
Poultry Science Association
103rd Annual Meeting

Abstracts

To be presented

July 14–17, 2014
Corpus Christi, Texas

Also contains abstracts from the 2014 International Poultry Scientific Forum
January 27–28, 2014



EDITOR-IN-CHIEF
T. E. Porter (2016)
SECTION EDITORS
Environment, Well-Being,
 and Behavior
I. Estevez (2014)
M. M. Beck (2016)
Genetics
J. Dodgson (2016)
Immunology, Health,
 and Disease
R. L. Taylor Jr. (2016)
Metabolism and Nutrition
G. Cherian (2014)
M. Rodehutscord (2016)
E. Esteve-Garcia (2014)
Molecular, Cellular,
 and Developmental Biology
G. Bedecarrats (2016)
Physiology, Endocrinology, 
 and Reproduction
W. Bott je (2015)
A. L. Johnson (2014) 
Processing, Products,
 and Food Safety
C. M. Owens (2014)
S. C. Ricke (2016)
Production, Modeling,
 and Education
A. McElroy (2016)
Contemporary Issues
T. E. Porter (2016)
OFFICERS
President
M. O. Smith
First Vice President
T. J. Applegate
Second Vice President
D. J. Caldwell
Secretary-Treasurer
R. M. Hulet
Past President
M. T. Kidd
Directors
A. P. McElroy (2014)
D. R. McIntyre (2014)
B. D. Fairchild (2015)
D. Korver (2015)
J. B. Hess (2016)
S. R. Fernandez (2016)
Student Representatives
K. A. Byrne (2014)
A. J. Calvert (2015)

POULTRY SCIENCE
ASSOCIATION INC.

Organized 1908
htt p://www.poultryscience.org

htt p://ps.oxfordjournals.org

POULTRY SCIENCE®

N. Acar (2015)
O. Adeola (2015)
H. Ahmadi (2013)
W. Alali (2016)
T. J. Applegate (2015)
C. Ashwell (2016)
D. Babu (2015)
K. Bafundo (2016)
M. R. Bakst (2014)
R. Beckstead (2016)
B. R. Behrends (2016)
L. Berghman (2014)
W. Berry (2014)
D. Biswas (2014)
J. Brake (2013)
K. Bregendahl (2014)
B. Brehm-Stecher (2016)
J. Buyse (2014)
D. Caldwell (2014)
F. Carbonero (2016)
H. Cervantes (2014)
S. C. Chapman (2016)
H.-W. Cheng (2016)
K. K. Chousalkar (2013)
S. Cloutier (2016)
A. Collin (2014)
E. Collisson (2014)
M. Compton (2015)
M. E. Cook (2014)
P. Cott er (2014)
C. Coufal (2013)
P. A. Curtis (2013)
E. Delezie (2014)
R. Dennis (2014)
J. Donaldson (2015)
W. A. Dozier III (2015)
C. Dunkley (2016)
K. D. Dunkley (2014)
R. G. Elkin (2015)
D. Emmerson (2015)
G. Erf (2015)
J. Evans (2016)
N. Everaert (2014)
M. Farnell (2016)
S. Foley (2016)
R. Forder (2015)
N. French (2014)
J. Fulton (2014)
R. Gast (2014)
K. E. Gibson (2015)
E. Gilbert (2015)
I. Gimeno (2016)
H. Guo (2016)

I. Hanning (2016)
W. Huff  (2014)
R. M. Hulet (2014)
M. Hume (2015)
A. Jackson-Davis (2016)
D. Jackwood (2014)
P. A. Johnson (2016)
C. Jones (2016)
P. Kaiser (2014)
I. Kang (2015)
N. Kansaku (2016)
E. Kebreab (2013)
E. J. Kim (2016)
W. Kim (2016)
M. Koci (2015)
K. W. Koelkebeck (2013)
M. H. Kogut (2014)
A. Kollanoor-Johny (2016)
B.-W. Kong (2013)
O.-K. Koo (2015)
E. Koutsos (2015)
W. Kuenzel (2014)
I. Kyriazakis (2015)
S. J. Lamont (2014)
J. D. Latshaw (2015)
J. Lee (2013)
E. Leone (2016)
F. C. Leung (2016)
H. Lillehoj (2015)
J. Lin (2015)
H.-C. Liu (2016)
K. Maciorowski (2014)
R. H. Marin (2016)
A. McElroy (2016)
S. R. McKee (2015)
A. Meluzzi (2015)
K. Mertens (2013)
S. Mignon-Grasteau (2014)
S. Milillo (2014)
M. T. Musgrove (2014)
I. A. Naas (2016)
R. Nannapaneni (2016)
A. Narcy (2015)
K. J. Navara (2014)
R. Nayak (2016)
S. L. Noll (2016)
S. F. O’Keefe (2016)
R. Okimoto (2016)
O. Onagbesan (2014)
H. Parmentier (2014)
R. L. Payne (2015)
A. J. Pescatore (2014)
T. Pharr (2016)

M. Pines (2014)
T. Poole (2016)
R. Poureslami (2015)
A. Pradhan (2014)
G.-H. Qi (2015)
G. Rajashekara (2014)
V. Ravindran (2015)
K. Reed (2016)
T. B. Rodenburg (2014)
G. J. M. Rosa (2016)
W. B. Roush (2013)
I. Rozenboim (2014)
C. Ruiz-Feria (2013)
S. M. Rutherfurd (2015)
M. Schilling (2015)
C. Schmidt (2016)
P. Selle (2013)
R. K. Selvaraj (2015)
D. H. Shah (2016)
S. Sharif (2015)
C. S. Sharma (2015)
K. Shimada (2016)
F. Siewerdt (2016)
M. Singh (2014)
B. Svihus (2014)
C. Swaggerty (2016)
S. Tesseraud (2014)
L. Thompson (2016)
K. Tona (2014)
K. Turner (2014)
H. van den Brand (2014)
J. van der Poel (2015)
S. Velleman (2015)
R. Walzem (2014)
F. Weber (2015)
B. Werner (2014)
H. Willemsen (2014)
S. K. Williams (2015)
A. Witt ers (2014)
E. A. Wong (2016)
M. Yegani (2016)
A. Yersin (2014)
D. Zadworny (2016)
M. Zeman (2014)
J. Zentek (2016)
W. Zhai (2015)
H. Zhang (2016)
X. Zhang (2013)
X. Zhao (2015)
H. Zhou (2016)
H. Zhuang (2015)
I. Zulkifl i (2014)

ASSOCIATE EDITORS (2013–2014)

FASS Publications Staff 
journals@assochq.org
Susan Pollock, Managing Editor
Louise Adam
Jorge Cazares

Chris Davies
Sharon Frick
Gayle Gleichman
Armgard Haken
Christine Horger

Ron Keller
Lisa Krohn
Shauna Miller

Poultry Science® (ISSN 0032-5791) is published 12 times per year (monthly). Periodicals Postage Paid at Cary, NC, 
and additional mailing offi  ces. POSTMASTER: Send address changes to Poultry Science, Journals Customer Service 
Department, Oxford University Press, 2001 Evans Road, Cary, NC 27513-2009.

Subscription information Annually for North America, $589 (electronic), $647 (print), or $681 (electronic and 
print). Annually for Rest of World, £380/€467 (electronic), £438/€539 (print), or £461/€567 (electronic and print); 
single copies are $45. All inquiries about subscriptions should be sent to Journals Customer Service Department, 
Oxford Journals, Great Clarendon Street, Oxford OX2 6DP, UK, Tel: +44 (0) 1865-35-3907, e-mail: jnls.cust.serv@oup.
com. In the Americas, please contact Journals Customer Service Department, Oxford Journals, 2001 Evans Road, 
Cary, NC 27513. Tel: 800-852-7323 (toll-free in USA/Canada) or 919-677-0977, e-mail: jnlorders@oup.com. 

The PSA membership fee for individuals is $120 and includes electronic access to Poultry Science. A print subscrip-
tion for PSA members is available for $80 (US) or $107 (Rest of World). All inquiries about membership should be 
sent to Poultry Science Association Inc., 1800 S. Oak Street, Suite 100, Champaign, IL 61820-6974, Tel: 217-356-5285, 
e-mail: psa@assochq.org.

Claims Publisher must be notifi ed of claims within four months of dispatch/order date (whichever is later). Sub-
scriptions in the EEC may be subject to European VAT. Claims should be made to Poultry Science, Journals Customer 
Service Department, Oxford University Press, 2001 Evans Road, Cary, NC 27513, Tel: 800-852-7323 (toll-free in USA/
Canada) or 919-677-0977, e-mail: jnlorders@oup.com.

©2014 Poultry Science Association Inc. A journal of the Poultry Science Association published by Oxford University Press.

P
O

U

LT R Y      S C I E

N
C

E

A
S S O C I AT I ON

19081908



 Abstract  Page
 No. No.
Student Competition: Behavior, Extension, Environment, and Management .....................................................................................................................1
Student Competition: Genetics, Immunology, Pathology ....................................................................................................................................................5
Student Competition: Nutrition I .........................................................................................................................................................................................9
Student Competition: Nutrition II ......................................................................................................................................................................................13
Student Competition: Nutrition III .....................................................................................................................................................................................17
Student Competition: Nutrition IV ....................................................................................................................................................................................22
Student Competition: Physiology, Endocrinology, and Reproduction ..............................................................................................................................27
Student Competition: Processing, Products, and Food Safety ...........................................................................................................................................32
Student Competition: Intestinal Health ..............................................................................................................................................................................36
Immunology .......................................................................................................................................................................................................................39
Pathology ...........................................................................................................................................................................................................................41
Genetics ..............................................................................................................................................................................................................................44

Tuesday, July 15, 2014

Metabolism and Nutrition–Amino Acids ...........................................................................................................................................................................45
Metabolism and Nutrition–Nutrition I ...............................................................................................................................................................................48
Physiology, Endocrinology, and Reproduction  .................................................................................................................................................................53
Environment and Management I ........................................................................................................................................................................................58
Metabolism and Nutrition–Enzymes .................................................................................................................................................................................62

Wednesday, July 16, 2014

Extension and Instruction ..................................................................................................................................................................................................68
Behavior and Well-Being ...................................................................................................................................................................................................70
Environment and Management II ......................................................................................................................................................................................74
Metabolism and Nutrition–Feed Additives ........................................................................................................................................................................78

Thursday, July 17, 2014

Metabolism and Nutrition–Nutrition II ..............................................................................................................................................................................83
Processing, Products, and Food Safety ..............................................................................................................................................................................88

POSTERS

Behavior and Well-Being ...................................................................................................................................................................................................92
Environment and Management ..........................................................................................................................................................................................95
Extension and Instruction ................................................................................................................................................................................................104
Genetics ............................................................................................................................................................................................................................105
Immunology .....................................................................................................................................................................................................................109
Metabolism and Nutrition–Amino Acids .........................................................................................................................................................................113
Metabolism and Nutrition–Enzymes ...............................................................................................................................................................................121
Metabolism and Nutrition–Feed Additives ......................................................................................................................................................................129
Metabolism and Nutrition–Nutrition ...............................................................................................................................................................................140
Metabolism and Nutrition–Vitamins and Minerals ..........................................................................................................................................................155
Pathology .........................................................................................................................................................................................................................159

