A . Cox, M . E . Berrang, S . L . House, J . G . Frye, and C . R . Jackson, 
USDA, US National Poultry Research Center, Athens, GA.

Many different screening devices and sampling methods have been used 
to detect the presence of naturally occurring Salmonella on commercially 
processed broiler carcasses . The objective of this study was to compare 
2 commercial screening systems (BAX and Roka) to a standard cultural 
procedure used by industry and government laboratories . On each of 5 
replicate sampling days (5 flocks), 8 broiler carcasses were collected after 
chilling from a commercial broiler plant . Each carcass was rinsed with 
400 mL of 1% buffered peptone water (BPW) for 60 s using an automated 
shaking machine . A 30-mL aliquot was removed and incubated at 35°C 
for 24 h . After incubation, pre-determined aliquots of the 30 mL BPW 
were inoculated into the BAX and Roka instruments (according to the 
manufacturer’s protocol); 0 .1 mL and 0 .5 mL aliquots (respectively) were 
also inoculated into tetrathionate (TT (Hajna)) and Rappaport-Vassiliadis 
(RV) broths which were incubated at 42°C for 24 h . Following incubation, 
aliquots from the 2 broths were streaked for isolation onto xylose-lysine-
tergitol 4 and brilliant green sulfa agar plates and incubated at 35°C for 
24 h . One typical Salmonella-like colony from each of the 4 plates was 
selected and screened biochemically and confirmed as Salmonella by 
serological methods. The BAX, which is a PCR amplification system, 
and the Roka, which uses the Atlas System to target the ribosomal RNA, 
both detected the same positive samples as the conventional methodology . 
Four of 40 samples were positive for Salmonella with no false positives 
or false negatives detected from either automated system . Both rapid 
methods tested in this study were equally as effective as the more labori-
ous and time-consuming conventional cultural procedure .

Key Words: Salmonella, detection, broiler, carcasses, methodology

473P   Use of cloacal swabs to detect Salmonella and Campy-
lobacter in young chicks. Beverly L . McLendon1, Nelson A . Cox2, 
Doug E . Cosby*2, Scott M . Russell1, Enrique M . Montiel3, Charles L . 
Hofacre1, and Jeanna L . Wilson1, 1University of Georgia, Athens, GA, 
2USDA, U.S. National Poultry Research Center, Athens, GA, 3Merial-
Select Inc., Gainesville, GA.

The poultry industry needs a reliable, non-destructive method to detect 
the presence of pathogens such as Salmonella and Campylobacter in 
chicks . The objectives of this study were to 1) compare the effectiveness 
of shallow and deep cloacal swabs and 2) determine if freezing the swabs 
adversely affects the reliability of detecting bacteria . Day old chicks 
were orally gavaged with a marker strain of Salmonella Typhimuruim 
(ST) or a marker Campylobacter coli (CC) . Chicks were maintained in 
isolation units on wire floors with ad libitum access to feed and water 
on 24 h light . On d 7 and 14 post challenge, birds were sampled with 2 
cotton swabs, first, a shallow swabbing technique (1 cm) followed by a 
deeper swabbing procedure (2 cm) . For ST, each swab was placed into 
separate tubes of 5 mL buffered peptone water (BPW); for CC, each 
swab was placed into separate tubes of 5 mL Tecra broth (TB) . After 
swabbing, birds were euthanized and ceca were aseptically removed one 

cecum placed in BPW (1:3) weight:volume for ST or TB for CC . After 
stomaching, a semiquantitative method was used to enumerate the 2 
marker strains . When the level of ST was >106 per g of ceca, detection 
with either the shallow or deep swab was 97% and when the level was 
<106, the recovery rate fell to 63% . With either swab after freezing for 
7–21 d, the shallow swab detected 50% of the ST while the deep swab 
64% . For unfrozen CC swabs when the level in the ceca was >107 per 
g, the shallow swab detected the marker strain 90% of the time and the 
deep swab 93% . When the level was <107, both unfrozen swab tech-
niques only detected CC 32% of the time . So it was very reliable for 
high levels but somewhat questionable for low levels of colonization . 
When the chicks were challenged with 103 cfu of CC per chick, recovery 
from frozen swabs was 100%, however with a low inoculum (101 cfu/
chick) only 6% of the swabs were positive which could indicate a very 
low colonization rate . The % recovery of both ST and CC seemed to 
decrease after freezing . So it can be frozen if necessary, but doing the 
analysis on the same day as the swabbing seems to be more reliable .

Key Words: Salmonella, Campylobacter, cloacal swab, broiler chicks, 
detection

474P   In vivo colonization of Salmonella enterica serovars in 
laying hens and expression of antibacterial factors. Uma S . Babu*, 
Marion R . Pereira, Elmer C . Bigley, Ondulla T . Toomer, Girdhari M . 
Sharma, Kristina M . Williams, and Kannan V . Balan, Food and Drug 
Administration, Washington, DC.

Evaluating the potential of Salmonella serovars in tissue colonization 
and egg contamination is critical due to consumption of poultry and 
egg-containing products . The 2009 Egg Rule targets the eradication 
of Salmonella enterica Enteritidis (SE) from layers; however, other 
serovars such as Heidelberg (SH) and Typhimurium (ST) have also been 
associated with poultry related outbreaks . We conducted this study to 
see if these other serovars could colonize tissues of laying hens, cause 
egg contamination and stimulate expression of infection-related genes . 
Laying hens were orally gavaged with 107 cfu of (SE), (SH) or (ST) and 
assessed colonization of spleen, ovaries, and oviduct 10 d post challenge . 
Splenic colonization was similar for all the serovars; however, coloniza-
tion of ovaries and oviduct was significantly higher with SH than SE and 
ST . Furthermore, SH challenge resulted in egg contamination in 2 of 8 
birds while SE and ST did not result in contaminated eggs . Immuno-
competence studied by phenotypic evaluation of peripheral blood cells 
showed significant reduction in CD4 cells in SE and SH challenged 
birds, and lower CD8α and CD8β cells in SE, SH and ST challenged 
birds compared with controls. We evaluated expression profiles of 
antibacterial genes to SE, SH and ST challenges in the chicken spleen, 
ovary, and oviduct using Chicken Antibacterial Response PCR Array 
(Qiagen) . There was no change in splenic expression of these antibacte-
rial factors in any of the challenged birds compared with unchallenged 
group . Contrastingly, ovaries and oviducts showed differential expres-
sion of several genes associated with toll-like receptor (TLR) signal-
ing, antimicrobial peptide and lysozyme expression and inflammatory 
response factors compared with the control group . These results will be 
compared with tissue colonization and egg contamination by continuous 
exposure to these Salmonella serovars starting from pullet phase until 
post-lay . Overall, this study provides evidence for egg-contaminating 
potential of Salmonella serovars in addition to host-pathogen dynamics 
with respect to expression of infection-related genes .

Key Words: laying hen, Salmonella, tissue colonization
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475P   Dose response of Salmonella Enteritidis infection in young 
laying hens. Andrew C . Rehkopf*1, J . Allen Byrd2, and Tri Duong1, 
1Texas A&M University, College Station, TX, 2USDA Agricultural 
Research Service, College Station, TX.

Eggs and egg products have been implicated as a primary source for 
Salmonella Enteritidis infection in humans . Gastrointestinal coloniza-
tion and subsequent systemic distribution of Salmonella can result 
in colonization of internal organs including the reproductive tissues . 
In layer hens, Salmonella Enteritidis contamination of eggs has been 
demonstrated to occur through transovarian transmission . Despite the 
effectiveness of vaccines against Salmonella Enteritidis, contamination 
of eggs may still occur due to infection of laying hens . This demonstrates 
a need for additional interventions to further reduce Salmonella Enter-
itidis infections in vaccinated layers and improve microbial food safety 
of eggs . In this study, we evaluated the dose response of Salmonella 
Enteritidis infection in vaccinated young laying hens to inform future 
studies investigating interventions to reduce Salmonella Enteritidis 
infection of laying hens . Vaccinated 16-wk-old commercial laying hens 
were challenged experimentally by oral gavage with 106, 107, 108 cfu 
Salmonella Enteritidis, or a mock inoculation . Gastrointestinal colo-
nization was evaluated using the cecum, while invasion of peripheral 
tissues was evaluated using the ovary, liver, and spleen . Colonization 
of laying hens was determined to be dose dependent and increased with 
the challenge dose . However, the challenge dose was not determined to 
significantly affect tissue invasion. The results of our study will inform 
future studies investigating pre-harvest intervention strategies to improve 
the microbial food safety of eggs .

Key Words: Salmonella Enteritidis, laying hen, egg, food safety

476P   Effect of sodium bisulfate and a sodium bisulfate/tannin 
mixture on Salmonella Typhimurium marker strain survival in 
adapted and unadapted anaerobic in vitro mixed cultures. Peter M . 
Rubinelli* and Steven C . Ricke, University of Arkansas, Fayetteville, 
AR.

The ability of animal feed-grade sodium bisulfate (SBS) and a mixture 
of sodium bisulfate/tannin to inhibit the growth of Salmonella was 
investigated using an anaerobic in vitro mixed culture to mimic the 
conditions within the chicken cecum (hindgut) . An initial inoculum of 
approximately 1 × 107 cfu/mL of a marker strain of Salmonella enterica 
serovar Typhimurium was added to 20 mL of anaerobic dilution solution 
(ADS) containing 1/3000 diluted cecal bacteria and solids consisting 
of ground chicken feed and different percentages of solid SBS or SBS/
tannin . Two different experimental designs were employed: in Group 1 
(unadapted), the Salmonella marker strain was added at the beginning of 
the culture incubation along with cecal bacteria and chicken feed/SBS or 
chicken feed/SBS/tannin . In Group 2 (adapted), Salmonella was added 
after a 24 h pre-incubation of the cecal bacteria with the chicken feed/
SBS or chicken feed/SBS/tannin . Animal feed grade SBS or SBS/tannin 
powders (Jones-Hamilton Co .) were premixed with ground chicken 
feed powder . Final concentrations in cultures were 0, 0 .25, 0 .5, and 
0 .75% for SBS alone, and 0 .25 and 0 .5% for SBS/tannin . SBS alone 
was found to be inhibitory to Salmonella in Group 2 at all concentra-
tions tested (0 .25, 0 .5, and 0 .75%), and the degree of inhibition was 
concentration-dependent . Cultures containing 0 .5% SBS rapidly killed 
Salmonella to an undetectable level by 24 h with no recovery at 48 h . 
The SBS/tannin mixture was less inhibitory than SBS alone at the same 
concentrations in side-by-side comparisons. It is clear from our findings 
so far that both 0 .5% and 0 .75% SBS can rapidly kill Salmonella if a 
24h pre-incubation adaptation of cecal content is permitted, suggesting 
that fermentation by cecal microflora or other competitive process is 

involved in the anti-Salmonella activity, and that this activity may work 
synergistically with the lowering of pH by SBS .

Key Words: Salmonella, poultry, cecum, sodium bisulfate, tannin

477P   Effect of different prebiotics on a Salmonella Enteritidis 
marker strain in rooster in vitro cecal incubations and on in vivo 
microbiota from layer hen cecal contents. Peter M . Rubinelli*1, 
Sang In Lee1, Si Hong Park1, Douglas Korver2, and Steven C . Ricke1, 
1University of Arkansas, Fayetteville, AR, 2University of Alberta, 
Edmonton, AB, Canada.

The objectives of this experiment were to test 4 prebiotics for their ability 
to inhibit growth of Salmonella Enteritidis when combined with a wheat 
layer diet and cecal microorganisms in an in vitro anaerobic culture as 
well as evaluate microbiota shifts in cecal contents using a PCR-DGGE 
technique . This evaluation utilized an anaerobic in vitro system that 
combines prebiotics with chicken feed and microflora from the cecum 
(hindgut) of chickens to mimic conditions within the cecum . Nalidixic 
acid–resistant (NAR) Salmonella Enteritidis (SE13A) was added to each 
bottle, and the mixed cultures were grown anaerobically at 37°C and 
Salmonella survival was measured by plating on selective agar . Total 
DNA was isolated from each of 35 cecal samples (7 per treatment) and 
utilized for PCR-DGGE assessment. The common or specific bands 
were excised from the gel for sequencing and a phylogenetic tree was 
generated based on DGGE banding patterns . All 4 prebiotics inhibited 
Salmonella SE13A with reductions to approximately 3 logs lower 
than the control treatment with no prebiotic . At 48 h post-inoculation, 
ImmunoWall appeared to be somewhat more effective, with an addi-
tional log reduction compared with the control prebiotic . Although the 
entire 35 samples exhibited 80% relatedness, CitriStim and MaxiGen 
Plus treatment groups were more clustered with each other than with 
the other groups . Our results indicate that each prebiotic tested can 
rapidly reduce Salmonella populations by several orders of magnitude 
within 48 h of Salmonella inoculation . ImmunoWall® appeared to be 
somewhat more effective than the other prebiotics, reducing Salmonella 
Enteritidis almost 4 orders of magnitude compared with the control 
cultures without prebiotic .

Key Words: Salmonella, poultry, prebiotics, cecum, DGGE

478P   Original XPC decreases Salmonella Typhimurium and 
Enteritidis populations and alters fermentation acid profiles in 
chicken in vitro cecal incubations. Peter M . Rubinelli* and Steven 
C . Ricke, University of Arkansas, Fayetteville, AR.

Original XPC (XPC), a biological product derived from fermentation, 
was evaluated for its ability to inhibit Salmonella colonization using 
an in vitro mixed anaerobic culture system . The system contained cecal 
microflora, with and without XPC. This trial utilized an anaerobic in 
vitro system to simulate chicken cecal (hindgut) conditions . Ceca were 
harvested from 42d old broiler chickens for Salmonella Typhimurium 
evaluation, and 28-d-old laying hens for Salmonella Enteritidis evalu-
ation and placed in an anaerobic chamber . A 0 .1 g sample of the cecal 
contents was diluted and placed in sterile serum bottles containing 
chicken feed with or without addition of 1% XPC (wt ./vol .) . Nalidixic 
acid–resistant (NAR) Salmonella serovars were then added to each 
bottle, and the mixed cultures were grown anaerobically at 37oC . The 
aforementioned cultures were evaluated for Salmonella survival at 0, 24, 
and 48 h after Salmonella addition by plating on selective agar . The pres-
ence of XPC resulted in rapid inhibition of Salmonella Typhimurium, 
measuring 3 .5 logs lower than the Salmonella level recovered from the 
control culture . Short chain fatty acid (SCFA) analysis of supernatants 
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from the mixed cultures indicated a 60% reduction in propionic acid 
by XPC compared with the control culture . Butyric acid concentration 
of culture containing XPC was >180% of control culture . In laying 
hen ceca mixed with S. Enteritidis, XPC reduced S. Enteritidis 3 logs 
by 24 h in comparison to the control culture . Results from this study 
indicate that dietary inclusion of XPC may influence cecal microbiota 
fermentation, and has the potential to reduce Salmonella colonization 
in the cecum. Implications of these findings suggest XPC may decrease 
preharvest levels of Salmonella in broilers and layers .

Key Words: Salmonella, poultry, cecum, SCFA, anaerobic

479P   Detection of antimicrobial resistance genes in multidrug 
resistant Salmonella enterica isolated from retail ground turkey. 
Ben A . Bishop*, Janak Dhakal, Aaron Kiess, and Chander S . Sharma, 
Mississippi State University, Mississippi State, MS.

The escalating incidence of multidrug resistance (MDR) in Salmonella is 
an increasing concern for food safety . Resistance to extended spectrum 
cephalosporin can occur in Salmonella by the production of extended 
spectrum β-lactamases (ESBLs). These enzymes are encoded by genes 

such as blaTEM, blaSHV, blaCTX-M, blaOXA, and blaCMY . All these 
genes have been identified in Salmonella . The present study was con-
ducted to determine the presence of various antibiotic resistant genes 
including ESBLs producing genes in Salmonella enterica strains isolated 
from retail ground turkey from a previous study . Twenty Salmonella 
enterica strains (S. Heidelberg n = 7, S. Saintpaul n = 7, S. Newport n 
= 2, S. Reading n = 2, S. Muenchen n = 1, and S. Typhimurium n = 1) 
were tested for the presence of ESBL genes (blaTEM and blaCMY-2) 
using polymerase chain reaction (PCR) . PCR analysis revealed that all 
the S. Heidelberg and S. Saintpaul isolates carried the blaTEM gene . 
None of the other serotypes had blaTEM gene . In addition, none of the 
isolates carried blaCMY-2 gene. Multidrug resistance (≥3 antimicrobial 
classes) was observed in 100% of S. Heidelberg (n = 7/7) and 29% of S. 
Saintpaul (n = 2/7) isolates . The analysis for ESBLs -blaSHV, blaCTX-
M, and blaOXA and other antibiotic resistant genes (aadA, tetA, tetB) is 
currently being investigated . The occurrence of MDR Salmonella and 
Salmonella isolates harboring ESBLs in retail poultry products can be 
a potential public health concern .

Key Words: multidrug resistance, extended spectrum β-lactamases



157Poult . Sci . 94 (E-Suppl . 1)

Molecular and Cellular Biology

480P   Expression of nutrient transporters in the small intestine 
of embryonic and post-hatch turkeys. M . L . Weintraut*, S . Kim, R . 
A . Dalloul, and E . A . Wong, Department of Animal and Poultry Sci-
ences, Virginia Tech, Blacksburg, VA.

Nutrients are absorbed in the small intestine through a variety of trans-
porter proteins, which have not been as well characterized in turkeys as 
in chickens . The objective of this study was to determine the differential 
expression of amino acid and carbohydrate transporters in the small 
intestine of male and female turkeys . Each section of small intestine was 
collected during embryonic development (e21, e24 and d0) and post-
hatch development (d0, d7, d14, d21, d28) in 2 independent experiments . 
Quantitative real-time PCR was performed to profile the expression of 
aminopeptidase N (APN) and 10 amino acid and sugar transporters: 
ASCT1, b0+AT, CAT1, EAAT3, LAT1, PepT1, y+LAT2, GLUT2, GLUT5, 
and SGLT1 . Multiple comparison ANOVA was applied for statistical 
analysis . APN, b0+AT, PepT1, y+LAT2, GLUT5 and SGLT1 showed 
increased expression from e21 and e24 to d0 . During post-hatch, all genes 
except GLUT2 and SGLT1 were expressed about 2-fold more in females 
than males . GLUT2 was expressed similarly between males and females, 
while SGLT1 was expressed 2-fold greater in males than females . All 
basolateral membrane transporters (ASCT1, CAT1, LAT1, y+LAT2, and 
GLUT2) were expressed greater during early development (d0 to d7) 
then decreased with age, while the brush border membrane transporters 
EAAT3, GLUT5 and SGLT1 showed increased expression from d14 to 
d28 . These results demonstrated that the post-hatch expression of nutri-
ent transporters is not the same for male and female poults, which may 
affect the formulation of optimal diets for the growth of turkey flocks.

Key Words: nutrient transporter, turkey, qPCR

481P   Application of a targeted chromosomal integration system 
for use in Lactobacillus gallinarum ATCC 33199. T . E . Askelson*, A . 
K . Barker, and T . Duong, Texas A&M University, College Station, TX.

Lactobacillus species are common inhabitants of the gastrointestinal tract 
and are widely used as probiotics because of their health promoting ben-
efits. When used as direct-fed microbials in poultry they have been dem-
onstrated to promote growth, stimulate immune responses, and reduce 
intestinal colonization of pathogens . While they are used widely, the 
mechanisms responsible for their functionality are not well understood . 
While genetic tools available for use in lactobacilli are advanced, they 
have not been applied widely to investigate the probiotic functionality of 
Lactobacillus cultures in poultry . The genome sequence of Lactobacil-
lus gallinarum ATCC 33199, originally isolated from the chicken crop, 
has recently been made available . We have previously demonstrated 
the strong gastrointestinal adhesion and persistence and the successful 
genetic transformation of this strain . The plasmid, pORI28, has been used 
successfully to direct targeted chromosomal integration in a wide range 
of Lactobacillus species . The objective of this study is to demonstrate 
the functionality of the pORI28 system in L. gallinarum ATCC 33199 
by insertional inactivation of lacL, encoding β-galactosidase. A 651-bp 
internal fragment from lacL was cloned into pORI28, and the result-
ing vector, pTD017, was used to direct a chromosomal integration by 
homologous recombination . The establishment of an effective chromo-
somal integration system for L. gallinarum ATCC 33199 will provide a 
platform for functional genomic analyses to investigate the functionality 
of this model probiotic culture in the gastrointestinal tract of poultry .

Key Words: Lactobacillus, probiotic, direct-fed microbial, chromo-
somal integration, β-galactosidase

482P   Zinc protects cultured enterocytes from the damage 
induced by Salmonella enterica serovar Typhimurium. Yuxin 
Shao*, Bingkun Zhang, Yuanyang Dong, and Zhao Lei, State Key 
Laboratory of Animal Nutrition, College of Animal Science and Tech-
nology, China Agricultural University, Beijing, China.

The study was carried out to investigate the potential benefits of zinc 
protecting intestinal cells from damage induced by Salmonella enterica 
serovar Typhimurium (S. typhimurium) and the related mechanism . 
Human Caco-2 enterocytes were exposed to S. typhimurium (multiplic-
ity of infection, MOI = 300 and incubated for 6 h) and/or zinc sulfate 
pre-treatment (100 μM for 24 h) . The 4 treatment were: unchallenged, S. 
typhimurium-challenged, S. typhimurium-challenged with zinc supple-
mentation, and unchallenged with zinc supplementation . Salmonella 
infection produced a decrease in Caco-2 transepithelial electrical resis-
tance (P < 0 .05) . Conversely, Salmonella caused a progressive increase 
in transepithelial permeability to paracellular marker FITC-dextran (P 
< 0 .05) . Moreover, Salmonella infection upregulated the mRNA expres-
sion of the inflammatory cytokines IL-8, and TNF-α (P < 0 .05) and 
decreased the mRNA and protein expression of occludin and zonula-1 
(P < 0 .05) . The supplementation of zinc improved intestinal permeability 
by increasing transepithelial electrical resistance (P < 0 .05) and decreas-
ing the transepithelial FITC-dextran flux (P < 0 .05) . In addition, zinc 
reduced the mRNA levels of TNF-α (P < 0 .05), enhanced the expression 
of tight junctional protein occludin (P < 0 .05) . Additionally, Salmonella 
also reduced the mRNA expression of receptor ZnR/GPR39 (P < 0 .05), 
which was reversed by zinc supplementation (P < 0 .05) . In conclusion, 
Treatment of Salmonella exposure with 100μM zinc sulfate prevented 
disruption of membrane integrity by modulating expression of cytokine 
gene and tight junctional protein . The major intracellular signaling 
mechanism may be mediated by the Zn2+ sensing receptor ZnR/GPR39 .

Key Words: zinc, Caco-2, Salmonella, tight junction, cytokine

483P   Chicken serum enhances fatty acid based expression 
of key adipogenic transcripts in chicken preadipocytes. Alemu 
Regassa*1 and Woo Kyun Kim2, 1Department of Animal Science, Uni-
versity of Manitoba, Winnipeg, MB, Canada, 2Department of Poultry 
Science, University of Georgia, Athens, GA.

It has been shown that exogenous fatty acids (FAs) can activate the 
expression of adipogenic transcription factors in various animal spe-
cies . This study was conducted to examine the synergistic effects of 
chicken serum (CS) and different FAs on the expression of adipogenic 
transcripts involved in in vitro adipogenesis of chicken preadipocytes . 
Preadipocytes were isolated from 10-wk-old hens (Gallas gallus, 
Lohman strain) and treated with 5% CS (5 mL CS + 95 mL Dulbecco’s 
modified Eagle’s medium (DMEM)), 5% CS + 300 µM oleic acid (OA), 
5% CS + 300 µM linoleic acid (LA), 5% CS + 300 µM palmitic acid 
(PA), and 5% CS + 300 µM stearic acid (SA) for 48 hr . Control cells 
were incubated with 10% fetal bovine serum in DMEM at the same 
time for comparison purpose . Gene expression was measured using 
real-time RT-PCR, and data were analyzed using the GLM procedure 
of SAS (version 9 .2) . The mRNA expression of FABP4 and C/EBPB 
was higher (P < 0 .05) in cells treated with CS, CS + OA, CS + LA, 
CS + PA, and CS + SA compared with control cells . Whereas the 
mRNA expression of ATGL and C/EBPA was higher (P < 0 .05) in 
cells treated with CS, CS + OA, or CS + LA compared with the control 
cells, these transcripts were not significantly expressed in CS + PA 
or CS + SA. The expression of FABP4 and ATGL was significantly 
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higher (P < 0 .05) in cells treated CS + OA or CS + LA compared with 
cells treated with CS alone . In conclusion, these results indicate that 
different FAs may have different adipogenic induction potency, and 
the induction effects of specific FAs can be improved when delivered 
in combination with CS .

Key Words: chicken serum, fatty acid, adipogenesis, gene expression

484P   Ovarian stem cells: A case for adult avian oogonia? Chel-
sea Mannie* and Thomas Jensen, San Diego Zoo Institute for Conser-
vation Research, Escondido, CA.

The application of advanced reproductive technologies to endangered 
species conservation becomes crucial as populations continue to 
decline . Unlike techniques such as in vitro fertilization and cloning, 
xenotransfer of adult germline stem cells (GSCs) from the gonads of 
deceased birds to early stage chicken host-embryos could offer a viable 
method for routine avian germplasm rescue . While previous studies 
have demonstrated the ability of xenotransferred adult testes GSCs to 
colonize chicken host-embryo gonads, to our knowledge, no studies 
have even demonstrated the presence of adult ovarian germline stem 
cells . Therefore, the objective of this project was to investigate whether 
presumptive germline stem cells can be detected in the adult avian 
ovary and if they can be maintained in culture until xenotransfer . The 
expression of germline specific genes and stem cell-surface markers was 
compared between freshly isolated and 3-d cultured adult quail ovarian 
cells. Expression of the germline-specific genes cvh and piwil-2 was 
determined using RT-qPCR . The percent change in presumed germline 
stem cells was quantified by flow cytometry using the SSEA-1, SSEA-
3, and SSEA-4 antibodies . These have previously been shown to be 
specific to embryonic germline stem cells in birds. mRNA expression 
of cvh and piwil-2 was detected in fresh ovaries and following 3-d 
culture. No significant changes in the percent of SSEA-1, SSEA-3, 
or SSEA-4 expressing cells were detected between fresh and 3-d 
culture . However, SSEA-1 exhibited an increasing trend, and SSEA-4 
a decreasing trend, in the number of positive cells following culture . 
Donor-derived ovarian cells were detected in chicken host gonads 
7 d post-xenotransfer from quail (0 .03–0 .08%), bar-headed goose 
(0 .01%), blue-crowned hanging parrot (0 .03–0 .05%), and Visayan 
hornbill (0.08%). This study identified presumed germline stem cells 
in adult avian ovaries by germline-specific mRNA expression, stem cell 
markers, and xenotransfer . In addition, these cells can be maintained 
in culture . Further studies are needed to demonstrate functionality of 
transferred presumed germline stem cells .

Key Words: stem cell, ovary, oogonia, germline, cell culture

485P   Expression of digestive enzymes, nutrient transport-
ers and antimicrobial peptide in Eimeria-challenged broilers. 
Shengchen Su*1, Katarzyna B . Miska2, Raymond H . Fetterer3, Mark 
C . Jenkins3, and Eric A . Wong1, 1Department of Animal and Poultry 
Sciences, Virginia Tech, Blacksburg, VA, 2Animal Biosciences and Bio-
technology Laboratory, USDA/ARS, Beltsville, MD, 3Animal Parasitic 
Diseases Laboratory, USDA/ARS, Beltsville, MD.

Avian coccidiosis is caused by the intracellular protozoa Eimeria . 
The site of invasion and lesions in the intestine is species-specific; for 
example, E. acervulina mainly affects the duodenum, E. maxima the 
jejunum, and E. tenella the ceca. Infection causes reduced feed efficiency 
and body weight gain, which may be due to mucosal lesions or changes 
in expression of digestive enzymes and nutrient transporters in the 
intestine . The objective of this study was to compare the expression of 
digestive enzymes, nutrient transporters and an antimicrobial peptide in 

broilers challenged with either E. acervulina, E. maxima, or E. tenella . 
The genes examined included digestive enzymes (APN and SI), pep-
tide and amino acid transporters (PepT1, ASCT1, b0,+AT/rBAT, B0AT, 
CAT1, CAT2, EAAT3, LAT1, y+LAT1 and y+LAT2), sugar transporters 
(GLUT1, GLUT2, GLUT5 and SGLT1), zinc transporter (ZnT1) and an 
antimicrobial peptide (LEAP2) . Duodenum, jejunum, ileum, and ceca 
were collected 7 d post challenge . E. acervulina challenge resulted in 
downregulation of some nutrient transporters or LEAP2 in the duodenum 
and ceca, but not the jejunum or ileum . E. maxima challenge produced 
changes of nutrient transporters and LEAP2 in all 3 segments of the small 
intestine and ceca . E. tenella challenge resulted in changes of nutrient 
transporters and LEAP2 in the jejunum, ileum and ceca, but not the 
duodenum . At the respective target tissue, E. acervulina, E. maxima and 
E. tenella infection caused common downregulation of APN, SI, b0,+AT, 
rBAT, EAAT3, GLUT2, GLUT5, ZnT1 and LEAP2 . The downregula-
tion of digestive enzymes and nutrient transporters would result in a 
decrease in the efficiency of protein and polysaccharide digestion and 
uptake, which may partially explain the weight loss . These changes in 
gene expression may also be a cellular mechanism to inhibit pathogen 
propagation by diminishing intracellular pools of nutrients .

Key Words: Eimeria, digestive enzyme, nutrient transporter, liver 
expressed antimicrobial peptide 2, broilers

486P   PEG-mediated fusion of donor fibroblasts and inactivated 
germline stem cells: A new technology for avian conservation? 
Madhawi Alohali*1,2, Kyle Hatashita1, and Thomas Jensen1, 1San 
Diego Zoo Institute for Conservation Research, Escondido, CA, 2Cali-
fornia State University San Marcos, San Marcos, CA.