1–11
12–23
24–35
36–46
47–60
61–74
75–89
90–101
102–109
110–114
115–123
124–127

128–138
139–152
153–167
168–180
181–196

197–203
204–215
216–226
227–242

243–257
258–269

270P–277P
278P–305P
306P–308P
309P–322P
323P–332P
333P–356P
357P–378P
379P–411P
412P–458P
459P–468P
469P–472P

Abstracts of the  
Poultry Science Association  

Annual Meeting

SYMPOSIA AND ORAL SESSIONS

Monday, July 14, 2014



Physiology, Endocrinology, and Reproduction ................................................................................................................................................................161
Processing, Products, and Food Safety ............................................................................................................................................................................165

PSA Meeting Author Index ..............................................................................................................................................................................................173
PSA Meeting Subject Index .............................................................................................................................................................................................183

ABSTRACTS of the 

2014 International Poultry Scientific Forum

Georgia World Congress Center, Atlanta, Georgia

January 27–28, 2014

SYMPOSIA AND ORAL SESSIONS

Monday, January 27, 2014

Milton Y Dendy Keynote Address ...................................................................................................................................................................................192
Pathology/Physiology/SCAD I ........................................................................................................................................................................................193
Metabolism & Nutrition I ................................................................................................................................................................................................197
Environment Management I ............................................................................................................................................................................................201
Processing & Products .....................................................................................................................................................................................................205
SCAD II ...........................................................................................................................................................................................................................208
Metabolism & Nutrition II ...............................................................................................................................................................................................210
Environment Management II ...........................................................................................................................................................................................212
Metabolism & Nutrition III ..............................................................................................................................................................................................215

Tuesday, January 28, 2014

Pathology/Physiology/SCAD II .......................................................................................................................................................................................217
Metabolism & Nutrition IV..............................................................................................................................................................................................221
Environment & Management III/Metabolism & Nutrition V ..........................................................................................................................................226
Metabolism & Nutrition VI..............................................................................................................................................................................................233

POSTER PRESENTATIONS .......................................................................................................................................................................................234
IPSF Author Index ...........................................................................................................................................................................................................272

473P–483P
484P–505P

 Abstract  Page
 No. No.

M1–M15
M16–M29
M31–M45
M46–M57
M58–M62

M63–M71(1)
M71(2)–M77

M79–M87

T88–T101
T102–T115
T116–T130
T131–T141

P142–P283



1Poult. Sci. 93(E-Suppl. 1)

Student Competition: Behavior, Extension, Environment, and Management

1   Survey of the biosecurity and management practices on 
broiler farms. K. G. English*1, M. Singh2, and K. S. Macklin1, 
1Auburn University, Auburn, AL, 2Purdue University, West Lafayette, 
IN.

Biosecurity programs have long been known to be effective at prevent-
ing disease outbreaks in the poultry production system. However, these 
programs are only effective if they are properly adopted and adequately 
followed. Evaluation of the biosecurity practices on individual farms is 
needed to determine if such practices are followed and to what extent. 
Broiler growers for an integrator in Alabama were selected for review 
of their biosecurity program. This was accomplished by sending out a 
survey to 120 individual farms to evaluate their biosecurity practices. 
An example of some of the questions asked of the growers included 
those regarding their insect and/or rodent control programs, farm visi-
tor practices, house or farm entry logs, age of housing and equipment, 
house management practices, house set-up procedure, the use of foot 
baths, shoe covers and hand washing. Thirty-two responses to the survey 
were received (27%). Analysis of the surveys indicated that over 90% 
of farms had a rodent control program, 100% used foot baths, and 78% 
had an insect control program, and 78% limited farm visitors. However, 
less than 10% of farms had a farm entry/exit log, house entry log, or 
had visitors change clothing before facility entrance. Soap and water or 
hand sanitizer was reported by 16% of the respondents to be available 
at each house. The results of this survey indicate that while many farms 
have good biosecurity practices, improvement and standardization of 
such practices is needed to provide adequate protection to their poultry 
farm as well as their neighbor’s farm.

Key Words: biosecurity, management, survey, broiler

2   Coefficient of variation standards range for laying hen 
performance experiments in Brazil. P. A. P. Ribeiro*, B. C. C. 
Almeida, G. V. Polycarpo, M. F. C. Burbarelli, C. E. B. Merseguel, A. 
C. P. Carao, L. S. B. Queiroz, J. C. Dadalt, A. B. S. Oliveira, and R. 
Albuquerque, University of São Paulo, Pirassununga, SP, Brazil.

The precision of an experiment can be measured by the coefficient of 
variation (CV). Low CV values indicate that the variation sources were 
controlled, whereas high CV values indicate low experimental control. 
To establish the CV ranges for laying hen performance 111 scientific 
papers, published in Brazilian poultry and animal science journals, that 
presented CV values were evaluated. The ranges were defined according 
to the model proposed by Costa et al. (2002), which considers low: CV ≤ 
(Md − PS), medium: (Md −PS) (Md + 2PS), where Md = median of the 
CV values, Q1 and Q3 are the first and third quartiles, and PS = IQR/1.35 
is the pseudo-sigma being IQR, interquartile range (IQR = Q3 − Q1). 
The descriptive statistics for feed conversion, feed consumption, egg 
production, egg weight and egg mass CV are presented in the top part 
of Table 1. The CV classification ranges of the productive parameters 
are presented in the bottom part of Table 1. Each parameter has its own 
expected range of CV. Experiments that present CV values higher than 
6.79, 5.65, 6.36, 3.22, and 6.87 for feed conversion, feed consumption, 
egg production, egg weight, and egg mass, respectively, might have 
uncontrolled sources of variation.

Table 1. (Top) number of observations (N), mean, median, minimum, maxi-
mum, standard deviation (SD), pseudo-sigma (PS), and normality probability 
(Norm) by the Cramer-Von-Mises test for coefficients of variation (CV) for lay-
ing hen productive parameters; and (bottom) CV classification range of laying 
hen productive parameters

Parameter N Mean Med Min Max SD PS Norm

Feed 
convers

27 5.44 4.35 0.02 22.10 4.46 2.44 <0.005

Feed 
consum

36 3.75 3.69 0.23 11.12 2.11 1.96 0.0948

Egg prod 36 4.47 4.05 0.90 14.77 2.74 2.31 <0.005

Egg wt 33 2.88 2.55 1.06 12.17 1.90 0.67 <0.005

Egg mass 31 5.15 4.76 0.65 16.14 3.03 2.11 <0.005

         

Low Medium High Very high

Feed 
convers

<1.91 1.91 < X < 6.79 6.79 < X < 9.22 >9.22

Feed 
consump

<1.72 1.72 < X < 5.65 5.65 < X < 7.61 >7.61

Egg prod <1.74 1.74 < X < 6.36 6.36 < X < 8.67 >8.67
Egg wt <1.88 1.88 < X < 3.22 3.22 < X < 3.90 >3.90
Egg mass <2.65 2.65 < X < 6.87 6.87 < X < 8.98 >8.98

Key Words: coefficient of variation, laying hen, precision

3   The effects of egg storage conditions on egg and blastoderm 
quality in naked neck birds. A. Y. Ansah*, J. A. Hamidu, K. Ado-
mako, and A. Addo, Department of Animal Science, Kwame Nkrumah 
University of Science and Technology, Kumasi, Ashanti, Ghana.

The objective of the study was to determine the effect of storage tem-
perature and duration on egg quality characteristics and blastodermal 
(d 0 embryo) size before incubation of naked neck eggs. One hundred 
and fifty heterozygous naked neck eggs were collected and stored in 
a commercial farm for 0, 4, 7, 10 and 14 d at 2 storage temperatures: 
room temperature (20–26°C) and cold temperature (18°C). The control 
eggs were not stored. Ten eggs each per storage duration at each of the 
storage temperatures were broken to determine the proportions of yolk, 
shell and albumen. An additional 5 eggs per treatment were broken and 
blastoderm size determined. The data were analyzed using Proc GLM 
at P < 0.05. The means were separated using the SNK test. The results 
showed that egg weight after storage was not affected by temperature 
but it was significantly affected by egg storage duration and interaction 
of temperature and storage duration. The weight of 7 d stored eggs was 
significantly higher compared with 10 and 14 d. The percent wet yolk 
was significantly higher in room temperature compared with control 
but both were not different from cold storage. The eggs stored for 0, 
4, and 7 d had lower percentage of wet yolk than 10 and 14 d storage 
treatments. The percent dry yolk also followed the same pattern as the 
wet yolk. Both the percentage of wet and dry shells as well as eggshell 
thickness were not significantly different between the treatments. The 
percent albumen was significantly lower in 10 and 14 d compared with 
0, 4, 7 d storage durations. The blastoderm size was not significantly 
affected by storage durations at cold temperature treatment; however, 
there was a linear decrease in the size of the blastoderm with increas-
ing duration of egg storage (Y = −0.0456X + 7.1299; R2 = 0.52). The 
study shows that both egg quality and blastodermal size decreased with 
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increasing egg storage. Storage in room temperature resulted in higher 
negative effect on egg quality compared with cold storage.

Key Words: egg storage, naked neck, temperature, egg component, 
blastoderm

4   The impact of day length on turkey health and welfare. C. 
Vermette*, K. Schwean-Lardner, S. Gomis, T. G. Crowe, and H. L. 
Classen, University of Saskatchewan, Saskatoon, SK, Canada.

The impact of graded levels of day length on turkey health and welfare 
was determined in hens and toms raised to 12 wk of age. Birds were 
allocated to 1 of 4 lighting treatments (trt) providing 14 (14L), 17 
(17L), 20 (20L), and 23 (23L) h of day length. Two experiments were 
completed with each providing 2 rooms per lighting trt and each room 
having 3 hen and 3 tom pens. Data collection included bird mobility, the 
incidence of foot pad dermatitis (FPD), and breast blisters and breast 
buttons, ocular size and intraocular pressure. Data were analyzed using 
SAS 9.3 based on a randomized complete block split-plot design with 
experiments blocked, lighting treatment as a main plot factor, and sex as 
a subplot factor. Regression analysis established relationships between 
response criteria and day length. Differences were considered significant 
when P ≤ 0.05. Mobility, FPD, and the incidence of breast blisters and 
buttons were assessed on 5 birds per pen at 11 wk of age. A gait scoring 
(GS) technique was used for judging mobility, where 0 represents no 
abnormality and 5 total loss of mobility. Birds in higher GS categories 
(2, 3, and 4) and average GS increased linearly with day length. Both 
hens and toms showed the same increase, but the effect was larger in 
toms. Footpad dermatitis was assessed using a 5-point subjective scor-
ing technique (0 = no external lesions; 4 = >50% of footpad covered in 
necrotic tissue). Day length did not affect FPD, but more lesions and 
more severe scores were found for hens. The presence of breast blisters 
and buttons increased linearly with day length with the effect on blisters 
predominately seen in toms. Eye weight increased and corneal diameter 
decreased linearly with increasing day length (12 wk). Dorso-ventral 
and media-lateral diameter and anterior to posterior size exhibited a 
quadratic relationship, with the highest values seen for the 23L trt. 
Intraocular pressure (9 and 12 wk) was not affected by day length or 
sex. To conclude, darkness is beneficial for turkey health and welfare.

Key Words: photoperiod, gait score, breast blisters, footpad, eye

5   Meat quality characteristics in turkeys of two strains differ-
ing in open field behavior. M. A. Erasmus*, H. C. Lee, I. Kang, and 
J. C. Swanson, Michigan State University, East Lansing, MI.

Meat quality control remains important in the turkey industry due to 
the occurrence of pale, soft, exudative (PSE) meat, but associations 
between turkey temperament and meat quality have not been exam-
ined. The objectives of this research were to (1) examine differences 
in meat quality characteristics (pH, R-value, and L*, a* and b* color 
values) between commercial (COMM) and randombred (RB) turkey 
strains, and (2) examine the relationship between meat quality and 
behavioral/physiological responses in an open field (OF) test, which is 
frequently used to assess fear in poultry. Male COMM and RB turkeys 
were each housed in groups of 16 in 4 pens. Turkeys were individually 
tested in an OF (2.74 × 2.74 m, divided into 81 squares) at 11 wk, and 
birds were classified as high responders (HR) or low responders (LR) 
based on OF behavior. Plasma corticosterone levels were assessed in a 
subsample of birds (n = 20/strain) before and after OF testing. Turkeys 
were processed and meat quality characteristics were evaluated in 10 to 
11 birds per pen (n = 44/strain) at 15 to 17 wk for COMM and 20 to 21 

wk for RB turkeys. Results were analyzed using a mixed model (SAS 
9.2). Log-transformed lsmean (±SE) pre-test (COMM: 1.01 ± 0.14; 
RB: 1.42 ± 0.14 ng/mL; P = 0.049) but not post-test (COMM: 2.22 ± 
0.13; RB: 2.48 ± 0.13 ng/mL; P = 0.17) corticosterone levels differed 
between strains. Corticosterone levels did not differ between HR and 
LR birds of either strain. The R-value tended to be lower for COMM 
(1.18 ± 0.02) compared with RB turkeys (1.24 ± 0.02, P = 0.061), but 
pH, L*, and a* values did not differ between the strains. However, log-
transformed b* values were higher for COMM (2.12 ± 0.06) than RB 
(1.96 ± 0.06, P = 0.011) turkeys. No differences in any meat quality 
characteristics were found between HR and LR birds. Results indicate 
that COMM and RB turkeys respond physiologically similar to OF 
testing and differ in some meat quality color characteristics, but within 
strains, individual differences in OF responses are not associated with 
differences in meat quality.

Key Words: turkey, meat quality, fearfulness, open field test

6   Effect of feeding program during rearing on body weight, 
egg production, and hatchability of broiler breeder females. Y. M. 
Lin* and J. Brake, Prestage Department of Poultry Science, North 
Carolina State University, Raleigh, NC.

Four female breeder feed allocation programs were compared during 
the starter (17.5% CP, 2.9 kcal/g, 0–6 wk) and grower (14.5% CP, 2.85 
kcal/g, 7–21 wk) phases. The 4 female breeder feeding programs were 
termed high-high (HH), high-low (HL), low-high (LH), and low-low 
(LL) with feed/pullet/d 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 
cumulative feed to photostimulation was (HH) 9,128 g, (HL) 8,808 
g, (LH) 8,943 g, and (LL) 8,616 g. The females were fed similarly 
thereafter. Hatchability and fertility was determined weekly from 28 
to 63 wk of age. Egg production was recorded daily from 24 to 64 wk 
of age. There were no effects of the different feeding programs on feed 
conversion, hen-housed or hen-day egg production, and female mortal-
ity. With regards to hatchability and fertility, there were no differences 
from 25 to 35 wk of age. However, from 36 to 45 wk of age, the LH 
feeding program had greater hatchability (94.1%) than HL (92.1%) 
and LL (92.3%) feeding programs with HH (93.1%) intermediate (P 
= 0.048). From 46 to 55 wk the HH feeding program exhibited greater 
early deads (4.4%) than LH (3.6%) and LL (3.4%) feeding programs with 
HL(3.8%) intermediate (P = 0.017). From 56 to 64 wk, the LH and LL 
feeding programs exhibited greater fertility (P = 0.051) and hatchability 
(P = 0.103) than the HH feeding program, with HL being intermediate. 
Overall, the LH feeding program exhibited the best fertility (94.9%) 
and hatchability (89.3%), whereas the HH feeding program produced 
the poorest results (fertility 90.5%; hatchability 84.7%).

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

7   Effect of Miscanthus bedding on live performance and paw 
scores of broilers. M. Frank*1, T. Clark1, D. Gadde1, S. Shelton1, C. 
Eagleson1, J. Klingenberg2, and S. Watkins1, 1University of Arkansas, 
Fayetteville, AR, 2Repreve Renewables, Tifton, GA.

Miscanthus is a genus of perennial grass that can be used as a bedding 
material in broiler houses. This study was designed to measure the effect 
of Miscanthus on broiler performance and paw scores, and evaluate its 
suitability as a poultry bedding material. Parameters measured during 
this first flock of the study include live performance, litter moisture, gait 
score, and paw pad scores. Day-old males from the Cobb 500 female 
line were allocated to 48 pens (25 chicks/pen; 24 pens/Trt) at 0.88 ft2/
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bird, and grown to 42 d. Two different bedding materials comprised 
the 2 treatments. Control consisted of new pine shavings, whereas 
treatment 2 consisted of new, dried Miscanthus cut into 1-inch pieces. 
Live weights, feed conversion, and livability were evaluated at 14, 30, 
and 42 d. Paw scores and litter moisture were measured at 12, 28, and 
41 d. Gait score was measured at 41 d. No significance existed in live 
performance (P ≤ 0.05) for d 14 or 30. Initial litter moisture was 8.6% 
for pine and 14.75% for Miscanthus, and was not significantly different 
at d 12 (P ≤ 0.05). Paw scores were significantly different between the 
2 treatments (P ≤ 0.05) at d 12 and 28. Paw scores on d 12 and 28 from 
Miscanthus pens were significantly higher than pens using pine shavings 
(P ≤ 0.05). Day 12 mean paw score for pine was 0.0034, whereas mean 
paw score for Miscanthus was 0.1739. Day 28 mean paw score for pine 
was 0.5345, compared with a mean paw score of 0.7577 for Miscanthus. 
Although paw scores remain significantly different (P ≤ 0.05) from d 
12 to 28, the pine shaving paw scores increased at a faster rate than the 
Miscanthus paw scores, and both treatments had low incidence of paw 
pad lesions. These results suggest Miscanthus may present slightly 
more challenges to paw pad integrity than pine shavings. However, 
the results also indicate that Miscanthus shows promise as a suitable 
bedding material in the poultry industry.

Key Words: Miscanthus, bedding, paw score, broiler

8   Growth and nutrient intake patterns of meat-type strains 
and heritage breeds of chickens using a self-selection feeding 
program. T. M. Fisher*, A. J. Pescatore, J. P. Jacob, M. A. Paul, M. 
van Benschoten, L. R. Good, A. H. Cantor, and M. J. Ford, University 
of Kentucky, Lexington, KY.

The objective of this study was to model nutrient intake patterns and 
growth performance of different types of chickens when given a self-
selection feeding program. Birds used were 3 meat-type birds (Cornish 
Cross males, Cornish Cross females, Red Ranger males) and males of 3 
heritage breeds (Rhode Island Red, Barred Plymouth Rock, and Black 
Australorp). For each type of bird, 3 replicate groups of 25 chicks, 1 
d of age, were randomly assigned to floor pens at 929 cm2/bird. All 
chicks received a complete diet for the first 14 d, and then were given 
a cafeteria-style self-selection feeding program consisting of 4 feed 
choices provided on ad libitum basis. Feed choices included a protein 
concentrate (39% CP) without added methionine and 3 grains (cracked 
corn, naked oats, and pearl millet) that were similar in energy content, 
but differed in protein content. Feeds were randomly allocated to 4 
identical feeders within each pen. Two to 3 times per week, consump-
tion for each feeder was recorded and the feeder locations were rotated. 
Body weight was recorded weekly. Linear and nonlinear models were 
constructed to describe the growth and nutrient intake patterns for each 
type of bird from 3 wk of age to processing at a BW of 2,300 g. All of 
the linear models for growth vs. time provided a good fit to the data (R2 
= 0.98–0.99). Models for the meat-type birds had significantly steeper 
slopes than those for the heritage breeds (P < 0.01). At any given age, 
the meat-type birds were heavier than the heritage breeds (P < 0.01). 
Intake of feed, kcal of ME, CP, and methionine all showed linear rela-
tionships to BW for meat-type birds (R2 = 0.78–0.95) and a quadratic 
(P < 0.01) relationship to BW for the heritage breeds (R2 = 0.96). At 
any given BW, the meat-type birds consumed more energy, CP, and 
Met than the heritage breeds (P < 0.01). At any given feed intake, the 
meat-type birds consumed less energy, more CP, and more methionine 
than the heritage breeds (P < 0.01). Based on self-selection, the growth 
and nutrient intake patterns varied among the different types of chickens 
and should be considered when rearing these heritage breeds.

Key Words: self-selection, heritage breed, modeling

9   Evaluating portable wire flooring models for inducing bacte-
rial chondronecrosis with osteomyelitis (BCO) in broilers. A. D. 
Gilley*1, H. Lester1, I. Y. Pevzner2, N. B. Anthony1, and R. F. Wide-
man1, 1University of Arkansas, Fayetteville, AR, 2Cobb-Vantress Inc., 
Siloam Springs, AR.