Maintaining genetic diversity in captive breeding populations is always 
of concern . Even with careful management, the introduction of new 
genetic lines to a captive gene pool is the best defense against inbreeding . 
Here, we present a method that may secure the genetics of wild indi-
viduals: the fusion of donor-derived fibroblasts (FBs) with inactivated 
germline stem cells (GSCs) . These fused cells could be xenotransferred 
to host embryos for production of donor-derived gametes for augmenting 
captive gene-pool diversity . This study evaluated fusion of inactivated 
GSCs to FBs, and their post-fusion survival in culture . Survival of GSCs 
following culture is indicative of successful fusion events and functional 
FB-derived nuclei . Future studies of host-embryo gonad colonization 
following transfers will evaluate the extent of donor-derived nucleus 
re-programming by the germline stem cells . GSCs isolated from stage 
35–37 chicken embryo gonads were exposed to UV light to inactivate 
nuclear DNA . FITC-conjugated SSEA-1,-3,-4 and C1 antibodies (visual-
ized by PerCP-conjugated secondary) were used to discriminate between 
GSCs and FBs, respectively . Inactivated GSCs and chicken FBs were 
fused with PEG and immediately analyzed by flow cytometry and fluo-
rescent microscopy, or following 3-d culture in stem cell medium . Direct 
quantification of fused cells co-stained with C1-PerCP and SSEA-FITC 
was not possible due to high levels of autofluorescence. Therefore, a loss 
of SSEA-FITC positive cells was used to indirectly measure GSC-FB 
fusion. Following fusion, a significant decrease from 0.7% to 0.4% was 
detected in SSEA-1,-3,-4 positive cells. Fusion was confirmed visually 
by the presence of 2 nuclei in SSEA positive cells . Following short-term 
culture, an increase in the percent of SSEA positive cells above that of 
un-fused controls confirmed the survival of fused cells. In conclusion, 
this technique has the potential to aid endangered species management 
by incorporation of genetics from failed breeding pairs or from wild 
birds without affecting those populations .

Key Words: germline stem cell, somatic cell nuclear transfer, germ-
plasm rescue, PEG cell fusion, chicken
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487P   Cell-specific alignment for PEG-mediated fusion using 
avidin and biotin-bridging. Kyle Hatashita*1, Madhawi Alohali1,2, 
and Thomas Jensen1, 1San Diego Zoo Institute for Conservation 
Research, Escondido, CA, 2California State University San Marcos, 
San Marcos, CA.

The preservation of avian germplasm is currently limited to semen 
cryo-preservation and, potentially, germline stem cell xenotransfer . 
Cloning, in the traditional sense, is not possible with birds due to the 
size of the oocyte and complications with super ovulation . However, 
germplasm could be preserved by somatic cell nuclear transfer, wherein 
donor-species’ fibroblasts are fused with inactivated host germline stem 
cells, followed by xenotransfer to host embryos . Polyethylene glycol 
(PEG)-mediated fusion is a commonly used tool in the production of 
hybridoma cell colonies for generation of monoclonal antibodies . In 
cell suspension, PEG fusion rates tend to be low and occur between 
random cells . Therefore, the objective of this study is to determine if 
targeted fusion, the alignment of specific cells using antibodies and 
avidin-biotin binding before PEG treatment, can increase the fusion rate . 
Both standard and targeted fusions used embryonic chicken fibroblasts 
bound with the C1 primary antibody . For standard PEG fusion, cells 
were visualized using either PerCP-conjugated or FITC-conjugated 
secondary antibodies . For targeted fusion, the cells were labeled with 
either PerCP-conjugated and biotin-conjugated secondary antibodies, or 
FITC-conjugated and avidinated biotin-conjugated secondary antibod-
ies. This method allowed for tracking and quantification of fusion events 
between the PerCP- and FITC-labeled cells when using the standard 
or targeted fusion protocols . The average standard PEG fusion rates 
were approximately 3%, while the average targeted fusion resulted in 
approximately 5% of total cells. This constitutes a statistically signifi-
cant increase in rate, ranging from 40 to 70%, between standard and 
targeted fusion . The current data suggest that targeted alignment using 
an avidin-biotin bridging system can increase the rate of cell-specific 
binding during PEG-based fusion . Future studies will determine the 
survival rate following avidin-biotin targeting and fusion of inactivated 
host germline stem cells and donor fibroblasts.

Key Words: SCNT, PEG fusion, chicken fibroblast, avidin-biotin 
bridging, targeted fusion

488P   Characterization of bile tolerance and bile salt hydrolase 
activity in Lactobacillus crispatus and Lactobacillus gallinarum. 
Timothy Broderick*, Tyler Askelson, and Tri Duong, Texas A&M Uni-
versity, College Station, TX.

Administration of probiotic Lactobacillus has been demonstrated to 
improve animal health, growth performance, and preharvest food safety 
in poultry production . Although gastrointestinal colonization is thought 
to be important to their probiotic functionality, mechanisms important 
to Lactobacillus colonization in chickens have not been well character-
ized . Deconjugation of bile salts has been used as a criterion for the 
selection of probiotic cultures and has been linked to bile tolerance and 
survival of probiotic cultures in the gastrointestinal tract . In this study, we 
investigate bile tolerance and bile salt hydrolase activity of Lactobacillus 
crispatus and Lactobacillus gallinarum strains isolated from the gastro-
intestinal tract of chickens . The bile tolerance of 3 L. crispatus strains 
(ATCC 33820T, JCM 5810, and ST 1) and 2 L. gallinarum strains (ATCC 
33199T and JCM 8782) was evaluated using medium supplemented with 
glycocholic acid (GCA), glycodeoxycholic acid (GDCA), taurocholic 
acid (TCA), and taurodeoxycholic acid (TDCA) . All 5 Lactobacillus 
cultures were able to grow in the presence of 0 .2% of each bile salt . 
Computational analysis predicted the presence of genes encoding a 
putative bile salt hydrolase (bsh) in each of the genomes L. crispatus 
ST1 and L. gallinarum 33199 . Targeted plasmid insertion will be used 
in inactivate the bile salt hydrolase, and the effect of the inactivation of 
those genes on bile tolerance will be evaluated . The results of our study 
will inform future research investigating the role of bile tolerance and 
bile salt hydrolase activity in the persistence of probiotic Lactobacillus 
cultures in the gastrointestinal tract of poultry .

Key Words: Lactobacillus, bile salt, bile tolerance, hydrolase
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489P   Complex hemograms in SPF chickens—An indication of 
cryptic infection? Paul F . Cotter*1 and E . D . Heller2, 1Cotter Labora-
tory, Arlington, MA, 2Hebrew University, Rehovot, Israel.

Hemograms or blood pictures provide information of health status . 
Those of normal cellularity and cytoarchitecture indicate the absence of 
frank disease and stress . Complex hemograms occur where the numbers 
of leukocytes are abnormal, or a high frequency of atypia (“sentinel 
cells”) exists . The purpose here is to describe complex hemograms of 
chickens raised under SPF conditions . Peripheral blood obtained at 
6 wk spread on glass microscope slides was collected at the point of 
origin. Later, films were stained by a modified Wright’s-Giemsa method. 
A minimum of 400 leukocytes were counted per slide and sorted into 
categories: typical, variant, and classic heterophils, small and medium 
lymphocytes, NK cells, blasts, monocytes, basophils, and eosinophils . 
Cells having atypical cytoarchitecture were found in all categories except 
eosinophils . Among granulocytes, atypical basophils and heterophils 
were common . Early basophils, “meso” and “meta” myelocytes, and 
those with dysgranulosis (unstained granules) were detected . Atypical 
heterophils having either defective granules and/or nuclei were found . 
Blast cells of the granulocyte series were also found . Among the lym-
phocyte series were circulating plasmacytes, and Mott cells . Atypia 
were found in the context of normal total white blood counts (TWBC) 
and in leukocytosis (TWBC  >50K) mean TWBC = 35K and SEM = 
±3K; n = 12 . Occasionally, free-swimming bacteria and phagocytosed 
bacteria were detected during the differential counts . In one case, cryptic 
bacteremia was indicted by a sequence of Wright-Giemsa, decolorizing, 
and Gram-staining methods . H/L ratios calculated by 2 methods ranged 
from H/L 1 = 0 .22 (±0 .03) to H/L 2 = 0 .2 (±0 .02), neither suggesting 
stress . In conclusion, complex hemograms can exist in the context of a 
normal TWBC and low H/L ratios . More important than those numeri-
cal hemogram indicators are sentinel cells, the presence of which are 
frankly remarkable and should be given considerable weight in welfare 
ascertainment .

Key Words: complex hemogram, sentinel cell, health, welfare

490P   Occurrence of wooden breast in broilers breast fillets 
in different weights. Liris Kindlein*, Laura Martins Lorscheitter, 
Tamara Zinn Ferreira, Renata Sesterhenn, Silvana Rauber, Patricia 
Soster, and Sergio Vieira, Universidade Federal do Rio Grande do 
Sul, Porto Alegre, RS, Brazil.

The myopathy wooden breast (WB) is macroscopically characterized 
by changes in the pectoralis major muscle showing pale expansive areas 
of substantial hardness accompanied with white striations . In this study, 
the occurrence of WB with broilers from varying body weights (BW) 
and processed at 35 and 42 d of age was investigated . A total of 1,008 
broiler breast fillets were collected from the same processing shift in 
a commercial processing plant . Carcasses from 504 birds having 35 d 
of age and average BW of 2,622 g as well as from 504 birds having 42 
d of age and average BW of 3,367 g were grouped by the presence of 
WB . Data were analyzed by ANOVA . At 35 d of age 32 .1% (n = 162) 
of the fillets presented WB whereas at 42 d the presence of the myopa-
thy increased to 89.5% (n = 451). Breast fillets presenting WB at 35 d 
were 8 heavier than the fillets without WB. However, the presence of 
WB was so massive at 42 d of age that a correlation with weight was 
not possible to establish. Breast fillets presenting WB originated from 
carcasses having a higher breast meat yield at 35 d (27 .2% to 29 .0%, 
respectively) whereas a correlation between WB and breast meat yield 

was not established at 42 d. It is concluded that breast fillets presenting 
WB originate from heavier birds with a higher proportion of yield as a 
percentage of the carcass . A positive correlation was established at 35 d; 
however, this correlation was not possible to establish at 42 d probably 
because breast meat yield is much higher at that age .

Key Words: chicken breast, myopathy, pectoralis major, yield, weight

491P   Occurrence of white striping and wooden breast in broiler 
breast fillets slaughtered at 35 and 42 d of age. Liris Kindlein*1, 
Tamara Zinn Ferreira1, Renata Sesterhenn1, Rafael Fontana Abs Cruz1, 
Henrique Scherr Cemin1, Sérgio Luiz Vieira1, Vladimir Pinheiro Nas-
cimento1, and Roberto Sainz2, 1Universidade Federal do Rio Grande 
do Sul, Porto Alegre, RS, Brazil, 2University of California, Davis, CA.

The aim of this study was to evaluate the occurrence of the abnormali-
ties white striping (WS) and wooden breast (WB) of Cobb 500 broilers 
slaughtered at 35 and 42 d of age at Federal University of Rio Grande 
do Sul (Brazil) Poultry Processing Pilot Plant . Increased growth rate 
and breast muscle proportion of broilers has been associated with an 
increase in the incidence of pectoral myopathies, such as white strip-
ing (characterized by superficial white striations) and wooden breast 
(characterized by pale and bulged with substantial hardness) . A total 
1,008 broilers breast fillets were collected (504 at 35 d (2.622 BW); 
504 at 42 d (3 .367 BW)) and evaluated in 4 classes: moderate degree of 
white striping =  <1-mm-thick striations (mWS); severe degree of white 
striping =  >1-mm-thick striations (sWS); wooden breast (WB) and the 
both abnormalities: white striping/wooden breast (WS/WB) . Individual 
birds were considered as the experimental unit for this analysis . At 35 d 
of age, 71.0% (358) broilers breast fillets were classified for WS (48.4% 
as mWS and 22 .6% as sWS) . On the other hand, at 42 d of age 94 .3% 
of the fillets were classified for WS, with an increase on the occurrence 
of severe degree (65 .08%) compared with mWS (29 .17%), demonstrat-
ing an increase of 187.8% of breast fillets classified as sWS. The same 
trend was observed for the WB that presented 32 .1% (162) at 35 d and 
89 .5% at 42 d (451- an increase of 178 .4%) . A correlation between 
the 2 myopathies was 0.43. At 35 d, 24.40% (123) of the breast fillets 
presented WB+WS and this relation increased to 84 .72% (427) at 42 d . 
These results suggests that an increased of age of slaughtering results 
in increased occurrence of higher degrees of WS and in the presence of 
WB, and also that can exist an relation of this 2 abnormalities .

Key Words: abnormalities, broiler, myopathy, chicken breast, pectoralis 
major muscle

492P   Pathological changes associated with dorsal cranial 
myopathy (DCM) in broilers processed at 35 and 42 d in Brazil. 
Liris Kindlein*1, Renata Sesterhenn1, Tamara Zinn Ferreira1, Ana 
Carina Hamerski1, Laura Martins Lorscheitter1, Sérgio Luiz Vieira1, 
David Driemeier1, Annie King2, and Roberto Sainz2, 1Universidade 
Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil, 2University of 
California, Davis, CA.

A dorsal cranial lesion has been increasingly detected in broilers 
processed at different ages (dorsal cranial myopathy, DCM) typically 
characterized by an yellowish discoloration of the skin and swelling on 
the region of the anterior latissimus dorsi (ALD) . This study aimed to 
histopathologically characterize the MDC and morphometric muscle 
fibers characteristics of Cobb × Cobb 500 broilers slaughtered at 35 
and 42 d of age in southern Brazil . For this experiment, a total of 1,215 
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broiler carcasses were collected (24 samples at 35 d average body weight 
at 2,800 g) and at 42 d (average body weigh at 3 .200 BW), in a total of 
48 samples . Carcasses were rated for presence or absence of the DCM 
lesion. Skeletal muscle samples fixed in 10% buffered formalin. To 
identify and differentiate the histological changes, slides were prepared 
and stained using H&E and Masson’s Trichrome . A major histopatho-
logical changes observed in the DCM samples (35 and 42d of age) 
consisted of loss of cross striations, variability in fiber size, multifocal 
areas of necrosis hyper-contracted muscle fibers and hypereosinophilic 
with rounded edges, necrotic cells interjacent with abundant fibrous 
connective tissue infiltrated moderate multifocal, predominantly of 
lymphocytes and macrophages and adipose tissue . The partial volume 

of muscle tissue (Vvm,%) showed that broilers with DCM at 35 and 42 
d of age demonstrated lower mean muscle tissue (31 .66 ± 10 .10 e 38 .49 
± 14 .82, respectively) when compared with broilers with normal muscles 
(49 .00 ± 13 .35 e 53 .96 ± 9 .97, respectively) (P < 0 .05) . Measuring the 
connective tissue (Vvc,%), it was observed that broilers at 35 d of age 
with DCM showed higher connective tissue (37 .53 ± 17 .99) than the 
broilers with normal muscles at 35 d old (13 .98 ± 8 .66) (P < 0 .05) . 
Similarly, broilers with DCM to 42 d (17 .36 ± 12 .97) had higher mean 
scores compared with normal muscle broilers at 42 d of age (6 .15 ± 5 .70) 
(P < 0.05). According to the results, we can conclude that muscle fibers 
with DCM showed characteristics of a chronic degenerative myopathy .