Rearing broilers on flat or sloping wire flooring is an effective method for 
consistently triggering lameness attributable to bacterial chondronecrosis 
with osteomyelitis (BCO). Portable obstacles known as “speed bumps” 
(SB) also consistently trigger modest incidences of BCO when they are 
installed between feed and water lines in litter flooring facilities. Two 
experiments (E1, E2) were conducted to determine the most effective 
broiler age for introducing SB into litter flooring pens, and to evaluate 
alternative configurations of the traditional SB with the expectation that 
amplified mechanical challenges to the legs of broilers should increase 
the incidence of BCO. Broiler chicks obtained from commercial hatch-
eries (lines B and D in E1, lines A and B in E2) were reared in floor 
pens with ad libitum feed and water and a 23L:1D photoperiod. In E1, 
the 5 floor treatments included wood shavings litter only (L), flat wire 
only (W), or litter plus SB installed at 14, 28, or 42 d of age (SB14, 
SB28, SB42). Line B was more susceptible to lameness than Line D 
(25.9% vs. 15.3% for all treatments combined; P = 0.001). Both lines 
developed low incidences of lameness on L (11 to 13%), intermediate 
incidences on SB regardless of day of installation (12 to 23%), and 
high incidences on W (21 to 39%). In E2, broilers were reared with 7 
floor treatments: L, W, SB with a 50% slope (SB50%), SB50% with a 
limbo bar installed over the apex (SBL50%), a SB with a 66% slope 
and limbo bar (SBL66%), SB50% with a nipple water line suspended 
over the apex (SBW50%), and a pagoda-top SB (PT). All SB were 
inserted on d 28. Line B was more susceptible to lameness than Line A 
(20.2% vs. 16.1% for all treatments combined; P < 0.05), and for both 
lines combined, the lameness percentages averaged 7.7%c (L), 29.2%a 
(W), 17.3%b (SB50%), 16.2%b (SBL50%), 21.5%ab (SBL66%), 20.8%b 
(SBW50%), and 11.5%c (PT). These studies demonstrate that portable 
SB can be effectively used to experimentally trigger BCO in broilers.

Key Words: broiler, lameness, BCO, wire floor model, speed bumps

10   Simple environmental modification to cage-reared pullets 
greatly improves efficacy of live coccidiosis vaccines and over-
comes nonuniform vaccine administration. K. R. Price*1, M. A. 
Hafeez1, M. T. Guerin2, and J. R. Barta1, 1Department of Pathobiol-
ogy, University of Guelph, Guelph, ON, Canada, 2Department of 
Population Medicine, University of Guelph, Guelph, ON, Canada.

Coccidiosis caused by Eimeria species is as an emergent issue of 
layers housed in conventional cages. Outbreaks often occur following 
transfer to the production barn. Live Eimeria vaccines administered to 
day old chicks can be used immunize the birds and prevent outbreaks. 
Immunity is initiated by ingestion of a small dose of vaccine oocysts 
and enhanced by fecal-oral transmission of vaccine progeny oocysts 
in the barn (“cycling”). Two factors are needed for a live vaccine to 
reach its full protective potential: (1) uniform administration, and (2) 
environmental control in the barn. Typically, chicks are vaccinated in a 
spray cabinet at the hatchery with a colored spray to encourage oocyst 
ingestion. However, studies have found that this system does not allow 
for complete uniform ingestion. Our preliminary study showed that 
when uniformly vaccinated (via oral gavage) pullets reared with 40% 
cage floor coverage (CFC) with hatchery paper from 0 to 5 wk of age 
and then challenged with mixed Eimeria species, these birds had better 
protection as measured by body weight, oocyst output, and lesion scores 
than birds reared with 0% CFC. We subsequently tested whether non-
uniform vaccine administration in combination with 40% CFC could 
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enhance protection against challenge. Individually identified chicks (n = 
1,232) were randomly selected to receive an oral gavage of live vaccine 
or saline (“contact-vaccinated”), then commingled and reared from 0 
to 5 wk of age with 0 or 40% CFC. At 5 wk, pullets were challenged 
with mixed Eimeria species and assessed after 5 d. Preliminary results 
showed that pullets reared with 40% CFC, regardless of vaccination 
status, had significantly lower mean oocyst output and intestinal lesion 
scores and higher body weight gains than pullets reared with 0% CFC. 
Environmental control in the barn, especially covering 40% of the cage 
floor with hatchery paper, will enhance live vaccine success in the face 
of nonuniform vaccine administration.

Key Words: Eimeria, transmission dynamics, spray vaccine, cage 
rearing

11   Comparison of male and female broiler breeder mating 
behaviors across four different breed strains in a commercial 
setting. E. K. Lhamon* and R. K. Bramwell, University of Arkansas, 
Fayetteville, AR.

The objective of this study was comparing differences in mating and 
courtship behaviors exhibited by 4 different breed strains of broiler 
breeder males and females in a commercial setting. The breed strains 
evaluated were Hubbard M-99 and Cobb MX males and Ross 708 and 
Cobb 500 females. Behaviors observed were male-hen aggression, male-

male aggression, hen-hen aggression, male waltz, male wing flap, male 
neck flare, hen crouch, attempted hen mounts, hens mounted, attempted 
matings, and completed matings. These behavioral characteristics exem-
plify natural mating behavior and can be observed in naturally mated 
breeder flocks. For this study, cameras were set up in commercial broiler 
breeder houses to record activity for 4-h periods in 2 separate houses 
during mid-afternoon. Four observations were from a Hubbard M-99 
and Ross 708 cross and 3 samples were from a Cobb MX and a Cobb 
500 cross. All commercial flocks were managed by the same integrator 
of similar age near 50 wk old. The resulting videos were analyzed and 
behavioral characteristics were tabulated. Each category was further 
separated into instances per hour and significance was held at P < 0.05. 
A significant difference was found regarding male-hen aggression (P < 
0.0072,) hen-hen aggression (P < 0.0275), and overall aggressive behav-
ior (P < 0.0146.) However, no significant difference was determined in 
any of the other categories. We conclude, therefore, that aggressiveness, 
rather than courtship and mating behavior, is significantly different in 
these 2 strain pairings. From a behavioral perspective, general court-
ship behavior in commercial breed strains is not as prevalent as in wild 
populations of birds. However, they do exhibit different levels of court-
ship, which appears to be strain dependent. More studies will need to 
be conducted with more breed strains and different crosses to evaluate 
interactions between male and female breed strain crosses.

Key Words: mating behavior, breeder
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12   Orexin is expressed in avian muscle cells and may regulate 
cell bioenergetics. K. Lassiter*, E. Greene, A. Piekarski, W. Bottje, 
and S. Dridi, Department of Poultry Science, Center of Excellence for 
Poultry Science, University of Arkansas, Fayetteville, AR.

The orexigenic peptide orexin or hypocretin is mainly expressed in mam-
malian brain and has been shown to increase wakefulness, food intake, 
and lipid metabolism. In birds, however, orexin has been confined to the 
brain, testis, and ovary and its role is still unknown. In the present study, 
we found that prepro-orexin and its receptors are expressed (mRNA 
and protein) in quail muscle (QM7) cells using PCR and Western blot 
analysis, respectively. In addition, immunofluorescence staining showed 
that orexin and its receptors are mainly localized in the cytoplasm, 
which has been confirmed by Western blot analysis using cytoplasmic 
and nuclear protein fractions. These data indicate that orexin may have 
paracrine/autocrine signaling in avian muscle cells. Administration of 
recombinant orexin A or B alters the expression of orexin and its recep-
tors in QM7 cells. Orexin-treated cells also showed significantly higher 
levels (P < 0.05) of mitochondrial-related genes (UCP, ANT, NRF1, and 
SKI) compared with untreated cells, indicating a potential role of orexin 
in mitochondrial bioenergetics. Further examination of orexin’s effect 
on QM7 cellular bioenergetics using the XF24 flux analyzer (Seahorse 
Biosciences) showed that mitochondrial oxygen consumption rate 
(OCR) attributed to ATP synthesis increases in response to orexin treat-
ments (that may be dose or isoform dependent). Cells provided orexin 
A (100 nM) or orexin B (10 nM) exhibited higher glycolytic activity 
following inhibition of ATP synthase compared with untreated control 
cells. Together, our data showed for the first time that the orexin system 
is expressed in avian (non-mammalian) muscle cells and that it may 
regulate cellular bioenergetics and ATP synthesis. Research supported in 
part by funding from Arkansas Biosciences Institute (Little Rock, AR).

Key Words: orexin, quail muscle (QM7) cells, mitochondrial bioen-
ergetics, immunofluorescence

13   Molecular staging based on temporal myosin heavy chain 
transcription. J. R. Griffin*, M. S. Lilburn, and M. Wick, The Ohio 
State University, Columbus, OH.

Numerous factors can influence avian embryonic development and this 
results in a relatively low correlation between chronological age (incuba-
tion days) and physiological stage of development. The prevailing stag-
ing system is based on visual morphological embryonic characteristics 
to establish developmental stages, independent of chronological age 
(incubation days) and size. In addition to morphological staging, it is 
fundamentally important to define the temporal transcriptional events 
to better understand the fundamental molecular biological mechanisms 
responsible for embryonic myogenesis. The developmental fast skeletal 
myosin heavy chains (MyHC), the predominant proteins in the pectora-
lis major (PM) during myogenesis, are expressed as a cadre of highly 
specific temporal and spatial developmental isoforms. The hypothesis 
is that the temporal transcription of MyHC isoforms are correlated 
with the transcription of muscle-specific genes that are critical to PM 
muscle growth and development and can be used as a molecular staging 
mechanism of development. The goal of this study was to use a novel 
molecular method, based on a quantitative analysis of the transcriptome, 
to characterize the developmental stages in embryonic PM in the Single 
Comb White Leghorn (SCWL) during myogenesis. Tissue samples from 
the embryonic PM were collected daily from d 5 through 19. RNA was 

isolated and gene transcription analysis was quantified using NanoString, 
which digitally detects and quantifies selected target genes. Data were 
analyzed using the LOESS smoothing function at a 95% confidence 
level. Results confirmed that the temporal transition of MyHC isoforms 
transcription we obtained in the SCWL were consistent with the literature 
at greater resolution. These data established a “molecular clock” for 
embryonic fast skeletal muscle growth and development.

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

14   Transcriptional events underlying avian myogenesis. J. R. 
Griffin*, M. S. Lilburn, and M. Wick, The Ohio State University, 
Columbus, OH.

In a previous study we reported the use of a novel quantitative transcrip-
tomic method to establish the temporal transcription of the develop-
mental fast skeletal muscle myosin heavy chains as a molecular staging 
mechanism. The hypothesis is that the temporal expression of MyHC 
isoforms are correlated with the expression of muscle-specific genes 
that are critical to PM muscle growth and development. In a test of this 
hypothesis we used a control Single Comb White Leghorn (SCWL) 
line and an intermediate dystrophic line (LSN) reported to exhibit 
breast muscle anomalies post-hatch. The previously established staging 
mechanism was used to investigate the relationship between temporal 
MyHC isoform transcription and the correlated transcription of known 
myogenic transcription and regulatory factors in the embryonic PM 
in the 2 unique poultry lines. Tissue samples from the embryonic PM 
were collected at d 5 through 19 from SCWL and LSN embryos. RNA 
was isolated and transcription was quantified using NanoString, which 
digitally detects and quantifies selected target genes. Data were analyzed 
using the LOESS smoothing function at a 95% confidence level. Our 
results reveal differences in the quantitative temporal transcription of 
the MyHC isoforms between the SCWL and LSN with shifts in peak 
transcription being different. Transcription of the first embryonic 
MyHC isoform, Cemb1, and MyoD, a known myogenic regulator factor 
(MRF) had similar transcription patterns. The second MyHC isoform, 
Cemb2, and Myf5, another MRF, also had similar transcription patterns. 
Transcription of MyoD and Cemb1 in the SCWL was upregulated on 
d 15 and 16 over LSN followed by upregulated expression of LSN 
over SCWL on d 17 and 18. Myf5 and Cemb2 in the SWCL showed 
a decrease and subsequent increase in transcription, while at the same 
time expression peaked in the LSN and subsequently decreased. These 
data allowed us to describe temporal transcription of regulatory factors 
at identical development stages, aiding in informed genetic selection and 
ultimately assisting in the identification of biomarkers for the selection 
of breed stock.