Key Words: broiler, latissimus dorsi, myopathy, muscle injury, poultry
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493P   Immune-neuroendocrine phenotypes and their social 
stress modulation in laying hens. Franco N . Nazar1, Inma Estevez2, 
Silvia G . Correa3, and Raul H . Marin*1, 1Instituto de Investigaciones 
Biológicas y Tecnológicas (CONICET-UNC) and Instituto de Cien-
cia y Tecnología de los Alimentos, Facultad de Ciencias Exactas, 
Físicas y Naturales, Universidad Nacional de Córdoba, Córdoba, 
Argentina, 2Neiker-Tecnalia, Arkaute Agrifood Campus, Department 
of Animal Productionand IKERBASQUE, Basque Foundation for Sci-
ence, Bilbao, Spain, 3Clinical Biochemistry and Immunology Research 
Center (CIBICI), National Scientific and Technical Research Council 
(CONICET), and National University of Cordoba, Córdoba, Argentina.

Immune, nervous and endocrine system studies in superior vertebrates 
have led to the description of immune-neuroendocrine phenotypes (INP), 
implying subgroups within a population differing on immune-neuro-
endocrine (INE) interactions . In mammals, INP are well represented 
by the Fisher/Lewis paradigm in rats . Moreover, the phenotypes have 
been associated with differences in the physiology of stress response . 
We proposed for the first time the existence of INPs in an avian species 
studying a Japanese quail population . To evaluate whether this biologi-
cal phenomenon generalizes to other avian, we assessed the existence 
of INPs in Hy-line Brown laying hens . Two hen subsets with opposite 
profiles were found showing consistent results with previous studies in 
quail and mammals as follows: Lewis-like hens (16% of the hens studied) 
showed lower corticosterone basal levels associated with higher lympho-
proliferative response, plasma interferon-γ and interleukin-4 levels and 
lower antibody titter against SRBC and innate/acquired leukocytes ratio 
than their Fischer-like hen counterparts (also 16% of the birds) . Thus, 
the already observed INP phenomenon in mammals and quail appear 
to generalize to a new avian species that has a much greater productive 
relevance, and more interestingly, that has been intensely manipulated 
through a long history of selective breeding . Findings suggest that at 
a population level, hens are prepared to deal with a wide spectrum of 
INE challenges . This study also evaluated whether a social chronic 
stress disturbance modulates the individuals’ INE interplay affecting 
the proportions and distribution of the proposed INP . After stress, same 
individuals showing either Lewis- or Fischer-like INP retained their 
previous INE interplay . Nevertheless, an increase of about 13% in those 
divergent INP frequencies (polarized effect) was found at the expense of 
a reduction in the number of hens showing intermediate INE responses . 
The increased frequency in polarized INP induced by chronic stress 
could represent an underlying population strategy to maximize survival .

Key Words: stress, adaptive response, immune-neuroendocrine phe-
notype, poultry

494P   Overexpression of G0/G1 switch gene 2 in adipose tissue of 
female transgenic quail leads to inhibition of lipolysis associated 
with laying. Paula R . Chen*, Young Min Choi, Sangsu Shin, Elizabeth 
Kim, and Kichoon Lee, The Ohio State University, Columbus, OH.

Yolk synthesis is tightly regulated by release of lipids from adipose tissue 
and transport of lipids from the liver and diet; however, the extent to 
which lipolysis in adipose tissue contributes to yolk synthesis has yet to 
be elucidated . Understanding the regulation of triglyceride synthesis and 
breakdown in adipose tissue and genes involved in these processes is 
crucial to optimize production in poultry industries . G0/G1 switch gene 2 
(G0S2) is known to directly bind and inhibit adipose triglyceride lipase 
(ATGL), the rate-limiting enzyme in lipolysis . The objective of this study 
was to determine whether overexpression of G0S2 could successfully 

inhibit endogenous ATGL associated with egg laying, resulting in lower 
fat loss . Two lines of Japanese quail overexpressing G0S2 with a fatty 
acid binding protein 4 (FABP4) promoter to induce adipose-specific 
expression were previously produced in our lab . Female quail from these 
lines were utilized to investigate our hypothesis that G0S2 overexpres-
sion would reduce egg production and cause retention of adipose mass 
that is normally lost during laying . Body weight and neck fat pad weights 
in G0S2 transgenic and non-transgenic quail were measured at 5 weeks 
of age (before laying), 1 week after laying first egg (early laying), and 
5 weeks after laying first egg (active laying). Adipocyte cross-sectional 
area (CSA) was measured to determine differences in size at the cellular 
level during various stages of laying and between groups . Transgenic 
quail had delayed onset of egg production and reduced number of eggs 
over a 6-week period compared with non-transgenic quail . No difference 
in neck fat pad weight or adipocyte CSA was observed at 5 weeks of 
age; however, transgenic quail had significantly larger fat pad weights 
and CSA at 1 week and 5 weeks after laying (P < 0 .05) . Overexpression 
of G0S2 inhibited lipolysis during early and active laying by preventing 
upregulated ATGL activity . Therefore, G0S2 could be a potential target 
for controlling fat accumulation and egg production in poultry .

Key Words: G0/G1 switch gene 2, adipose triglyceride lipase, promoter, 
lipolysis, transgenic quail

495P   The effect of pre-storage warming treatment on post-peak 
broiler breeder (52 weeks of age) egg hatchability and broiler 
chick growth. Laura E . Garcia*, Jose W . Charal, Dennis R . Ingram, 
and Theresia A . Lavergne, LSU Agricultural Center, Baton Rouge, LA.

Hatchability can vary depending on age of the hen, nutrition, develop-
mental issues, and environmental issues . Issues with hatchability are 
especially common in hens that lay eggs during their post-peak laying 
phase . The goal of this research was to determine if pre-storage warming 
of post-peak broiler breeder (52 weeks of age) eggs had an effect on 
hatchability or chick growth from 0 to 10 d of age . A total of 1,800 freshly 
laid Ross 708 eggs were allotted to 3 treatments that were subjected to 
different lengths of pre-storage warming . Treatment 1 was the control 
and was not warmed before storage . Treatments 2 and 3 underwent 9 or 
12 h of pre-storage warming in a Natureform Setter 2000 at 37 .5°C and 
60% relative humidity, respectively . Following the heating treatments, 
the eggs were stored for 3 d (at 15 .5°C, 60% relative humidity) before 
being placed in an incubator for 21 d . On the 7th and 14th day, eggs 
were candled and infertile eggs and fertile deads were removed . These 
were broken to determine true fertility or time of embryo mortality . 
On d 21, all unhatched eggs were broken to determine time of embryo 
mortality, and the chicks that hatched were sexed and kept in their 
treatment groups . Sixty males from each treatment were allotted to 10 
replications of 6 chicks each for the grow-out phase . These chicks were 
reared in battery cages for 10 d . Twelve hours of pre-storage warming 
decreased (P < 0 .06) early-dead mortality compared with control treat-
ment, and decreased pre-blood mortality (P < 0 .05) compared with both 
of the other treatments . There was no effect (P > 0 .05) of pre-storage 
warming treatment on average daily gain, average daily feed intake, 
feed efficiency, or body weight of 0 to 10 d old broilers. These results 
indicate that as pre-storage warming time increased to 12 h, pre-blood 
and early-dead mortality decreased . There was no effect of pre-storage 
warming on hatchability or growth of broilers .

Key Words: hatchability, fertility, pre-storage warming, average daily 
gain, mortality
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496P   Visualization and analysis of the mammillary structure 
of eggshell outer membrane. Wallace D . Berry*, Joe B . Hess, and 
Suzanne S . Oates, Auburn University Department of Poultry Science, 
Auburn, AL.

The structure of the mammillary region of the hen eggshell outer 
membrane is known to affect the ultimate qualities of the eggshell . 
Density and organization of the mammillary cores influence the number 
and arrangement of the palisade crystals that contribute most of the 
strength of eggshell and the number and size of the pores necessary 
for embryonic gas exchange . Previous studies have used scanning 
electron microscopy of the eggshell membrane or of epoxy casts of the 
membrane for morphometric analysis . In the present study, eggshell 
membranes were separated from the eggshell and the mammillary 
cores visualized by a histological stain followed by light microscope 
digital imaging . The resulting images were then analyzed with common 
image analysis software . This technique was used to compare mam-
millary knob density and organization of eggshell membranes from a 
broiler breeder strain and a commercial laying hen strain . Eggs from 
a line of broiler breeder hens and a line of table egg laying hens were 
broken and the contents washed out with tap water . One-centimeter 
square coupons were cut from the eggshells with fine scissors. The 
eggshell coupons were immersed in 10% acetic acid for 4 h to release 
the eggshell membranes from the shell . The membranes were washed 
under running water then left soaking in deionized water for up to 4 h . 
Washed membranes were place on microscope slides and allowed to air 
dry . The membrane coupons were then covered with several drops of 
Harris Hematoxylin (Sigma HHS16) for 30 s with gentle agitation . The 
hematoxylin was rinsed off under a stream of tap water . The slides were 
then dehydrated in successive rinses in a graded ethanol series (50, 70, 
100%) and then allowed to air dry . Coverslips were then mounted on the 
slides with a standard mounting medium . The slides were examined at 
100× magnification under a light microscope. Digital images of a 2000 
× 2000 pixel field were obtained with a microscope camera (Summit 
SK2–14x). The average number of mammillary cores per imaged field 
was 618 ± 57 vs . 517 ± 28 for the breeders vs . the table egg layers . 
There was no significant difference.

Key Words: eggshell, mammillary core, breeder, layer, hen

497P   Correlation analysis of cortical geometry of tibia and 
humerus of white leghorns using images of peripheral quantitative 
computed tomography and micro-computed tomography scans. 
Austen G . Cox*, Prafulla Regmi, and Darrin M . Karcher, Michigan 
State University, East Lansing, MI.

Peripheral quantitative CT (pQCT) has been used in poultry bone 
research in recent years to analyze cortical and cross-sectional geometry . 
For pQCT to be used as a standard research tool for analysis of bones of 
laying hens (cortical thickness <2 mm), the accuracy of the scans must 
be assessed. Primary differences in the pQCT and microCT (μCT) is 
the image resolution . Image resolution is inversely related to the pixel 
size . The aim of the current study was to correlate the cortical param-
eters measured using pQCT scans with the measurements from μCT, 
current gold standard . A total of 15 tibiae and 14 humeri of Lohmann 
White hens were scanned using pQCT and μCT. Reconstruction of the 
scans generated images with pixel sizes of 195 mm for pQCT scans 
and 46 mm for μCT scans. Cortical and total area were measured using 
MIMICS® software at proximal, middle, and distal location of 20 mm 
section of humerus diaphysis and 30 mm section of tibia diaphysis . 
Total area for proximal and middle locations as well as proximal cortical 
area measurements for humeri produced strong correlation coefficients 
(≥0.70). Moderate strength correlation coefficients (0.40–0.60) in 

humeri were seen in middle and distal cortical areas . Distal total area 
in humeri displayed a weak correlation coefficient (≤0.3; P = 0 .25) . 
Overall, tibiae demonstrated a weaker correlation . Proximal and middle 
cortical areas indicated moderate correlation coefficients (0.40–0.60) 
while proximal and middle total areas accompanied by distal cortical 
and total area displayed weak correlation coefficients (≤0.3). Only the 
middle cortical area measurement for tibiae was statistically significant 
(P = 0 .03) . These results indicate pQCT is not suitable for making infer-
ence on the structure of tibia whereas it can be useful for geometrical 
measurements of humeri .

Key Words: quantitative computed tomography, microcomputed 
tomography, correlation, bone, leghorns

498P   Killed vs. living cultures of Bifidobacterium and Lactoba-
cillus on broiler breeder semen. Melissa D . Triplett*, Christopher D . 
McDaniel, and Aaron S . Kiess, Mississippi State University, Missis-
sippi State, MI.

Previous research in our laboratory has shown that exposing rooster 
semen to living cultures of Bifidobacterium or Lactobacillus causes 
an immediate reduction in semen quality . Therefore, the objective of 
this study was to heat kill overnight cultures of Bifidobacterium and 
Lactobacillus to determine if semen quality is still altered even after 
protein denaturation . To begin, overnight cultures of Bifidobacterium 
animalis and Lactobacillus acidophilus were autoclaved at 121°C for 
1 h to achieve lethality . The heat-killed cultures were then removed 
from the autoclave and allowed to cool to room temperature . Semen 
was collected from 25, Ross 344 broiler breeder roosters, pooled, and 
analyzed to ensure their quality was in the normal range for sperm 
concentration, percentage dead sperm, and sperm motility . The fol-
lowing treatments were utilized for each of the heat killed and living 
bacterial cultures: a saline control, Reinforced Clostridial and de Man 
Rogosa Sharpe (MRS) broths, an overnight culture of both Bifidobac-
terium and Lactobacillus, a resuspended pellet of both bacteria, and the 
supernatant of both bacterial cultures . The pooled semen sample was 
exposed to each treatment and then read on a sperm quality analyzer to 
determine the sperm quality index (SQI) and a fluorometer to determine 
the percentage of dead sperm . The MRS broth results indicated a dif-
ference between the killed and living treatments for both the SQI and 
percent dead variables (147 vs 32 .3; 50 .04 vs 66 .14%, respectively; P 
= 0 .0001) . However, the majority of killed and living treatments were 
not different, suggesting that the products reducing semen quality are 
most likely heat stable and are potentially inorganic . For instance if 
protein products or components of the bacteria were responsible for the 
reduction in semen quality, the heating process used in this experiment 
should have caused denaturation and therefore restored semen quality . 
Therefore, future research should be focused on identifying potential 
inorganic substances that are reducing semen quality .

Key Words: Bifidobacterium, Lactobacillus, semen, sperm quality 
index, percent dead sperm

499P   Effects of dietary All-G-Rich and EconomasE on semen 
quality of broiler breeder roosters. Lizza M . Macalintal*, Tuoying 
Ao, Anthony J . Pescatore, Austin H . Cantor, Mike J . Ford, William D . 
King, and Karl A . Dawson, Alltech-University of Kentucky Nutrition 
Research Alliance, Lexington, KY.