Key Words: pectoralis major (PM), myosin, isoforms, myogenesis, 
transcription

15   Implications of incubation temperature modulation on type 
X collagen expression in embryonic duck skeletal development. 
A. L. Prickett*1, M. S. Lilburn2, and M. P. Wick1, 1The Ohio State 
University, Columbus, OH, 2The Ohio State University, Wooster, OH.

Optimal temperature regulation is an important component of avian 
incubation and the process of embryonic development can be acceler-
ated by even small increases in incubation temperature. In the current 
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study as well as previous studies in our laboratory, it was shown that an 
increase in temperature from 37.5°C to 38.5°C during early incubation 
(0 to 10 d) increased embryonic body weight during mid-incubation 
(approximately 10 to 18 d) in duck embryos. The aim of this project 
was to specifically study the effects of increased incubation temperature 
on skeletal development in duck embryos. The femur and tibiotarsus 
of White Pekin ducks were collected at various stages of embryonic 
development. RNA was isolated from these tissues and used to make 
corresponding complementary DNA. This cDNA was then used for a 
polymerase chain reaction (PCR) with a primer for type X collagen 
found in the literature and the amplicon produced was consistent with the 
220 base pair fragments reported in the literature. Type X collagen is a 
marker specific to hypertrophic chondrocytes, which are associated with 
the terminal maturation of cartilage before the onset of mineralization. It 
was observed that type X collagen was expressed in embryos collected 
from both temperature treatments as early as d 4 of incubation. These 
preliminary results suggest that increasing the incubation temperature 
early in embryogenesis was not specific to cartilage maturation as 
determined by type X collagen expression.

Key Words: incubation, temperature, duck, skeleton, cartilage

16   Genetic analysis of leg problems and growth in a random 
mating meat-type population. F. González-Cerón*1, A. B. Kar-
nuah1, R. Rekaya2, N. B. Anthony3, and S. E. Aggrey1, 1Department 
of Poultry Science, University of Georgia, Athens, GA 2Department 
of Animal and Dairy Science, University of Georgia, Athens, GA 
3Department of Poultry Science, University of Arkansas, Fayetteville, 
AR.

Improvement in growth has been widely reported as the cause of leg 
problems in broiler chickens. We report herein the genetic relationship 
between growth and leg problems in a random mating broiler control 
population. The traits studied were valgus (VL), varus (VR), and tibial 
dyschondroplasia (TD), which were expressed on a binary scale of 0 
(normal) and 1 (abnormal) and growth rates from 0 to 4 (BWG 0–4), 
from 0 to 6 wk of age (BWG 0–6), and residual feed intake from 5 to 6 
wk of age (RFI 5–6). We used a threshold-linear mixed model for the 
joint analysis of the categorical and linear traits. Incidences of VL, VR, 
and TD were 26, 4, and 2%, respectively. Heritability of leg problems 
ranged from 0.11 to 0.13. Phenotypic correlations pointed to an unfa-
vorable relationship between growth and leg problems; however, the 
genetic relationship between growth and leg problems was extremely 
weak, ranging from −0.02 to 0.08. There is, therefore, a basis for genetic 
improvement in leg problems; however, improved management prac-
tices would also go a long way to reduce incidence of leg problems in 
broiler chickens.

Key Words: varus, valgus, tibia dyschondroplasia, growth, feed 
efficiency

17   Using RNA-seq to characterize the biological basis of varia-
tion in feed efficiency in broiler chickens. N. Zhou*1, W. R. Lee2, 
and B. Abasht1, 1University of Delaware, Newark, DE, 2Heritage 
Breeders, Princess Anne, MD.

Despite tremendous progress in improving feed efficiency (FE) in chick-
ens, a significant portion of feed—a highly valuable commodity—is 
still wasted because of poor efficiency of nutrient utilization. A further 
consequence is that an excess of manure is produced, causing environ-
mental concerns in regions with intense poultry production. Therefore, 

from both economic and environmental standpoints, efficient use of feed 
is vital for sustainable poultry production. Although different selection 
criteria have been used for improving FE in broilers, biological basis 
of differences in chicken FE is not well understood. To develop more 
efficient selection strategies and to foresee potential long-term issues 
that may arise by selection for high FE, a more profound understand-
ing of this highly complex trait is needed. Using a high-throughput 
RNA sequencing approach and breast muscle samples from chickens 
with extreme high and low FE, our research aims to characterize the 
biological basis of variation in FE in broiler chickens. Total RNA was 
isolated from breast muscle samples harvested from 10 high and 13 
low FE chickens at 7 wk of age. Using Truseq Stranded RNA Prep kit 
(Illumina, San Diego, CA), each sample was converted to a uniquely 
indexed cDNA library, and the resulting cDNA libraries were pooled 
and sequenced on an Illumina Hiseq 2000 sequencer. On average, about 
34 million short sequence reads (2 × 75 nucleotides) were produced for 
each sample. We analyzed the sequence data using bioinformatics tools 
Tophat and Cufflinks and detected 1,059 genes differentially expressed 
between the high and low FE chickens. Network analysis of these genes 
suggests that anabolic pathways; for example, growth hormone and 
insulin receptor signaling pathways, are more activated in the high FE 
chickens compared with the low FE birds, partly explaining the feed 
efficiency advantage of the high FE birds. Overall, results suggest that 
many genes and biological pathways in breast muscle contribute to FE 
in broilers, and provide important insights into the molecular basis of 
variation in broilers’ FE.

Key Words: chicken, feed efficiency, gene expression, breast muscle, 
RNA-seq

18   Sperm-mediated transgenesis in chicken using a PiggyBac 
transposon system. E. S. Quansah*1,2, J. A. Long2, D. M. Dono-
van2, S. Becker2, J. Foster-Frey2, B. P. Telugu2, and N. A. R. Urwin1, 
1Charles Sturt University and Graham Center for Agricultural 
Innovation, Wagga Wagga, New South Wales, Australia, 2Beltsville 
Agricultural Research Center, ARS, USDA, Beltsville, MD.

Toward development of transgenic chickens without the use of viral 
vectors, we are studying factors affecting sperm mediated gene transfer 
(SMGT) using a PiggyBac vector. The plasmid pPBCAG-GFP contains 
13-bp terminal invert repeats flanking a GFP gene driven by the CAG 
promoter. A helper plasmid containing a PiggyBac transposase gene 
is co-transformed to cause transposition of the GFP gene into TTAA 
chromosomal sites. Lipofectamine LTX (LPX; Invitrogen) is a new 
generation transfection agent with low toxicity reportedly able to infect 
a wide range of cell types. Our experiments examined the effects of LPX 
and DNA on sperm which had been purified from seminal fluid using 
Accudenz gradient centrifugation. The effect of LPX alone (5, 10 or 15 
µL) or in combination with the pPBCAG-GFP (5, 10, or 15 µg) on sperm 
viability and mobility at 25°C and 41°C (chicken body temperature) was 
studied by flow cytometry. Sperm viability was >90% with up to 3 h of 
incubation for all treatments. Similarly, LPX alone or in combination 
with pPBCAG-GFP had little effect on sperm viability (~90%) or mobil-
ity (~0.1) at 25°C for up to 3 h of incubation. A total of 2 × 108 sperm 
(purified from seminal plasma) transformed with 15 µL of LPX and 15 
µg of pPBCAG-GFP DNA (1 h; 25°C) was inseminated into 13 White 
Leghorns hens. Additional hens were inseminated with untransformed 
sperm (negative control) or with LPX treated sperm (positive control). 
Egg fertility at d 6 of incubation resulting from negative control, posi-
tive control, and pPBCAG-GFP transformed sperm was 17.4, 7.7, and 
14.3%, respectively. These results demonstrate that a combination of the 
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plasmid and LPX did not negatively affect viability, mobility, or fertility 
of chicken sperm; however, the low fertility seen over all treatments and 
controls suggests that purification of the sperm compromised fertility.

Key Words: chicken, Lipofectamine LTX, PiggyBac, transformation, 
viability

19   Site-specific recombination in transgenic chicken-derived 
cells. H. J. Lee*, H. C. Lee, Y. S. Hwang, Y. M. Kim, Y. H. Park, T. 
S. Park, and J. Y. Han, WCU Biomodulation Major, Department of 
Agricultural Biotechnology, Seoul National University, Seoul, Korea.

Site-specific recombination technology has been used a useful tool for 
genetic modification as well as studying the specific gene itself by the 
targeted introduction of exogenous gene cassette. In spite of the rapid 
development of genetic recombination technology, few successful stud-
ies have been reported in avian species which have lots of benefits as an 
animal model. Therefore, here we applied the site-specific recombination 
technology in avian species, chicken. First, we produced transgenic 
chickens that have the recombinase recognition target sequences medi-
ated by transposon system and analyzed the transposon integration site. 
Then, we performed the site-specific recombination in the transgenic 
chicken derived cells that have one identified integration site. As a 
result, the gene cassette of donor plasmid was successfully integrated 
into predetermined genomic loci in the cells that co-transfected with 
recombinase and donor plasmids. In conclusion, site-specific recombina-
tion could be widely applied to avian genome rearrangement, and will 
facilitate the practical use of chicken as an animal model.

Key Words: site-specific recombination, transgenic chicken, avian

20   Development of a heterophil extracellular trap assay to 
determine the effect of broiler chick age and sex on ex vivo innate 
immunity against Escherichia coli. M. Cho* and D. R. Korver, 
University of Alberta, Edmonton, AB, Canada.