Semen quality is a major factor affecting fertility in chickens . Avian 
semen is characterized by high concentrations of polyunsaturated fatty 
acids, which provide fluidity and structural integrity of the sperm cell 
membrane . A study was conducted to evaluate the effects of adding 
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microalgae and an antioxidant product to diets of broiler breeder roost-
ers on semen quality and sperm morphology . Microalgae (All-G-Rich, 
Schizochytrium limacinum CCAP 4087/2; Alltech Inc .) is known to 
contain high levels of DHA while EconomasE is a proprietary blend 
of ingredients designed to improve the antioxidant status of animals . 
Eighteen broiler breeder roosters (Cobb500), 33 wk of age, were housed 
in individual cages and were provided feed and water on an ad libitum 
basis . Roosters were divided into 2 groups (n = 9 each) and were fed 
a corn-soybean meal diet with or without All-G-Rich + EconomasE . 
Three pooled semen samples (3 roosters / pool), were obtained from 
each experimental group . After collection, semen samples were diluted 
1:1 with Beltsville Poultry Semen Extender and maintained at 25°C 
during analysis . Diluted semen was analyzed for packed cell volume, 
sperm cell concentration using a hemocytometer and morphology using 
an eosin/nigrosin staining technique . Feeding a combination of All-G-
Rich + EconomasE significantly increased the sperm concentration (P = 
0 .022) and packed cell volume (P = 0 .036) . No difference was observed 
for either viability or mortality . However, the percentage of abnormal 
sperm cells was higher for the non supplemented birds, compared with 
those fed the supplemented diet with the combination of All-G-Rich + 
EconomasE . (P = 0 .009) . Normal cells, as a percentage of viable cells, 
was significantly higher for All-G-Rich + EconomasE-fed birds (P = 
0 .047) . These data suggest that feeding a diet containing All-G-Rich 
+ EconomasE can be used to improve the semen quality of broiler 
breeder roosters .

Key Words: microalgae, EconomasE, broiler breeder, semen quality, 
sperm cell morphology

500P   Conventional cage housing during the laying period 
induces loss of bone mass and density in aviary reared pullets. 
Natalie L . Smith*1, Prafula Regmi1, Michael W . Orth2, and Darrin M . 
Karcher1, 1Michigan State University, East Lansing, MI, 2Texas Tech 
University, Lubbock, TX.

Housing systems for laying hens have been a concerning topic to the 
public and the industry because of the interest in their well-being . 
Conventional cages have been associated with osteoporosis during the 
laying period due to limited hen mobility in this system . Pullets reared 
in cage-free aviary have been reported to gain more bone quantity in 
tibia and humeri compared with caged pullets . The current study was 
aimed at understanding whether the bone mass gained at the end of the 
pullet phase is maintained at end-of-lay when the mobility is restricted 
at the start of the laying phase . To obtain a greater understanding of the 
housing effects on end of lay adult hens, Lohmann White pullets were 
moved from an aviary system at 19 wks of age to either an aviary hen 
system (AV) or conventional cages (AC) as part of the Coalition of a 
Sustainable Egg Supply research project . There were 120 hens at wk 77 
that were euthanized from each system and the right tibiae and humeri 
were collected and analyzed . All samples went through Quantitative CT 
to analyze their structure . The acquired images were then reconstructed 
and analyzed using MIMICS (Materialise Inc .) software . Cortical bone 
density of humeri in AC hens was approximately 20% less dense com-
pared with AV hens (P < 0 .05) . Tibiae results found that AC hens cortical 
bone density was 12% less dense than AV hens (P < 0 .05) . The humeri 
cortical thickness of AC hens was less than the corresponding measure 
in AV hens (P < 0 .05) . The cortical area of the AC tibiae was 8% less 
when contrasted with AV hens (P < 0.05). These findings indicate that 
hens moved to an AV system with moderate mobility had increased 
measurements of bone parameters, while AC hens with restricted move-
ment had a loss of bone mass and density .

Key Words: laying hen, aviary, tibia, humeri

501P   Biphasic effects of ethanol consumption on both oxidative 
status and adaptive immunity of the chicken, Gallus gallus. Deng 
Hui, Rami Dalloul, Jun Xu, and Ed Smith*, Virginia Tech, Blacksburg, 
VA.

The effect of ethanol consumption on immune response continues to be 
of broad interest . Although there is a consensus about the immunosup-
pressive effect of excessive ethanol use, our understanding of the physi-
ological basis of the influence of alcohol toxicity on the immune system 
is still unclear. In addition, the potential benefit of moderate alcohol 
use remains ambiguous . Therefore, this study used an avian model to 
assess the dose-dependent effect of ethanol on adaptive immunity, and 
to investigate the role of oxidant status in ethanol-induced changes in 
the immune system . A total of 96 White Leghorn chickens were ran-
domly divided into 4 groups and provided ad libitum drinking water 
containing 0, 2, 6, and 10% ethanol for 2 weeks . Total plasma IgG and 
IgM were determined by ELISA before and after sheep red blood cell 
(SRBC) challenge . Immune capacity was further evaluated based on the 
weights of different lymphoid organs . Oxidant status was estimated using 
biomarkers . Birds exposed to water containing 2% ethanol appeared 
to have a higher plasma antioxidant status and increased total IgG (P 
< 0 .05) . Those exposed to 6 and 10% alcohol had decreased levels of 
plasma antioxidants but increased oxidant status . Additionally, birds 
exposed to water containing 10% ethanol produced significantly lower 
IgG following SRBC challenge and had lower average lymphoid organ 
weights compared with those given water containing 2% ethanol (P < 
0.01). Significant positive correlations were apparent between lymphoid 
organ weights and oxidant status (P < 0 .01) . These results appear to 
suggest a positive effect of exposure of chickens to moderate ethanol use 
on adaptive immunity and a deleterious effect of acute ethanol consump-
tion. Further, oxidant status may influence ethanol-induced polarized 
changes in the immune system . The work supports earlier suggestions 
that the chicken could be used as a model to investigate the biological 
effects of alcohol in vertebrates .

Key Words: ethanol, chicken, oxidant status, adaptive immunity

502P   Gene expression of breast muscle tissue associated with 
the phenotypic expression of feed efficiency in a single male 
modern broiler line compared with progenitor Barred Plymouth 
Rock broiler line. Byung-Whi Kong*1, Bhuwan Khatri1, Kentu 
Lassiter1, Devin Cook1, Alissa Piekarski1, Nicholas Anthony1, Sami 
Dridi1, Nicholas Hudson2, and Walter Bottje1, 1University of Arkansas, 
Fayetteville, AR, 2CSIRO, St. Lucia, Australia.

To identify genes important in determining feed efficiency (FE) in broil-
ers, RNA sequencing was conducted with breast muscle from broilers 
(n = 6 per group) exhibiting high FE (HFE) and low FE (LFE), and 
from a broiler progenitor line (Barred Plymouth Rock; BPR) . The RNA 
sequencing analysis was carried out using Ilumina Hiseq (2 × 100 paired 
end read) and raw reads were assembled with Galgal4 reference chicken 
genome . Genes showing >0 .1 RPKM and > 10 average read counts 
were chosen and genes showing > 0 .05 false discovery rate (FDR) and 
> 1 .3 fold change were considered as differentially expressed between 
HFE vs . BPR, LFE vs . BPR and HFE vs . LFE . The results indicate 
that 940, 1527, and 1032 differentially expressed genes were identi-
fied in comparisons between HFE vs. BPR, LFE vs. BPR and HFE vs. 
LFE, respectively . Since HFE and LFE broiler chickens have similar 
genetic background, 522 DE genes were overlapped in the comparisons 
between HFE vs . BPR and LFE vs . BPR . The molecular and cellular 
functions of DE genes in the comparison between modern broilers and 
BPR include cellular growth and proliferation, cell death and survival 
and cellular movement, indicating that cellular mechanisms in modern 
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broiler lines are tightly associated with rapid growth of muscle cells 
compared with progenitor broiler line . Upstream analysis revealed that 
the activation of TP53, CD38, TGFB1, HRAS, IL4, TNF, β-estradiol 
and IFNG were predicted to be the most effective regulatory factors 
for DE genes in modern broiler line . In the HFE vs . LFE comparison, 
~90% DE genes were upregulated in LFE chickens, which did not 
match results previously obtained by microarray analysis that showed 
a balanced number of DE genes between up- or downregulation . To 
develop a more solid mechanistic model of breast muscle in HFE and 
LFE phenotypes, mRNA expression obtained from microarray/RNA 
sequencing and protein expression of shotgun proteomics will be inte-
grated . Research funded by USDA-NIFA-AFRI (#2013–01953) and 
Arkansas Bioscience Institute .

Key Words: feed efficiency, RNA sequencing, broiler, Barred Plym-
outh Rock

503P   Adiposity changes are depot-specific during the first two 
weeks in chicks from lines selected for low or high body weight. 
Miranda E . Gerrard*, Paul B . Siegel, Mark A . Cline, and Elizabeth R . 
Gilbert, Department of Animal and Poultry Sciences, Virginia Tech, 
Blacksburg, VA.

Two lines of chickens were developed by more than 55 generations 
of artificially selecting for low (LWS) and high (HWS) juvenile body 
weight (BW) . The HWS are compulsive feeders and obese, whereas 
LWS are anorexic and lean . Little is known about how adipose tissue 
deposition is regulated in the lines and such information may help 
explain the divergent phenotypes and contribute to a greater under-
standing of fat accumulation in chickens . The experiment was designed 
to measure subcutaneous (SQ), clavicular (CL), and abdominal (AB) 
adipose (fat) depot weights and activity of glycerol-3-phosphate dehy-
drogenase (G3PDH), an indirect marker of adipogenesis, in LWS and 
HWS at day of hatch (DOH) and d 4 (D4) and 14 (D14) post-hatch 
(n = 12) . The statistical model for depot weights included effects of 
line, depot, age and interactions . The model for G3PDH included line, 
depot, and interaction, within each age . There was a line × age × depot 
interaction (P < 0 .0001), where in SQ and AB, weight decreased and 
increased, respectively, from DOH to D14 in HWS . In LWS, SQ weight 
decreased from DOH to D14 . When expressed relative to BW and arcsine 
transformed, there were line × age (P = 0 .02), line × depot (P = 0 .002) 
and age × depot (P < 0 .0001) interactions . Fat mass was similar in both 
lines at DOH, but by D4 and D14 was greater in HWS than LWS . The 
CL and AB, but not SQ was heavier in HWS than LWS . From DOH 
to D14, SQ mass decreased and AB increased . For G3PDH, at D4 (P 
= 0 .0009) and D14 (P = 0 .05), there were line × depot interactions . 
At D4, there was greater activity in CL and SQ, but not AB of HWS 
than LWS . At D14, activity was greater in HWS than LWS in CL and 
AB, but not SQ . In HWS, positive energy balance may lead to adipose 
accumulation in major depots, while in LWS, hypophagic behavior is 
associated with depletion of subcutaneous reserves after hatch and lack 
of abdominal fat deposition .

Key Words: body weight line, adipose depot, early post-hatch, glycerol-
3-phosphate dehydrogenase

504P   Correlation between fertility aspects and environmental 
conditions, body weight and phenotypic sexual characteristics of 
broiler breeder males. C . A . Ardila1, L . X . Almeida1, D . Sanabria1, 
and C . A . Lozano*2, 1Incubacol S.A.S., Fusagasugá, Cundinamarca, 
Colombia, 2DSM Nutritional Products Colombia S.A., Bogotá, 
Colombia.

Selection procedures of males are an important tool to get an optimum 
fertility in a broiler breeder flock. BW, and size of shank, comb, and 
wattles have been correlated with fertility . Environmental conditions 
affect sperm quality and fertility . The objective was to correlate phe-
notypic characteristics of males with fertility aspects and determine 
the effect of environmental conditions on those characteristics. A field 
trial that involved 13,160 females and 1,668 males was conducted in a 
commercial broiler breeder farm in Colombia . The birds were placed 
in 3 commercial open houses at a density of 6 .3 birds/m2 . At 26, 36, 
44, 50 and 54 weeks, BW, length and redness of comb, shank, and 
wattles were measured from 15% of males . Sperm quality was analyzed 
from 8% of males . Fertility and hatchability were calculated from all 
the eggs after hatching . Maximum humidity (MH) and the difference 
between maximum and minimum temperature (DT) were determined 
daily. Significance was assessed at P < 0 .05 . Fertility was correlated 
with sperm concentration (SC; r = 0 .531), comb length (CL; r = 0 .518), 
shank length (r = −0.283) and BW (r = 0.250). SC was correlated with 
BW (r = 0 .577) and CL (r = 0 .657) . Hatchability had a correlation with 
fertility (r = 0 .930); SC (r = 0 .617) and BW (r = 0 .339) . Concentration 
of normal spermatic cells was correlated with comb redness (CR; r = 
0 .751), wattle redness (WR; r = 0 .701), CL (r = 0 .473) and BW (r = - 
0 .677) . As DT increased, fertility, BW, CL, CR, WR, shank redness, 
and SC were reduced . As MH increased, BW, CL, CR and WR were 
reduced . It was concluded that environmental conditions close to the 
comfort zone are crucial for a proper male development and a maximum 
fertility . Phenotypic sexual characteristics and BW can be implemented 
for male selection, and as indicators of fertility and semen quality . 
Normal spermatic cells, fertility, and hatchability decreased with age .

Key Words: breeder, fertility, reproduction, phenotypic, environment

505P   Delayed access to food at hatch is associated with up-
regulated glucagon and glucose transporter gene expression at 15 
days in chicks from low but not high weight-selected lines. Grace 
A . Parker*, Lindsay H . Sumners, Xiaoling Zhao, Christa F . Honaker, 
Paul B . Siegel, Mark A . Cline, and Elizabeth R . Gilbert, Virginia Poly-
technic Institute and State University, Blacksburg, VA.

Chickens selected for low (LWS) and high (HWS) juvenile body weight 
(BW) for 55 generations differ in BW by a factor greater than 10 . The 
LWS are hypophagic and lean, while the HWS are hyperphagic and 
obese . Due to increased industry globalization, newly hatched chicks 
may have delayed access to feed and water due to processing and delays 
in international transportation . Optimizing nutrition during this time 
may improve growth rate, feed efficiency, and breast muscle yield. A 
greater understanding of the molecular mechanisms underlying nutrient 
assimilation and blood glucose regulation is essential to facilitate such 
strategies . The objective was to evaluate pancreatic glucose regulatory 
factor mRNA abundance in LWS and HWS chicks that were either fed 
or fasted for 72 h at hatch . At d 15 (D15) post-hatch, pancreas was col-
lected (n = 12/line), total RNA isolated, and real time PCR performed 
to measure pancreatic and duodenal homeobox 1 (PDX1), preproinsu-
lin (PPI), preproglucagon (PPG), and glucose transporter 2 (GLUT2) 
mRNA . The statistical model included effects of line, nutritional status, 
and the interaction . There was a main effect of genetic line on PPI (P 
= 0 .003), where mRNA was greater in LWS than HWS . There was an 
interaction of genetic line and nutrition on PPG (P < 0 .0001) and GLUT2 
(P = 0 .001) mRNA, where expression was similar between LWS and 
HWS chicks that were fed, but greater in LWS than HWS when chicks 
were delayed access to feed . In conclusion, 72 h delayed access to feed 
at hatch affects pancreatic mRNA abundance of glucose regulatory 
factors in LWS chicks at 15 d, suggestive of a sustained compensatory 
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response to an early nutrient restriction in chicks from lines selected 
for low body weight .