Young chicks rely on innate immunity early in life as adaptive immu-
nity matures. However, relatively little is known about immune system 
development in the young chick. A novel assay was developed to assess 
the involvement of the heterophil extracellular trap (HET), in which 
heterophils release DNA to trap and ultimately kill invading pathogens, 
in early chick innate immune function. First, an ex vivo assay to measure 
HET was developed using blood from Single-Comb White Leghorn 
hens. Then, an experiment was conducted to measure the effect of chick 
(Ross × Ross 308) age and sex on ex vivo Escherichia coli bactericidal 
activity, phagocytic capacity, phagocytic activation, and HET at 1, 4, 
6, and 8 d of age. Phagocytic capacity is the proportion of phagocytic 
cells that engulfed at least 1 E. coli bioparticle and phagocytic activation 
is the average number of E. coli bioparticles engulfed by each cell, as 
measured using flow cytometry. HET is expressed as percentage exter-
nalized DNA relative to total DNA. Proc MIXED of SAS was used for 
statistical analysis; differences were considered significant at P < 0.05. 
There were no interactions of age and sex. The % HET was higher in 
male (36.55 ± 2.09%) than in female chicks (29.20 ± 2.29%). Surpris-
ingly, bacterial killing was greater at 1, 4, and 6 d (64.23 ± 6.92%, 72.89 
± 3.72%, 82.08% ± 3.67%, respectively) compared with that at 8 d of 
age (31.61 ± 9.06%). Phagocytic capacity did not follow a clear pat-
tern with age; phagocytic activation was greater at 4 d (17,021 ± 2,028 
relative fluorescence units) than at 1 and 6 d (9,464 ± 3,642 and 10,143 
± 1,967 relative fluorescence units, respectively). However, HET was 
greater at d 1 (51.01 ± 6.37%) than at any other age (ranging from 23.96 
to 29.76 ± 3.35 to 8.17%). This suggests that HET plays an important 

role in early immune protection. The novel HET assay is a useful tool 
to measure innate immunity in chickens.

Key Words: innate immunity, heterophil extracellular trap, Esch-
erichia coli, age, broiler

21   Effects of proinflammatory cytokine stimulation on calbi-
ndin-D28K gene and protein expression in the uterine mucosa 
of hens. T. Nii*, N. Isobe, and Y. Yoshimura, Hiroshima University, 
Higashi-Hiroshima, Japan.

Calbindin-D28k plays a primary role in Ca2+ transportation for eggshell 
formation. Infection by avian infectious bronchitis virus (IB virus) in 
the oviduct leads to disorder of eggshell formation. We have indicated 
that gene expressions of proinflammatory cytokines (IL-1β and IL-6) 
were increased, but that of calbindin-D28K (calbindin) was decreased 
in the uterus after attenuated IB virus treatment. In addition, IL-6 
receptor was expressed in the uterine glandular cell. We speculated that 
proinflammatory cytokines produced in response to infection affect the 
expression of calbindin gene. The aim of this study was to determine 
the effects of IL-1β and IL-6 on expression of calbindin in the hen 
uterine mucosa. Uterine mucosa tissues collected from White Leghorn 
laying hens were cultured in TCM-199 medium with or without chicken 
recombinant IL-1β or IL-6 at concentrations of 0 to 1,000 ng/mL for 
1.5 or 3 h. Total RNA and protein were extracted from the cultured tis-
sues. Gene expression of calbindin was analyzed by real-time PCR, and 
protein density of calbindin was analyzed by Western blot. Calbindin 
gene expression was significantly higher in the 100 or 1000 ng/ml IL-1β 
group and in the 10 or 100 ng/mL IL-6 group than in the control group 
at 1.5 h of culture (P < 0.05). However, no difference was observed in 
the 3 h culture between control and IL-1β or IL-6 treatment groups. In 
contrast, the density of calbindin protein was significantly lower in the 
100 or 1000 ng/mL IL-1β or IL-6 group at 1.5 h, and IL-6 group at 3 h 
of incubation (P < 0.05). These results suggest that IL-1β and IL-6 may 
temporarily increase the gene expression and decrease protein synthesis 
of calbindin in hen uterine mucosa at the early stage of stimulation. We 
assume that these proinflammatory cytokines may affect translation of 
calbindin-D28K gene to its protein synthesis.

Key Words: calbindin-D28K, IL-1β, IL-6, oviduct, uterine mucosa

22   Monitoring leukocyte recruitment in chicken blood and 
feather pulp during the inflammatory response to lipopolysaccha-
ride (LPS). K. A. Byrne*, O. Alaamri, and G. F. Erf, University of 
Arkansas, Fayetteville, AR.

In chickens, intravenously injected LPS (cell wall component of gram-
negative bacteria) was shown to activate monocytes/macrophages as 
well as recruit leukocytes into the blood and organs (Bowen et al., 
2009). We established intradermal (pulp) injection of growing feathers 
as a minimally invasive test-site to monitor the in vivo tissue effects of 
various substances. The purpose of this study was to monitor qualitative 
and quantitative aspects of leukocyte recruitment into feather pulp and 
blood after intradermal injection of LPS into growing feathers. Growing 
feathers of twelve 16-wk-old, layer-type roosters were injected with 
either 10 µL of sterile, endotoxin-free PBS or 10 µL of 1 mg/mL LPS 
per feather (18 feathers/chicken). Blood and 3 feathers were collected 
at each time point: 0 (before injection), 2, 4, 8, and 24 h post-injection. 
For each time point, blood leukocyte concentrations were determined 
using an automated hematology analyzer. Feather pulp cell suspen-
sions were immunofluorescently stained to determine recruitment of 
heterophils, macrophages, and lymphocyte subpopulations (% of pulp 
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cells). Heterophil concentrations in the blood decreased substantially (P 
< 0.001) from 4.94 ± 0.34 to 0.81 ± 0.12 × 103/µL (K/µL) at 2 h post-
LPS injection, returned to normal at 4 h, increased above control levels 
at 8 h (22.29 ± 2.1), and began returning to normal at 24 h. Monocyte 
and lymphocyte concentrations in the blood also decreased at 2 h (P < 
0.01), but returned to normal levels at 8 h for monocytes and 24 h for 
lymphocytes. In the tissue, heterophil proportions were not different (P 
> 0.05) from PBS-injected feathers at 0 or 2 h, but increased 20-fold at 4 
h post-LPS injection to 23.2 ± 2.21% of pulp cells, continued increasing 
at 8 h to 33.7 ± 4.88%, and began decreasing at 24 h to 26.5 ± 1.66%. 
Macrophage proportions in the feather tissue were not different (P > 
0.05) from controls at 0, 2, or 4 h, but increased 6-fold at 8 h and began 
returning to normal at 24 h. We conclude that intradermal LPS injection 
into growing feathers results in significant leukocyte recruitment into 
the blood with corresponding recruitment levels reflected in the tissue 
a few hours later.

Key Words: LPS, intradermal injection, inflammation, leukocytes

23   Cloning and functional characterization of the turkey mac-
rophage migration inhibitory factor. M. Park*, S. Kim, and R. A. 
Dalloul, Virginia Tech, Blacksburg, VA.

Macrophage migration inhibitory factor (MIF) is a soluble protein factor 
that inhibits the random migration of macrophages and plays a pivotal 
immunoregulatory function in innate and adaptive immunity. The aim of 

this study was to clone the turkey MIF (TkMIF) gene, express the active 
protein, and characterize its basic function. The full-length TkMIF gene 
was amplified from total RNA extracted from turkey spleen, followed 
by cloning into a prokaryotic (pET28a) and a eukaryotic (pcDNA3.1) 
expression vectors. Sequence analysis showed that TkMIF consists of 
115 amino acids with 12.6 kDa molecular weight. Multiple sequence 
alignment revealed 100% and 65% identity with chicken and duck 
MIF, respectively, while TkMIF shared 93 and 67% identity with zebra 
finch and falcon MIF, respectively. Recombinant TkMIF (rTkMIF) was 
expressed in Escherichia coli and purified using Ni+-resin and endo-
toxin removal. SDS-PAGE analysis revealed an approximately 12 kDa 
rTkMIF monomer in soluble form, similar to chicken MIF. Because there 
is 100% identity between turkey and chicken MIF, Western blot analysis 
with anti-chicken MIF antibody detected monomer (12 kDa) and dimer 
(24 kDa) forms of TkMIF. Further, a chemotaxis assay performed using 
a modified 48-well Boyden chamber and Diff-Quick staining resulted in 
reduced migration of macrophages by rTkMIF (P < 0.05). In conclusion, 
TkMIF shares sequence and functional similarities with chicken MIF 
and further research of its role in turkey immune responses is warranted.

Key Words: macrophage migration inhibitory factor, turkey, chemo-
taxis, immunity
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Student Competition: Nutrition I

24   Ileum and cecum microbiota of broiler chickens in response 
to low calcium and available phosphorous diet supplemented 
with fructooligosaccharide. Y. Shang*1, H. Derakhshani1, E. Khafi-
pour1, J. H. Kim2, and W. K. Kim3, 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, 3Department of Poul-
try Science, University of Georgia, Athens, GA.

The effect of low calcium (Ca) and available phosphorus (P) diet and 
prebiotic fructooligosaccharide (FOS) supplementation on ileum and 
cecum microbiota of broiler chickens was investigated in a 3-wk trial. 
Three dietary treatments were randomly assigned to 4 replicate cages 
of 5 birds each, including positive control (PC), a wheat-corn-soybean 
meal based diet according to NRC requirements; negative control 
(NC), as PC with 0.2% reduced Ca and available P; and NC+FOS, as 
NC supplemented with 0.5% of FOS. Ileum and cecum digesta from 1 
bird per replicate (n = 12) 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 per-
formed using QIIME. Statistical difference was determined by 2-way 
ANOVA and permutational MANOVA. On average, 24,216 sequence 
reads per sample were generated, resulting in 800 and 1,280 operational 
taxonomic units in the ileum and cecum digesta, respectively. Species 
richness and diversity, number of observed species and abundances of 
several phyla, including Cyanobacteria, Firmicutes, and Proteobacteria 
were different (P < 0.0001) between ileum and cecum digesta. Treat-
ment effect on β-diversity was significant (P < 0.05) in the ileum but 
not in the cecum. In ileum digesta, Salinibacterium and Lysobacter 
were positively correlated to PC but negatively to NC and NC+FOS. 
Blautia, Fecalibacterium and Pseudomonas were positively correlated 
to NC, whereas Pseudonocardia and CF231 were negatively correlated. 
Lactobacillus and Escherichia were found to be more abundant in 
NC+FOS. In the cecum digesta, richness, phylogenetic diversity and 
the number of observed species were higher (P < 0.05) in PC compared 
with NC+FOS. Butyrivibrio and Allobaculum were positively correlated 
with PC; Clostridium and Anaerotruncus were positively correlated with 
NC+FOS but negatively correlated with PC and NC; and Escherichia 
and Proteus were negatively associated with NC. Data showed that 
the cecum microbiota was richer than that of ileum and that NC and 
NC+FOS altered the ileum microbiota and the richness of cecal content.

Key Words: fructooligosaccharide, microbiota, sequencing

25   Effects of available phosphorus levels on growth perfor-
mance, bone quality, and body composition in broiler chicks fed 
diets with or without antibiotic growth promoters. B. Starkey* 
and W. K. Kim, University of Georgia, Athens, GA.

Phosphorus levels can be manipulated to provide optimal phosphorus 
levels for bird nutrition. Antibiotics are commonly added to broiler diets 
to increase flock health and to promote growth. Growth performance, 
bone quality, and body composition in broiler chicks were studied as a 
function of increasing available phosphorus (avP) and antibiotics. Four 
hundred eighty 1-d-old male Cobb 500 chicks were randomly assigned 
to 60 battery pens. Ten dietary treatments with 6 replications/treatment 
(8 birds/pen) were used. Dietary treatments comprised a 2 × 5 factorial 
arrangement with 5 levels of avP (0.30, 0.35, 0.40, 0.45, and 0.50%) 
and 2 levels of antibiotics (0 and 0.05%). Parameters measured for this 

experiment were body weight (BW), body weight gain (BWG), and feed 
conversion ratio (FCR); a DEXA scanner was used to measure bone 
mineral content (BMC), bone mineral density (BMD), fat%, lean, fat, 
and total weight of one bird from each pen throughout the trial. Statis-
tics were computed using SAS Proc GLM, and means were separated 
using Tukey’s mean separation test. Antibiotics only had a significant 
effect on fat% and weight at wk 3 (P = 0.006 and 0.0304, respectively). 
A significant effect from avP was observed in fat% at wk 1 and 3 (P = 
0.0247 and P < 0.0001, respectively). There was an interaction on fat% 
between avP level and antibiotic level at wk 1 (P = 0.0082). In both 
cases, higher levels of avP resulted in higher levels of fat and weight. 
Both BMD and BMC were significantly affected by avP levels at wk 
1, 2, and 3 (P = 0.0173 and 0.068 for BMD and BMC at wk 1, and P 
< 0.0001 for wk 2 and 3); 0.50% avP treatment significantly increased 
BMD and BMC compared with 0.35 or 0.30% avP treatments. In addi-
tion, increasing avP increased tissue weight and lean weight at wk 2 (P 
= 0.0011 and 0.0021, respectively). Body weight gain was affected by 
phosphorus at wk 2 (P = 0.0125) and BW at wk 2 and 3 (P < 0.0001 
and P = 0.0323, respectively), with higher levels of avP showing more 
positive response. Overall, it was observed that increasing avP levels 
positively affected growth measurements, but no interaction was found 
with antibiotics.

Key Words: broiler, phosphorus, antibiotics, bone quality, body 
composition

26   HiPhos dose effects in practically formulated diets that 
vary in ingredient composition on formulation cost and broiler 
performance. J. W. Boney* and J. S. Moritz, West Virginia Univer-
sity, Morgantown, WV.

Ingredient variation and use of enzymes can affect diet cost, milling 
efficiency and broiler performance. The objectives of this study were to 
describe the manufacture and feeding effects of a corn, soybean meal, 
and wheat based diet with varying levels of meat and bone meal (mbm), 
dicalcium phosphate, distillers dried grains and solubles (DDGS), and 
Ronozyme HiPhos phytase. Treatments comprised a 3 × 3 factorial 
arrangement that varied in phytase (0, 900, and 5,000 FTU/kg) and 
mbm/DDGS incorporation (low mbm, high mbm, and high mbm and 
DDGS). Low mbm, high mbm, and DDGS inclusion was approximately 
5, 8, and 5% of the diet formulation respectively. Phytase inclusion 
decreased dietary nPP and total Ca in the formulation by 0.12 and 0.1% 
respectively. Based on February 2014 pricing, low and high phytase 
incorporation to high mbm diets decreased cost by $9.21 and $7.49 per 
short ton respectively across all growth phase diet formulations relative 
to the low mbm diets without phytase. All diets were steam conditioned 
at 79°C for 10s, extruded through a 4.7 × 38 mm die, and fed as crumbles 
in the starter and grower phases and pellets in the finisher phase. Phytase 
activity was evaluated using AOAC procedures and demonstrated an 
average HiPhos thermal stability of 87%. Ten replicate pens of straight-
run Hubbard × Cobb 500 chicks were fed one of 9 dietary treatments for 
38 d. Data were analyzed in a randomized complete block design using 
the GLM procedure of SAS. The 5,000 FTU/kg HiPhos dose improved 
gain and feed conversion ratio (FCR) in the starter phase and gain in 
the grower phase across formulations (P < 0.05). A phytase by mbm/
DDGS interaction affected 1 to 38 d FCR (P = 0.0014), demonstrating 
that diets without phytase showed improved FCR in low mbm diets and 
a 5,000 FTU/kg HiPhos dose improved FCR in high mbm diets. The 
performance improvement associated with the 5,000 FTU/kg HiPhos 
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dose was likely not associated with meeting bird phosphorus require-
ment. Incorporation of high levels of phytase in diet formulations may 
be a cost effective method to improve broiler performance.

Key Words: phytase, cost, broiler, performance, pellet

27   Withdrawn

28   Comparing the bioactivity of 25-OH-vitamin D3 (Bio-D) to 
cholecalciferol for starter broiler growth performance and bone 
mineralization. J. Fowler*1, M. Hashim1, A. Haq1, O. Gutierrez2, 
and C. A. Bailey1, 1Texas A&M University System, College Station, 
TX, 2Huvepharma Inc., Peachtree, GA.

In this study, 2 dietary sources of vitamin D (cholecalciferol and Bio-D, 
as a source of 25-OH-D3) were evaluated for their effect on broiler 
growth performance and bone mineralization. Treatments were assigned 
as a 2 × 5 factorial arrangement with a common negative control. A total 
of 330 Ross-308 broiler chicks (females, 1 d old) were placed 5 birds 
per pen into 6 pen replicates for each of the 11 treatments. A custom 
vitamin premix and corn oil were used to formulate a single mash corn-
soy basal diet devoid of cholecalciferol, and then treatment diets were 
subdivided and supplemented with 1.56, 3.13, 6.25, 12.50, and 25 ppb 
of vitamin D metabolite from the 2 products (40 kIU/mg assumed).
All birds were fed negative control diet for the first 9 d to deplete them 
of residual maternal D3 stores. Birds were then fed their respective 
treatment diets for 14 d. Minimal fluorescent lighting was maintained 
to reduce endogenous formation of cholecalciferol. On d 23, all birds 
were killed and the right tibia from each bird was collected for bone 
ash (%) determination. Data were analyzed as a 2 × 5 full-factorial for 
vitamin D source and dose using the GLM procedure of SPSS, with 
dosage means separated using Duncan’s multiple range tests (P ≤ 0.05). 
In the presence of a significant source x dose interaction, the particular 
variable was analyzed via one-way ANOVA. There was a main effect 
for vitamin D product, with Bio-D outperforming equivalent amounts 
of cholecalciferol. For weight gain and BW, there was a significant 
effect for both vitamin D products when compared with the negative 
control treatment, confirming that a D3 deficiency was created. Both 
weight gain and BW peaked at 3.13 ppb. For tibia ash, all doses for both 
products were again significantly greater than the negative control. Also, 
as vitamin D increased to 12.50 ppb, bone ash was significantly higher 
than the lowest dose of 1.56 ppb.

Key Words: cholecalciferol, 25-OH D3, tibia ash, broiler

29   Skin quality and pododermatitis in broilers fed organic 
trace minerals and vitamin E. C. Sanfelice*1, A. A. Mendes1, E. F. 
Aguiar1, B. B. Martins1, D. M. Rodrigues1, E. L. Milbradt1, M. R. F. 
B. Martins2, G. S. Prado1, M. M. P. Sartori3, B. C. S. Fernandes1, N. 
L. C. Delbem1, and C. T. Santos1, 1School of Veterinary Medicine and 
Animal Science, São Paulo State University, Botucatu, São Paulo, 
Brazil, 2Biosciences Institute, São Paulo State University, Botucatu, 
São Paulo, Brazil, 3Agricultural Sciences, São Paulo State Univer-
sity, Botucatu, São Paulo, Brazil.

Carcass quality is not only a significant economic trait but also an 
important welfare issue. The use of organic minerals in association 
with vitamin E could improve carcass quality by enhancing intestinal 
absorption and utilization of nutrients by the bird. This study aimed at 

evaluating the effect of the dietary supplementation of organic zinc (Zn), 
selenium (Se), and vitamin E (Vit E) on skin lesions (bruises, dermatitis, 
cellulitis, scratches), pododermatitis incidence and skin strength in broil-
ers. A completely randomized experimental design in a 3 × 2 factorial 
arrangement of 3 dietary Vit E levels (100, 150, and 200 IU/kg feed), 2 
sources of minerals, inorganic or organic (0.3 mg of selenium organic/
kg of feed and 45 mg of organic zinc/kg of feed), plus a positive control 
diet (commercial premix) was used. In total, 1,260 broilers were reared 
(6 replicate pens of 30 birds per treatment; 7 treatments) to 42 d of age. 
Pododermatitis incidence and severity was assessed for both right (RF) 
and left feet (LF) in all the birds on a 3-point scale. At 42 d, 10 birds 
per pen (420 total) were processed to determine the incidence of skin 
lesions, as well as skin strength. Skin samples were also collected for 
histological examination. Multinominal data was subjected to the test 
of Goodman, the remaining data to ANOVA, and means were separated 
by Tukey’s test at P < 0.05. The overall incidence of pododermatitis 
was 72.5% (LF) and 68.6% (RF). The severity of pododermatitis did not 
differ (P > 0.05) between LF and RF and was not influenced consistently 
by the dietary treatments. None of the skin lesions measured was affected 
by Vit E and mineral supplementation; however, birds fed organic Se 
and Zn showed significantly thicker epidermis and collagen deposition 
upon histological examination. In this study, dietary Vit E and mineral 
treatments had little effect on skin quality parameters.

Key Words: chicken, collagen, lesion, selenium, zinc

30   Effect of dietary canthaxanthin and 25-hydroxycholecalcif-
erol on performance of duck breeder fed two levels of vitamins. 
Z. Z. Ren*1, S. Z. Jiang1, Q. F. Zeng1, X. M. Ding1, S. P. Bai1, J. P. 
Wang1, Y. H. Luo1, Z. W. Su1, Y. Xuan1, B. Yao2, F. Cisneros3, and K. 
Y. Zhang1, 1Sichuan Agricultural University, Chengdu, China, 2DSM 
(China) Ltd., Shanghai, China, 3DSM Nutritional Products Ltd., 
Wurmisweg, Kaiseraugst, Switzerland.

A total of 1,560 Cherry Valley female ducks and 312 drakes were used 
to assess if the addition of canthaxanthin (CX) and 25-hydroxychole-
calciferol (25-OH-D3) could improve the reproductive performance 
under 2 vitamin dietary regimens. There were 4 diets in a 2 × 2 factorial 
arrangement with 2 vitamin premixes (low and high, the high premix had 
higher levels of all vitamins except K3 than low premix) and 2 levels of 
CX (0, and 6 mg/kg) and 25-OH-D3 (0, and 0.069 mg/kg). Each treat-
ment had 3 pens with 130 female ducks and 26 drakes per pen, with the 
drake: hen ratio maintained to 1: 5. The ducks were fed ad libitum in 
pellet diets of corn-wheat flour-based from 38 to 77 wk of age. Laying 
performance was calculated weekly, egg quality was measured 5 times 
and incubation responses were measured 9 times during the trial. Data 
were analyzed by ANOVA as a 2 × 2 factorial using GLM procedures 
of SPSS 17.0. Addition of CX and 25-OH-D3 decreased the cracked 
egg rate (P = 0.001) and increased yolk pigmentation (P < 0.001). 
Hatchability of fertile eggs was increased (P = 0.029) by high vitamin 
premix. Interactive effects of the 2 factors was observed in cracked egg 
rate (P = 0.038) and shell thickness (P = 0.011). Cracked egg rate was 
minimized when duck breeders were fed the high vitamin premix with 
addition of CX and 25-OH-D3. The shell thickness was increased by the 
2 factors together. In conclusion, dietary high vitamin premix and the 
addition of CX and 25-OH-D3 improve egg quality and reproductive 
performance of duck breeders.