Key Words: body weight, delayed access, mRNA abundance, pancreas

506P   Effect of breeder age, lenght and temperature of egg stor-
age on the development of bursa of Fabricius of Japanese quails. 
Mariana A . Mesquita*, Itallo C . S . Araújo, Marcos B . Café, Nadja S . 
M . Leandro, and Raiana A . Noleto, Universidade Federal de Goiás, 
Goiânia, Goiás, Brazil.

Breeder age, length and conditions during egg storage before incuba-
tion are some of the factors that could directly affect the physical and 
immunological quality of the birds . Two experiments were conducted to 
evaluate combinations of different storage periods and temperatures of 
hatching eggs of breeder quails in 2 stages of the production cycle (24 
and 43 weeks) on the development of bursa of Fabricius . In each experi-
ment a total of 1,050 Japanese quail eggs were incubated in a randomized 
block design in a 2 × 5 × 2 factorial arrangement of treatments, with 
2 breeder ages (24 and 43 wk), 5 storage periods (1, 3, 6, 9 and 12 d) 
and 2 storage temperatures (28°C and 14°C), as main factors for a total 
20 treatments with 52 eggs each . Hatchling quails were killed and the 
area of the bursa of Fabricius (mm2) evaluated by histology . Data were 
subjected to ANOVA and means were compared by Tukey’s test . There 
was a 3-way interaction effect between breeder age, period and storage 
temperature . When eggs were stored for 3 d, quails that hatched from 
older breeders had bigger area of the bursa of Fabricius regardless of 
the storage temperature . In contrast, in eggs stored for 6 d the effect of 
breeder age stored outside the refrigerator (14°C) was lost . The storage 
of Japanese quail eggs more than 6 d affected the development of the 
bursa of Fabricius of the newly hatched quails independently of breeder 
age and storage temperature .

Key Words: breeder age, Coturnix coturnix japonica, incubation, 
immunology, storage

507P   Effect of in ovo injection of l-threonine on the intestinal 
morphology and mucin 2 gene expression of quail hatchlings. Ali 
Daneshmand*1, Hassan Kermanshahi1, Nima Khodambashi Emami1, 
Damoon Ghofrani Tabari1, Ali Javadmanesh1, and Salam A . Ibrahim2, 
1Department of Animal Science, Faculty of Agriculture, Ferdowsi Uni-
versity of Mashhad, Mashhad, Iran, 2Department of Family and Con-
sumer Sciences, North Carolina A&T State University, Greensboro, 
NC.

This study was conducted to examine the effect of in ovo injection of 
l-threonine (THR) on the jejunal morphometry and mucin 2 (MUC2) 
mRNA expression in newly hatched quail . A total of 810 eggs were 
assigned to 9 groups with 6 replicates . The treatments were non-injected 
group (control) and groups that received in ovo injections of 0 .05 or 0 .1 
mL of saline with or without THR (5 mg/mL) and also administered in 
(IAS) or under (UAS) the air sac . Eggs were placed in a single-stage 
incubator and in ovo injected on d 11 of incubation . On hatch day, 2 
quail from each replicate (12 chicks from each treatment) were eutha-
nized with CO2 asphyxiation, the small intestine was removed, cleaned 
and the jejunal segment was mildly dissected and used to evaluate 
the morphological parameters containing villus height, crypt depth, 
villus height to crypt depth ratio and the number of goblet cells . The 
jejunal segments were also examined to measure the MUC2 mRNA 
expression . Data were analyzed using the GLM procedure of SAS, 
means were compared by Tukey and P < 0.05 was defined significant. 
Results showed that the in ovo injection of 0 .05 mL THR under the 
air sac (5TUAS) significantly increased villus height in comparison to 

control groups (190 .84 µm vs . 185 .42 µm, respectively), while other 
experimental treatments had no significant effect on this parameter. All 
treatments had no significant effect on crypt depth and villus height-to-
crypt depth compared with the control group . Quail chicks receiving 
5TUAS showed a significantly higher number of goblet cells (8.50) 
when compared with non-injected eggs (7 .10) . The present results also 
demonstrated that 5TUAS increased the mRNA expression of MUC2 
in the jejunum of quail hatchlings in comparison to the control group, 
while other experimental groups showed no effect . In conclusion, the in 
ovo injection of 0 .05 mL threonine under the air sac of quail eggs can 
beneficially affect morphological parameters such as villus height and 
the number of goblet cells in the jejunum of newly hatched quail and 
also favorably increase the mRNA expression of MUC2 .

Key Words: in ovo injection, threonine, gut morphology, MUC2 gene 
expression, quails

508P   Effect of in ovo injection of threonine on immunoglobu-
lin A gene expression in the intestine of day old Japanese quail. 
Hassan Kermanshahi1, Damoon Ghofrani Tabari1, Nima Khodam-
bashi Emami1, Ali Javadmanesh1, Ali Daneshmand*1, and Salam A . 
Ibrahim2, 1Department of Animal Science, Faculty of Agriculture, 
Ferdowsi University of Mashhad, Mashhad, Iran, 2Department of 
Family and Consumer Sciences, North Carolina A&T State Univer-
sity, Greensboro, NC.

The digestive mucosa of newly hatched chicks is most often exposed 
to pathogenic microflora. Specific protection against such harmful 
microflora is achieved mainly by secretion of immunoglobulin A (IgA), 
which is synthesized in the gut-associated lymphoid tissue (GALT) 
located in the gut lining . Threonine (Thr) represents up to 30% of the 
total essential amino acids content of the intestine, suggesting that Thr 
affects intestinal functionality and maintenance . Therefore, the pur-
pose of this experiment was to evaluate the effect of in ovo injection 
of threonine on immunoglobulin A gene expression in the intestine of 
Japanese quail hatch day chicks . A total of 540 Japanese quail eggs 
were assigned to 9 groups with 4 replicates and placed in a single stage 
incubator . Treatments were: non-injected control, sham control, 2 diluent 
levels (0 .05 or 0 .10 mL), 2 sites of injection (in or under the air sac) and 
with or without nutrients (0 .5 mg/mL Thr) . Eggs were injected on d 11 
of incubation . On hatch day (17d), hatchlings were euthanized by CO2 
asphyxiation, the intestine was removed and the jejunum was separated . 
The experiment was conducted as a completely randomized design, all 
data were analyzed with SAS statistical software (2004) and significant 
differences between means (P < 0 .05) were determined by Tukey’s 
Honestly Significant Difference (HSD). The relative mRNA expression 
of jejunal Ig A was increased (P < 0 .05) by the injection of 0 .05 mL 
Thr under the air sac compared with the control group . When 0 .1 mL 
Thr was injected in the air sac, IgA expression increased in comparison 
with the control group although not as much as when Thr was injected 
under the air sac group . These results suggest that the injection of 0 .05 
mL saline containing 0 .5 mg Thr/mL under the air sac can improve 
jejunal Ig A mRNA expression in newly hatched Japanese quail chicks .

Key Words: Japanese quail, in ovo injection, threonine, gene expres-
sion, immunoglobulin A

509P   Effect of in ovo injection of threonine and glucose on 
hatchability, growth attributes, and gut morphometry in Japa-
nese quail on hatch day. Ali Daneshmand*1, Nima Khodambashi 
Emami1, Damoon Ghofrani Tabari1, Hassan Kermanshahi1, and Salam 
A . Ibrahim2, 1Department of Animal Science, Faculty of Agriculture, 
Ferdowsi University of Mashhad, Mashhad, Iran, 2Department of 
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Family and Consumer Sciences, North Carolina A&T State University, 
Greensboro, NC.

The purpose of this study was to evaluate the influence of in ovo admin-
istration (d 11 of incubation) of threonine (THR) and glucose (GLU) 
on hatchability, organ weight and growth and jejunal morphological 
measurements in newly hatched quail . Eight hundred and 10 eggs were 
allocated to 9 treatments with 6 replicates each . Experimental treatments 
were comprised of a non-injected group (control) and groups receiving 
in ovo injections of 0 .05 mL of saline with or without THR (5 mg/mL) 
and GLU (5 mg/mL) and also injected in (IAS) or under (UAS) the air 
sac . Data were analyzed using the SAS GLM procedure, means were 
compared by Tukey and defined significant where P < 0 .05 . Results 
showed that the injection of both GLU and THR into the air sac (GIAS 
and TIAS, respectively) and also GLU under the air sac significantly 
decreased hatchability compared with the control group, while other 
treatments had no detrimental effects on hatchability . In ovo injection 
of GLU under the air sac unfavorably increased yolk sac weight, while 

chicks receiving THR through in ovo injection under the air sac showed 
significantly higher intestine weight in comparison to non-injected 
group . Although in ovo injection of THR under the air sac (TUAS) and 
the combination of THR and GLU under the air sac (TGUAS) tended to 
increase villus height, no treatments influenced this parameter in com-
parison to the control group . The number of goblet cells in the jejunal 
samples of chicks receiving TUAS and TGUAS statistically increased 
compared with control hatchlings . In conclusion, the in ovo injection 
of THR alone or in combination with GLU under the air sac of quail 
eggs can improve intestinal morphological parameters, while injection 
of GLU alone in or under the air sac detrimentally affects hatchling 
parameters, especially those related to growth performance .

Key Words: in ovo injection, Japanese quail, threonine, glucose, gut 
morphology

510P   Withdrawn. 



Poult . Sci . 94 (E-Suppl . 1)168

Processing and Products
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512P   Effect of freezing on black bone syndrome in broiler 
chickens. Cristiane Sanfelice*1, Sacit F . Bilgili2, Joseph B . Hess2, and 
Ariel A . Mendes1, 1Department of Animal Production, São Paulo State 
University, Botucatu, São Paulo, Brazil, 2Department of Poultry Sci-
ence, Auburn University, Auburn, AL.

Black bone syndrome (BBS) is a quality defect occasionally observed 
on bone-in leg quarters following cooking . The aim of this study was 
to determine the incidence and severity of BBS following refrigerated 
and frozen storage in broiler chickens . A total of 1,120 male Ross × 
Ross 708 broilers were reared in floor pens (14 per treatment). At 35 
d of age, 10 birds per pen (280 total) were processed and carcasses 
chilled in slush-ice overnight . The following day, leg quarters (thigh 
and drumstick) from each bird were placed in a freezer bag and imme-
diately frozen (−4°C) or placed in a plastic bag and kept refrigerated 
(4°C) for 5 d . Both refrigerated and frozen-thawed (24 h at 4°C) leg 
quarters were then cooked covered in a convection oven to an internal 
temperature of 71°C . Cooked leg quarters were allowed to cool, adhering 
meat removed and then scored for BBS severity both visually (3-point 
scale: where 0 = normal, 1 = mild, and 2 = severe) and objectively 
by a Minolta colorimeter (L*, a* and b*) . The data were subjected to 
Analysis of Variance and means were separated by Tukeys Test when 
significant (P < 0 .05) . The visual BBS scores as well as objective color 
values were significantly affected by the storage method. Severe BBS 
incidence was 55 .5 and 6 .5% for frozen and fresh stored leg quarters, 
respectively. Objective color measurements also differed significantly 
between the frozen vs . fresh stored thigh bones (L* = 32 .2 vs . 46 .8; 
a* = 11 .14 vs . 8 .17; and b* = 7 .35 vs . 9 .84) . The freezing resulted in 
higher incidence and severity of BBS . Because leg quarters are com-
monly marketed frozen, the rate of freezing (slow vs . fast) should also 
be investigated as a potential contributor factor to BBS .

Key Words: black bone, leg quarter, color

513P   Effect of the sampling procedure on the determination of 
volatile fatty acid concentrations in the cecum of broilers fed diets 
based on corn or wheat. L . Cámara1,2, M . V . Kimiaeitalab1, M . D . 
Carro1,2, and G . G . Mateos*1,2, 1Departameto de Producción Agraria, 
Universidad Politécnica de Madrid, Madrid, Spain, 2CEI Campus 
Moncloa, UCM-UPM, Madrid, Spain.

The methodology applied for processing digesta samples before labora-
tory analysis may affect the analytical results . The aim of this study was 
to assess the influence of sample processing on the concentration of the 
volatile fatty acids (VFA) in the cecum of 25-d broilers fed corn- or 
wheat-based diets . The experimental design was a split-plot, with diet 
as the main plot and sample processing as the subplot . Each treatment 
was replicated 8 times (4 broilers each) . Cecal samples were obtained 
by pooling the contents of 2 broilers chosen at random from each rep-
licate . After homogenization, samples were split into 3 aliquots which 
were allotted to one of the 3 following treatments: CON) immediately 
frozen and processed without any acidification; FAC) frozen and acidi-
fied (1 mL 0.5 N HCl/g) in the laboratory before VFA analyses; and 
ACF) immediately acidified and frozen. As compared with the ACF, 
total VFA and acetate concentration decreased by 9 .4 and 11 .2% with 
the use of the FAC procedure and by 9 .4 and 13 .0% with the use of 
the CON procedure, respectively (P < 0 .05) . Propionate, butyrate, and 
isovalerate concentrations were lower (P < 0 .05) in the FAC samples 

than in the ACF and CON samples . Valerate concentration was highest 
(P < 0.001) in the samples analyzed without any acidification. Main 
cereal of the diet did not affect total VFA and acetate concentration but 
corn-fed broilers had higher (P = 0 .05) concentrations of propionate, 
isobutyrate, valerate, and isovalerate, and lower (P < 0 .05) of butyrate 
than wheat-fed broilers . In summary, when the cecal samples were 
not acidified before being frozen and stored, total VFA and acetate 
concentrations decreased but the differences detected between diets 
were similar for all the tested methods. The acidification of the cecal 
contents at the time of sampling is recommended for improving the 
accuracy of VFA values .

Key Words: broiler, cereal, cecum, volatile fatty acids, processing 
method

514P   First results on chemical, technological, histological and 
genomic analysis of white striping and wooden breast myopathies 
affecting broiler pectoralis major muscle. Massimiliano Petracci*1, 
Paolo Zambonelli1, Francesca Soglia1, Martina Zappaterra1, Maurizio 
Mazzoni2, Federico Sirri1, Claudio Cavani1, and Roberta Davoli1, 
1Dept. of Agricultural and Food Sciences, University of Bologna, 
Bologna, Italy, 2Dept. of Veterinary Medical Sciences, University of 
Bologna, Ozzano dell’Emilia (BO), Italy.

Only a few years ago, the poultry industry began to face an abnormality 
in breast meat known as wooden breast, which frequently coincides 
with white striping. The aim of this study was to assess genomic profile 
of abnormal breast muscles and evaluate its effect on the histology, 
composition, and technological traits of the meat as well as on gene 
differential expression . For this purpose, 10 normal (NORM) and 10 
wooden and white-striped (WB/WS) p . major muscles were obtained 
from the same flock of heavy broilers (males of 3.8 kg live weight) 
from a commercial plant and used to assess composition (moisture, 
protein, fat, ash, collagen, sodium and calcium) and technological 
traits of both raw (pH, color, drip loss, cooking losses and shear force) 
and marinated (marinade uptake, cooking losses and shear force) 
meat. Furthermore, a transcription profile of the RNA extracted from 
the 20 samples was obtained by hybridizing Affymetrix expression 
arrays. If compared with NORM group, WB/WS fillets exhibited 
significantly higher fat, moisture and collagen contents coupled with 
a dramatic lower amount of protein (18 .5 vs . 23 .4%; P < 0 .01) . In 
addition, there was a decrease in water holding/binding capacity as 
demonstrated by lower marinade uptake and higher cooking loss in 
both raw and processed meat. WB/WS fillets also had higher levels of 
calcium (11 .3 vs . 7 .8 mg/100 g; P < 0 .05) and sodium (75 .1 vs . 37 .8 
mg/100 g; P < 0 .01) and more histological lesions characterized by 
fiber degeneration, fibrosis, and lipidosis. The functional categories of 
the differentially expressed genes supports these results because the 
main metabolic processes differentiating NORM and WS/WB groups 
are related to cellular development, extra cellular matrix metabolism, 
calcium and sodium metabolism supporting a muscle degeneration 
similar to a myopathy . In conclusion, this study seems to indicate a 
causative genetic origin of emerging breast muscle abnormalities and 
it is confirmed their dramatic effect on nutritional and technological 
properties of the meat .

Key Words: chicken breast abnormalities, white striping, wooden 
breast, genomic, meat quality

515P   Withdrawn. 
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516P   Treatment with PoultrypHresh lowers Salmonella 
Typhimurium numbers on broiler parts. Melissa A . Landrum*1, 
Scott M . Russell1, Nelson A . Cox2, Mark E . Berrang2, and Douglas 
E . Cosby2, 1Department of Poultry Science, University of Georgia, 
Athens, GA, 2USDA, US National Poultry Research Center, Athens, 
GA.

The increased prevalence of Salmonella recovered from cut-up broiler 
parts (26 .3%), compared with whole carcasses exiting the chiller (5 .9%), 
has caused concern from USDA-FSIS . The objective of this study was to 
determine if treatment with PoultrypHresh would decrease the recovery 
of a marker strain of Salmonella Typhimurium (ST) in further processed 
parts . Decreased numbers on broiler parts will assist companies to meet 
performance standards during secondary processing . Chicken wings, 
necks, breasts, and drumsticks (n = 13) were obtained from a local 
processing plant and placed into containers according to type . Each 
group of 13 pieces was inoculated by addition of 400 mL of buffered 
peptone water (BPW) and 3 mL of an overnight culture of nalidixic 
acid (Nal) resistant ST . Parts and inocula were mixed thoroughly by 
hand shaking for 60s . After a 2-h attachment period, 3 pieces of each 
part were removed from the inoculation vessel and placed into a sterile 
bucket with 8 L tap water as a control and 10 pieces of each part into 8 
L tap water treated with concentrated PoultrypHresh solution to reach 
pH 1 .5 . All parts were subjected to a 30-s agitation using a sterile stirring 
rod . After treatment, each part was removed, allowed to drip for 5 s, 
placed into clean sealable plastic bags and individually rinsed by hand 
with 100 mL of BPW for 60 s . Rinses were refrigerated at 4°C for 24 h 
before plating on Brilliant Green Sulfa Agar containing 200 ppm Nal . 
Characteristic Salmonella colonies were counted, means were calculated 
and log-transformed . Results indicated that PoultrypHresh at a pH of 
1 .5 reduced the recovery of ST on all chicken parts . The overall aver-
age log10 reduction of Salmonella was 1 .4, 1 .8, 2 .1, and 2 .7 for wings, 
necks, breasts, and drumsticks, respectively . This study demonstrates 
PoultrypHresh in a 30s agitated dip can result in a reduction of Salmo-
nella on parts and thus should improve the ability of poultry companies 
to meet performance standards .

Key Words: Salmonella, broiler part, secondary processing, 
PoultrypHresh

517P   Texture properties of raw and cooked broiler breast fillets 
with the wooden breast condition. Hong Zhuang*, Brian C . Bowker, 
Debolina Chatterjee, Angela M . Rincon, and Gabriela Sanchez Bram-
bila, US National Poultry Research Center, Athens, GA.

This study evaluated the effects of the wooden breast condition (WBC) 
on the texture properties of raw and cooked broiler breast fillets (pecto-
ralis major). Breast fillets (deboned at 3 h postmortem) were collected 
from a commercial broiler processing plant based on the wooden 
breast condition (normal, moderate, and severe) . Fillets were stored 
in a 4°C refrigerator for 24 h (fresh) or in a −20°C freezer for 6 d and 
then thawed at 4°C for 24 h (frozen/thawed) before texture analysis . 
Texture properties of the cranial portions of both raw and cooked fil-
lets were evaluated using Meullenet-Owens razor blade shear (MORS) 
and texture profile analysis (TPA) methods. In both fresh and frozen/
thawed samples, fillets with the WBC (moderate and severe) exhibited 
greater raw MORS values than normal fillets. However, for both raw and 
cooked samples, the relationships between WBC and TPA measurements 
differed depending on sample storage conditions and the specific TPA 
attribute . The relationship between WBC and TPA chewiness in cooked 
samples was similar in fresh and frozen/thawed fillets. However, the 
relationship between WBC and TPA hardness in cooked samples was 
different in fresh and frozen/thawed fillets. These results demonstrate 

that the WBC can affect the texture properties of raw meat . However, 
the effects of the WBC on the texture properties of cooked meat may 
depend on sample storage conditions and handling before cooking . 
Further research is needed to establish the relationship between WBC 
and specific texture properties in broiler breast meat based on different 
processing and storage parameters .

Key Words: broiler, wooden breast, texture, frozen/thawed, cooked

518P   Protein degradation and post-deboning tenderization in 
broiler breast meat with different degrees of muscle shortening. 
Brian C . Bowker* and Hong Zhuang, USDA-ARS, US National Poul-
try Research Center, Athens, GA.

Deboning broiler breast fillets before rigor mortis negatively influences 
tenderness due to sarcomere shortening . The effects of sarcomere 
shortening on muscle protein degradation and breast meat tenderization 
during post-deboning aging are not well understood . The objective of 
this study was to measure changes in tenderness and muscle protein 
degradation with post-deboning aging in broiler breast meat with dif-
fering sarcomere lengths . Fifty-six broilers were slaughtered and breast 
fillets were deboned at either 2 h (early-deboned, EB) or 24 h (control) 
postmortem. Samples were stored at 4°C and fillet tenderness (Warner-
Bratzler shear force, WBSF) was assessed on d 1 and 6 postmortem . 
Sarcomere length was measured and protein degradation was assessed 
using myofibrillar fragmentation index (MFI), SDS-PAGE, and Western 
blot analysis of myofibrillar proteins. Average sarcomere lengths were 
shorter (P < 0.0001) in EB fillets compared with controls. EB fillets 
exhibited greater (P < 0 .05) WBSF than controls at d 1 and 6 postmor-
tem . Aging decreased (P < 0.0001) WBSF in EB fillets, but the WBSF 
decrease with aging in controls was not statistically significant. Muscle 
protein degradation occurred in control and EB fillets between d 1 and 
6 postmortem . Aging increased (P < 0.0001) MFI in all fillets, but the 
increase was greater in controls . SDS-PAGE analysis revealed that the 
relative abundance of 11 myofibrillar protein bands changed with post-
mortem aging in all fillets. With aging, decreases (P < 0 .0001) in intact 
desmin and increases (P < 0 .05) in desmin breakdown products were 
observed in both EB and control fillets using Western blotting. Aging 
related differences in SDS-PAGE and Western blot profiles were similar 
between control and EB fillets. These results demonstrate that significant 
changes in muscle protein degradation and tenderness occur in broiler 
breast fillets between d 1 and 6 postmortem, but suggest that differences 
in muscle shortening due to deboning time do not substantially influence 
the extent of muscle protein degradation during post-deboning aging .

Key Words: aging, breast meat, deboning, protein degradation, 
tenderness

519P   Muscle fiber characteristics of broiler breast fillets with 
the wooden breast condition. Brian C . Bowker*1 and Robert Vimini2, 
1USDA-ARS, US National Poultry Research Center, Athens, GA, 
2Perdue Farms Inc., Salisbury, MD.

Broiler breast fillets exhibiting the wooden breast condition are described 
as having a rigid feel and abnormal texture attributes; however, changes 
at the muscle fiber level in wooden breast fillets are not well understood. 
The objective of this study was to compare the histochemical muscle 
fiber and tissue characteristics of normal and wooden breast fillets. 
Broilers from a high yielding commercial line were slaughtered at 7 
and 8 weeks old and breast fillets (Pectoralis major) were removed and 
categorized as normal (n = 80) or wooden (n = 20) . For histochemical 
analysis, muscle strips were removed from the cranial portion of each 
fillet, frozen in liquid nitrogen, and cross-sectioned. Muscle sections 
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were then stained using a succinate dehydrogenase, myosin ATPase, 
and hematoxylin combination staining procedure. Muscle fiber cross-
sectional area, muscle fiber type, and indicators of muscle degeneration/
regeneration were recorded. Both the normal and wooden breast fillets 
similarly exhibited the predominantly fast glycolytic muscle fiber type 
composition characteristic of broiler breast meat (approximately 97% 
fast glycolytic fibers). The average cross-sectional areas of the fast 
glycolytic muscle fibers, however, were approximately 15% greater in 
the wooden breast samples compared with the normal fillets. Compared 
with the muscle tissue from normal fillets, muscle tissue from wooden 
breast fillets exhibited a greater prevalence of necrotic muscle fibers 
and hyper-contracted giant fibers and increased evidence of monocyte 
invasion in the tissue. These data suggest that increased muscle fiber 
size and muscle tissue changes related to muscle fiber degeneration may 
contribute to the abnormal texture characteristics of broiler breast fillets 
exhibiting the wooden breast condition .

Key Words: broiler breast meat, muscle degeneration, muscle fiber 
size, wooden breast condition

520P   Sensory analysis of boiled eggs and freeze-dried yolks 
from laying hens fed crab and canola meals. Bruce Rathgeber*1, 
Melissa Bahri1, and Janice MacIsaac2, 1Dalhousie University, Truro, 
NS, Canada, 2Atlantic Poultry Research Institute, Truro, NS, Canada.

Feeding marine by-products to laying hens can be an economical means 
for increasing the long-chain omega-3 content of egg yolk . Attention to 
the effect on the sensory profile of these eggs needs to be considered. 
This study was conducted to determine if the evaluation of odor from 
freeze-dried yolk samples by a sensory panel could substitute for sensory 
evaluation of fresh boiled eggs from hens fed crab meal/canola meal 
combinations . Twenty-four cages of 5 Lohmann Brown hens were fed 
1 of 6 diets, 10% flax, 12% crab meal, 10% crab with 4% canola meal, 
8% crab with 8% canola, 6% crab with 12% canola, and 4% crab with 
16% canola . At 62 weeks of age, the yolks from 4 to 5 eggs per cage 
were pooled and freeze-dried . The following d 4–5 eggs per cage were 
collected and boiled . One boiled egg slice per dietary treatment was 
randomly provided to 28 panelists trained to detect fishiness. Samples 
were scored for fishy flavor and odor. The same panelists were randomly 
provided 1 freeze-dried yolk sample from each treatment to score the 
odor in the same way . The sensory responses in this completely random-
ized design were subjected to ANOVA . The boiled eggs from birds fed 
the 2 highest levels of canola tasted more fishy (P < 0.05) than the flax 
seed samples, with the other 3 samples having intermediate values . The 
eggs from the 2 highest canola treatments smelled more fishy than the 
eggs from birds fed flax seed and the 12% crab meal diet (P < 0 .05) . 
The 8% crab with 8% canola meal resulted in higher fishy odor than 
the flax seed eggs. When panelists scored the odor of freeze-dried yolk, 
all diets were fisher than the flax (P < 0 .05) . The 6% crab with 12% 
canola was fishier than all but the highest canola treatment which was 

not different than the 4 and 8% canola diets . The yolks from the 12% 
crab meal diet were less fishy than the 2 highest canola diets. These 
results indicated evaluation of odor from freeze-dried samples or boiled 
eggs are both suitable for determining changes in fishy odor of eggs 
due to dietary treatments .

Key Words: omega-3 egg, crab meal, canola meal, sensory analysis, 
odor

521P   White striping and woody breast: Effect on raw broiler 
breast fillet quality. V . A . Kuttappan*1, J . Caldas1, F . L . Yang1, V . 
Tijare1, B . H . Hargis1, C . N . Coon1, J . Escobar2, M . Vazquez-Anon2, 
and C . M . Owens1, 1University of Arkansas, Fayetteville, AR, 2Novus 
International Inc., St. Charles, MO.

White striping (WS) and woody breast (WB) are 2 poultry meat qual-
ity defects which affect the acceptance of raw breast fillets as well as 
properties of cooked and further processed products . The present study 
is intended to evaluate the incidence of these conditions in broilers at 
different age and to compare the properties of fillets with different 
degrees of WS and WB . For this study, 2,400 birds were processed, at 
6 and 9 wk of age, in a standard commercial inline processing system . 
After chilling, carcasses were deboned, butterfly fillets were collected, 
and weighed. Individual fillets were scored for normal, moderate, 
severe, and very severe degrees of WS and WB, and for hemorrhagic 
lesions (HL, 0 – no lesion to 2-severe lesion). Representative fillets with 
NORM-WS/WB (no WS and WB), SEV-WS (severe or very severe WS 
and normal or moderate WB), SEV-WB (severe or very severe WB and 
normal/moderate WB), and SEV-WS/WB (severe or very severe WS 
and WB) were selected and stored at 4°C. After 24h, fillet length, width, 
cranial height, and caudal height, as well as pH, color, and drip loss were 
recorded . There was an increase in incidence of severe and very severe 
WS and WB conditions at 9 wk compared with 6 wk of age . Mean HL 
scores were higher (P < 0 .05) in SEV-WS, SEV-WB, and SEV-WS/WB 
compared with NORM-WS/WB birds . NORM-WS/WB birds had lower 
(P < 0 .05) live and breast weight, as well as breast yield compared with 
SEV-WS, SEV-WB, and SEV-WS/WB . Cranial and caudal heights were 
lower (P < 0 .05) for NORM-WS/WB when compared with SEV-WS, 
SEV-WB, and SEV-WS/WB . Both SEV-WS and SEV-WS/WB had 
paler (P < 0 .05), while the former 2 along with SEV-WB had more (P 
< 0.05) yellowish breast fillet when compared with NORM-WS/WB. 
NORM-WS/WB had lower (P < 0 .05) pH while NORM-WS/WB and 
SEV-WS samples showed higher (P < 0 .05) drip loss when compared 
with SEV-WB and SEV-WS/WB . The results from this study showed 
that the severe degrees of WS and WB are associated with heavier and 
older birds, and thicker breast fillets. Occurrence of severe degrees of 
WS and WB can affect various raw meat quality factors mainly color 
and water holding capacity .

Key Words: white striping, woody breast, age, broiler, meat quality
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antioxidant supplement, 413P
antioxidative status, 242
anti-parasite properties, 359P
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apparent ileal amino acid digestibility, 156
appetite, 226
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ascites, 46
ascorbic acid, 455P
ash, 107
ash content, 287
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audio, 233
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average daily feed intake, 460P
average daily gain, 460P, 495P
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avian influenza, 244
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bacteriophages, 35
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bile tolerance, 488P
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blending technique, 101
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blood gas, 68
blood parameter, 72
blood-meat spots, 402P
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body composition, 14, 29
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body weight gain, 24
body weight line, 503P
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bone ash, 203
bone characteristics, 393P
bone mineralization, 156
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bone strength, 277, 419P
bone-breaking strength, 83
botanical additive, 409P
breast color, 196
breast fillet, 117, 120
breast meat, 25, 518P
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broiler breeder pullets, 3
broiler carcass, 123
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broiler chick, 419P, 473P
broiler chicken, 93, 109, 251, 286, 308, 401P
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broiler embryo, 5
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broiler performance, 30, 69, 115, 164, 
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broken-line regression, 13
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butyric acid, 464P
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calculation tool, 319P
calorimetry, 29
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campylobacteriosis, 316P
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canola protein concentrate, 26
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carcass trait, 227
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carvacrol, 23, 434P, 436P
CD205, 344P
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cecal contents, 36
cecal microbiome, 172
cecum, 476P, 477P, 478P, 513P
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cellular, 360P
cellular immunity, 240
cereal, 154, 354P, 394P, 513P
cervical column degeneration, 294
cetylpyridinium chloride, 37
challenge, 241, 416P, 432P
chenodeoxycholic acid, 454P
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chicken advertisements, 127
chicken breast, 490P, 491P
chicken breast abnormalities, 514P
chicken feed, 23
chicken fibroblast, 487P
chicken nugget, 121
chicken serum, 483P
chlorine dioxide, 64
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choice, 226
cholecalciferol, 113, 114
choline, 116, 290, 291
chondroitin, 455P
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chromosomal integration, 481P
chromosome, 46
circadian rhythm, 314P
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cold stress, 48
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colonization, 322P
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combination of fat, 215
commercial, 30, 208
commercial broiler, 186
commercial cuts, 448P
complex hemogram, 489P
compost, 329P
composter, 331P
compression, 270
computed tomography, 303
conditioning temperature, 96
consumer sensory, 118
consumer survey, 127
content delivery, 178
control, 63
conventional cage, 171
cooked, 517P
cooking, 150
cooled perch, 228
copper, 468P
copper oxide nanoparticles, 292
core body temperature, 70
core temperature, 196
corn, 259, 443P, 452P
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corn gluten meal, 26
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correlation, 497P
cortical density, 44
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crumble, 103
crypt depth, 440P
culture independent technique, 379P
cysteine, 350P, 361P, 362P, 364P, 365P
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database, 177
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day-old chick, 138
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dose response, 253
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fatty acid oxidation, 162
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feed consumption, 194
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feed supplement, 45
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flax extract, 359P
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folate, 80
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foot health, 55
footpad condition, 311P
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force, 270
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fungus, 212, 293
furnished cage, 56, 57, 235
Fusarium, 92

G

G0/G1 switch gene 2, 494P
GAB model, 376P
gait, 51
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gene regulation, 139
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germline stem cell, 486P
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β-glucanase, 146
glucose, 509P
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glycerol, 457P
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hatch weight, 302
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heat processing, 165
heat stress, 47, 48, 68, 228, 236, 290, 

291, 307, 309P, 396P
heat treatment, 387P
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heat-stress, 116
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hematological, 151
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hemoglobin, 289
hen, 67, 132, 234, 274, 289, 445P, 496P
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hepatic vitamin A, 382P
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high protein, 93
histology, 21, 267
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histomoniasis, 296
histopathology, 71, 124
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holding time, 315P
hormone, 132
host defense peptide, 77
hot water dip, 34, 169
housing, 69, 310P
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humoral, 360P
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hydrolase, 488P
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ICV injection, 102
ideal protein, 14, 369P
Igβ, 80
IL10, 183, 358P
IL-10, 346P
IL12, 183, 358P
ilea, 268
ileal and total-tract digestibility, 22
ileal digestibility, 200
ileal morphology, 155
ileum, 47, 438P
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immune cost, 183
immune response, 202
immune system, 50, 109
immune-neuroendocrine phenotype, 
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immunoglobulin A, 508P
immunological traits, 151
immunology, 506P
immunomodulation, 244
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immunomodulatory, 352P
immunomodulatory nutrients, 163
in ovo, 79, 357P
in ovo enrichment, 284
in ovo injection, 507P, 508P, 509P
in ovo supplementation, 107
in ovo vaccination, 315P
in vitro, 348P
in vitro cell screen assay, 340P
in vivo, 126
inclined walkway, 52
incubation, 64, 195, 299, 324P, 327P, 

366P, 506P
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induced stress, 50
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insecticide, 323P
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interleukin-1, 78
interleukin-10, 351P
intermittent light, 320P
Internet, 178
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intestinal immune response, 241
intestinal lesion, 423P
intestinal morphological structure, 347P
intestinal morphology, 286, 425P
intestinal mucosa, 358P
intestine, 342P
intracellular calcium, 306
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intradermal injection, 160
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iron, 289
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Japanese quail, 508P, 509P
JianChang duck, 447P
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keel, 56, 234
keel bone, 55
keets, 72
kinky back, 247, 299
knockdown, 135
koilin membrane, 442P
Korean native duckling, 283

L
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laying, 161
laying hen, 16, 66, 68, 83, 93, 105, 110, 

130, 228, 230, 235, 254, 311P, 320P, 
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lecithin, 457P
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leg, 248
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Leghorn, 191, 497P
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leptin, 102
lesion development, 185, 288
leucine, 370P
levamisole, 352P
light, 324P
light intensity, 62
light source, 320P
lighting, 189
lighting program, 190
lincRNAs, 134, 135
linear-plateau model, 283
lipid, 414P, 456P
lipid class, 86
α-lipoic acid, 401P
lipolysis, 162, 494P
lipopolysaccharide, 341P, 346P, 347P, 353P
liquid portion, 277
Listeria monocytogenes, 173
litter, 188
litter temperature, 194
live performance, 378P
live shrink, 70, 196
live yeast, 346P, 347P
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low feed efficiency, 41
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lymphocytes, 160
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lysine requirement, 283
lysozyme, 65
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magnifying lens, 138
Maillard reaction, 165
male sex behavior, 43
mammillary core, 496P
management, 177
mannanoligosaccharides, 412P
Marek’s disease, 134, 135, 141
mash diets, 84
maternal, 469P
maternal antibody, 339P
maternal diet, 414P
maternal nutrition, 439P
mathematical model, 330P
matrix, 81
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meal frequency, 199
meat, 419P
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meat chicken, 325P
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mechanical properties, 44
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metabolism, 20
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methionine, 31, 361P
methionine requirement, 10, 13
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methodology, 472P
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MHC variability, 140
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MIC, 420P, 468P
microalgae, 419P, 499P
microbial phytase, 381P
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microbiome, 128
microbiota, 379P, 438P
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mineralization, 107
minerals, 467P
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mix time, 159
mixing time, 101
molecular species, 456P
molt, 67
monoamines, 59
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MORS, 119
mortality, 495P
mRNA abundance, 505P
MUC2 gene expression, 507P
multi-carbohydrase, 276
multi-color, 186
multidrug resistance, 479P
multilayer environment, 53
multivariate analysis, 393P
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muscle injury, 492P
mutation, 338P
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mycotoxicosis, 92, 204
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Na-butyrate, 154
nanoemulsion, 173
natural antibiotic, 212
natural antimicrobial, 173
natural phenols, 413P
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necrotic enteritis, 145, 184, 245, 318P
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net energy, 258
neuropeptide, 454P
neuropeptide Y, 40
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new animal drugs, 296
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nitrogen balance, 459P
nitrogen excretion, 374P
non-cage housing, 55
normal feathered, 138
northern fowl mites, 328P
NSP enzyme, 255, 256, 257
nucleus of hippocampal commissure, 42
nutrient, 391P
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nutrient deposition, 255, 257
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nutrigenomics, 365P
nutrition, 20, 95, 418P, 432P, 465P
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odor, 520P
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omega-3 egg, 520P
onion extract, 273
oogonia, 484P
oral, 322P
oregano oil, 173
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organic acid, 209, 425P
organic acids, 147, 343P
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outbreak, 192
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oxidant status, 501P
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parthenogenesis, 302
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pathogenesis, 294
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pectinase, 260
pectoralis major, 133, 490P
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PEG cell fusion, 486P
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Pekin duck, 51, 213
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pellet composition, 95
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phosphorus, 83, 105, 106, 112, 256, 

381P, 391P, 466P
phosphorus availability, 98
phosphorus bioavailability, 393P
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Plasmodium species, 240
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post-harvest poultry, 125
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protein, 45, 220, 361P
protein degradation, 518P
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raw materials, 165
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redox status, 281
reduced fiber, 93
regression, 106
regulatory, 296
reproduction, 313P, 504P
requirement, 217, 219, 367P, 371P, 391P
research experience, 179
residual feed intake, 28
residue, 150
β-resorcylic acid, 125
respiratory alkalosis, 307
restriction, 449P
retention, 333P
retinol binding protein 7 (RBP7), 337P
reversion, 167
RLR4, 80
RNA sequencing, 502P
RNASeq, 47
RNA-Seq, 134
rock phosphorus, 156

S

Saccharomyces cerevisiae 343P, 441P
Saccharomyces cerevisiae supplementa-

tion, 148
Salmonella, 17, 35, 36, 37, 73, 122, 167, 

169, 170, 172, 173, 174, 184, 472P, 473P, 
474P, 476P, 477P, 478P, 482P, 516P

Salmonella Enteritidis, 74, 163, 171, 
322P, 475P

salmonellosis, 366P
sample location, 101
sample number, 101
sandpaper ramp, 52
sanitary challenge, 423P
sanitation, 64
Sarcodiotheca gaudichaudii, 74
satellite cell, 304, 305
scald, 123
scalding, 269
SCFA, 478P
scholarship, 333P
SCNT, 487P
scouting, 331P
screen size, 443P
secondary processing, 516P
second-messenger systems, 306

selection, 184
selenium, 223, 272
semen, 498P
semen quality, 499P
sensory analysis, 520P
sentinel cell, 489P
separation, 138
sequencing, 438P
serum, 113, 114, 457P
serum FITC-d, 247
set weight, 302
shear, 119
shell quality, 83, 311P
shell traits, 54
shRNAs, 135
SID, 375P
sigmoid feeding, 4
silver carbene complexes, 420P
skeletal, 129
skeletal muscle, 304
skin, 187, 364P
skin tissue, 365P
skip-a-day, 3
slope-ratio, 464P
slowly digested starch, 25, 27, 224
slowly digestible starch, 60
small flocks, 176, 180
SNP, 338P
SNP genotype, 140
social behavior, 313P
social interaction, 312P
sodium bisulfate, 476P
sodium butyrate, 440P
sodium hypochlorite, 37
solubility in KOH, 218
somatic cell nuclear transfer, 486P
sorghum, 18, 32, 225
soy protein, 121
soybean fat, 216
soybean meal, 26, 218
soybean meal origin, 252
soybean oil, 215
soybean process, 389P
spectral, 189
spectrum, 324P
sperm cell morphology, 499P
sperm quality index, 498P
Spirulina, 96
spleen, 341P
spondylitis, 299
spray dip, 123
sprinklers, 332P
starter period, 370P
stearidonic acid, 16
stem cell, 484P
stocking density, 67
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storage, 506P
strain, 52, 250
stress, 41, 42, 139, 167, 306, 310P, 493P
students, 175
subcutaneous vaccination, 315P
sulfonamide, 150
sulfur, 188
sunflower hulls, 458P
super-dosing, 90
surface area, 440P
survey, 157
symbiotic, 149
synergistic action, 388P

T

T-2 toxin, 267, 403P
tannin, 476P
targeted fusion, 487P
technology, 177, 178
temperature, 197, 305
tenderness, 518P
tendon, 198
TER, 204
texture, 517P
thermal stress, 304
thermostable xylanase, 253
threonine, 408P, 507P, 508P, 509P
thymol, 436P
thymol supplementation, 414P
thyroid hormones, 307
tibia, 44, 198, 287, 303, 500P
tibia ash, 115
tight junction, 482P
tightly associated bacteria, 168
tissue colonization, 474P
titer, 181
TLR, 182
TLR2, 80
TLR4, 346P
torticollis, 294
total plate count, 168, 169
total sulfur amino acids, 99
total-tract apparent retention, 155
total-tract retention, 275
toxicity, 124
toxicology, 204, 205
trace metal, 308
trace mineral, 111, 288
training grant, 334P, 335P
trans-cinnamaldehyde, 23, 172, 434P
transcriptome, 47, 133
transfer, 143

transgenic quail, 337P, 494P
transmembrane domain, 350P
transmission, 170
transponder, 5
transport, 70, 196
transportation, 6
transporter, 9, 73
treadmill test, 51
triacylglycerol, 86
triglyceride, 216
trisodium phosphate, 34, 169
true metabolizable energy, 94
true protein, 11
TSAA, 13
turkey, 36, 49, 50, 75, 78, 136, 147, 229, 

265, 296, 305, 340P, 348P, 371P, 
375P, 429P, 480P

turkey meat quality, 272
turkey poults, 240

U

ultradian rhythm, 314P
undergraduate, 179
underrepresented, 333P
underrepresented minorities, 179, 334P, 

335P
uniformity, 1, 2, 84
used litter, 109

V

vaccination, 295
vaccine, 79, 239, 297, 339P, 357P, 416P
vacuum coating, 88
vanadium, 242
Victus, 250
video, 233
villi, 21
villi morphology, 377P
villus height, 440P
viscosity, 31, 156
vitamin C, 242
vitamin D, 182, 522
vitamin D metabolite, 112
vitamin D3, 115, 286
vitamin E, 281
vitamin mineral premix, 208
vitamin premix, 469P
vitamins E and C, 285
vitrification, 143
volatile fatty acid, 20, 155, 458P, 513P
vulture, 331P

W

walking impairment, 51
water, 2
water accumulation, 123
water activity, 376P
water-cooled perches, 54
wattle trim, 236, 309P
weight, 490P
weight gain, 72, 435P
welfare, 55, 60, 61, 227, 234, 489P
wellbeing, 233
wheat, 24, 224
wheat cultivar, 27
White Leghorn, 44
white striping, 117, 120, 450P, 514P, 

521P
whole carcass rinse, 268
whole corn, 97
whole grain, 442P
whole wheat, 238
windrow, 329P
windrowing, 332P
wingless-2, 338P
winter, 429P
winter transportation, 197
wooden breast, 514P, 517P
wooden breast condition, 519P
woody, 119
woody breast, 117, 118, 270, 271, 450P, 

521P
wound healing, 185, 288

X

XPC, 128, 239
xylanase, 88, 89, 91, 146, 251, 259, 260, 

382P, 388P, 394P, 398P

Y

yeast, 17
yeast cell wall, 412P
yield, 429P, 490P
yolk, 289
yolk color, 100
yolk discoloration, 38

Z

zearalenone, 157
zinc, 104, 464P, 467P, 482P
zinc sulfate, 464P