Key Words: canthaxanthin (CX), 25-hydroxycholecalciferol (25-
OH-D3), vitamin premix, performance, duck breeder
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31   Evaluation of 25-hydroxy vitamin D3 supplement in male 
broilers on performance and serum parameters. T. Allcorn*1, M. 
Williams1, R. Latham1, O. Gutierrez2, and J. Lee1, 1Poultry Science 
Department, Texas A&M AgriLife Research, College Station, TX, 
2Huvepharma Inc., Austin, TX.

An experiment was conducted to evaluate the performance of broilers 
fed supplemental vitamin D included in corn-soybean meal diets. The 
experimental design consisted of 4 dietary treatments in a 2 × 2 factorial 
including a positive control (2,475 IU of D3/kg), a vitamin D3-deficient 
negative control (165 IU of D3/kg), and 25-OH D3 supplement added at 
a rate of 34.8 ppb into each control throughout all dietary phases. Each 
treatment included 8 replicate pens containing 35 male broilers placed 
per treatment group (1,120 total placement). Chicks were administered 
spray coccidiosis vaccination at day of age. Dietary program consisted of 
a 3-phase program: starter, grower, and finisher. Broilers were weighed 
and feed consumption was determined on d 14, 28, and 39. On d 36, 
blood samples were taken to determine vitamin 25-OH D3 levels in the 
serum. Data were analyzed using a 2 × 2 factorial ANOVA with main 
effect means deemed significantly different at P < 0.05. If interactions 
were present, one-way ANOVA was used to determine differences 
between treatment means. At the conclusion of the trial, we observed 
no significant differences between treatments with regards to average 
body weight. The PC yielded a significantly lower (P < 0.05) FCR than 
the NC for the starter phase, and the supplementation of 25-OH D3 into 
the NC significantly reduced (P < 0.05) FCR compared with the NC, 
similar to that of the PC. Further, PC yielded a significantly lower (P 
< 0.05) mortality than the NC, and the supplementation of 25-OH D3 
into both controls resulted in mortality values similar to the PC. PC 
yielded significantly higher (P < 0.05) serum values over the NC, and 
the supplementation of 25-OH vitamin D into both controls resulted in 
values significantly greater (P < 0.05) than the PC. These data confirm 
that the use of supplemental 25-OH vitamin D3 can compensate for early 
performance losses associated with a vitamin D3 deficiency.
Key Words: broiler, performance, 25-hydroxyvitamin D, deficiency, 
serum 25-OH vitamin D

32   Effects of different isoforms of vitamin D on egg quality 
and bone mineralization in laying hens fed low Ca and P diets. 
R. Adhikari*1, B. B. Pokharel2, A. Regassa2, J. D. House2, and W. K. 
Kim1, 1University of Georgia, Athens, GA, 2University of Manitoba, 
Winnipeg, MB, Canada.

A study was conducted to examine the effect of different isoforms and 
levels of vitamin D on mineral utilization, egg quality and bone min-
eralization in laying hens fed low Ca and P diet. A total of 48 Bovan 
White laying hens at 44 wk of age were randomly assigned to 8 dietary 
treatments; a wheat/soybean meal diet containing 3,000 IU of vitamin 
D3/kg with 4% Ca and 0.4% aP as positive control (T1), a basal diet 
with low Ca (2.25%), aP (0.2%) and 3,000 3,000 IU of vitamin D3/kg as 
negative control (T2),a negative control diet with additional 3,000 IU/
kg 25-OH-D3 (T3), 9,000 IU/kg 25-OH-D3 (T4), 3,000 IU/kg vitamin 
D3 (T5), 9,000 IU/kg vitamin D3 (T6), 3,000 IU/kg of vitamin D2 (T7) 
and 9,000 IU/kg of vitamin D2 (T8). Birds were kept in metabolism 
cages for 6 wk. Feed intake, egg production, egg weight (EW), specific 
gravity (SG), egg shell thickness (EST), and Haugh Unit (HU) were 
measured weekly. All birds were sacrificed and the left tibia and femur 
were collected to measure bone mineral density (BMD), bone mineral 
content (BMC), and bone area using a dual-energy x-ray absorptiometry. 
Both BMD and BMC of tibia and femur decreased (P < 0.0001) in all 

low Ca and aP treatments compared with T1. Feed intake decreased (P 
< 0.0032) in all low Ca and aP treatments compared with T1 in wk 3 
and 5. However, there was no difference between the treatments in other 
weeks. The SG of the eggs was lower (P < 0.004) in all low Ca and aP 
treatments compared with T1 at wk 6 of the study. However, there was 
no difference in wk 2 and 4 among the treatments. EST was higher (P 
< 0.0086) in T1 and T5 compared with all other treatments at wk 2 of 
study; however, there was no difference in other weeks. There was no 
difference in EW, HU, or egg production in any of the weeks among 
the treatments. In conclusion, even though the additional 3,000 IU of 
vitamin D3/kg increased EST compared with the other low Ca and aP 
treatments at wk 2, additional supplementation or different forms of 
vitamin D could not maintain bone health when the levels of Ca and P 
were decreased in the diets. Optimum level of Ca and P along with vita-
min D is required for proper bone health and egg quality in laying hens.

Key Words: bone mineralization, Ca and P levels, laying hen, vita-
min D

33   The effect of broiler breeder inorganic versus organic 
minerals and early incubation temperature on the performance 
of Ross 708 male broiler progeny. C. T. Caraway*1, S. Homen2, G. 
Page3, W. Litjens4, and J. Brake1, 1Prestage Department of Poultry 
Science, North Carolina State University, Raleigh, NC, 2Nutreco 
Research and Development, Highland, IL, 3Nutreco Research and 
Development, Guelph, ON, Canada, 4Nutreco Research and Develop-
ment, Tilburg, the Netherlands.

The effects of maternal trace mineral (Zn, Mn, Cu, and Se) supple-
mentation and incubation temperature on feed intake, BW, and feed 
conversion ratio (FCR) of male broilers reared to 50 d were evaluated 
in a 2 × 3 factorial arrangement with 2 early incubation temperatures 
and 3 maternal mineral sources. Ross 708 broiler breeders received inor-
ganic (INO), organic (ORG), or a combination of organic and inorganic 
(MIX) trace minerals at the same inclusion level from 21 wk of age. 
Eggs collected at 28 wk of age were divided into 2 groups for incuba-
tion at high and low temperatures of 100.5°F and 99.5°F, respectively, 
from E0 to E3 but similarly thereafter to represent the current range of 
industry practice. From the hatched chicks, which were all pulled at a 
single time, a total of 864 males (144 from each breeder diet/incubation 
temperature profile) were randomly assigned to 72 floor pens with 12 
birds per pen, yielding 12 replicates per treatment. Broilers were fed 
the same starter, grower, and finisher diet with inorganic trace miner-
als. Statistical analyses were performed using SAS 9.3 PROC GLM 
procedure. Eggs from MIX breeders exhibited numerically greater (P 
≤ 0.10) hatchability (94.15%) than eggs from INO (93.1%) and ORG 
(93.98%) breeders at the time of hatching these broilers. Initial BW of 
chicks from the low incubation was greater (P ≤ 0.05) than from the high 
incubation, probably due to later hatching. Broiler BW at 36 d and 50 d 
produced from MIX breeders was numerically increased (2,419 g and 
4,025 g) compared with broilers from INO and ORG breeders (2,370 
g and 3,967 g vs. 2,381 and 3,916 g, respectively). Broilers from MIX 
breeders consumed more feed than those from ORG breeders from 30 
to 36 d (1,301 g vs. 1,265 g; P ≤ 0.05) and 37–43 d (1,529 g vs. 1,464 
g; P ≤ 0.06). There was no difference in cumulative FCR. With no 
significant differences in FCR, increased feed intake between 30 d and 
43 d accounted for the improved performance of broilers from MIX 
breeders. No interactions were found between the treatments.

Key Words: trace mineral, breeder, broiler, incubation temperature
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34   Phosphorus and calcium retention vary depending on 
diet type and length of adaptation time when fed to Ross × Ross 
708 male broilers from 20 to 24 d of age. K. R. Perryman*1, H. 
V. Masey O’Neill2, M. R. Bedford2, and W. A. Dozier III1, 1Auburn 
University, Auburn, AL, 2AB Vista, Marlborough, United Kingdom.

Previous data indicate that diet type and dietary adaptation time (AT) 
influenced ileal P digestibility (digP) in broilers after corn-soybean meal 
diets were exchanged for semi-purified treatment diets. Limited data 
are available on the effect of diet type and AT on P or Ca retention (rP, 
rCa). Therefore, an experiment was conducted to determine the effect 
of AT and diet type on rP and rCa utilizing a 3 (24, 48, and 72 h AT) × 
4 [control, 25%, 75%, and nitrogen-free diet (NFD)] factorial arrange-
ment. From 1 to 19 d of age, 576 Ross × Ross 708 male broilers were 
fed a common corn-soybean meal diet. At 20 d of age, broilers received 
1 of 4 experimental diets until 24 d of age. The NFD, 25% corn, and 
75% corn diets contained purified ingredients, whereas the control diet 
was a continuation of the common diet (62% corn). Three 24-h balance 
assays were conducted, representing 24, 48, and 72 h of dietary AT for 
the determination of rP and rCa with data analyzed as repeated measures 
using the MIXED procedure of SAS. Diet × AT interactions (P ≤ 0.01) 
were observed for rP and rCa. After AT of 48 and 72 h, broilers fed the 
NFD had increased (P ≤ 0.05) rP, whereas birds fed the 75% corn diet 
had decreased (P ≤ 0.05) rP compared with AT of 24 h. As AT increased, 
broilers consuming the NFD had decreased (P ≤ 0.01) rCa. Adapta-
tion time did not affect rCa for broilers fed the control, 25% corn, or 
75% corn diets. Diet influenced feed intake as well as BW gain, which 
were lowest (P ≤ 0.01) for the NFD and increased (P ≤ 0.01) between 
birds fed the 25% corn, 75% corn, and control diet. A second trial was 
conducted with the same set of birds to determine the effect of 96 h of 
AT on digP. No difference in digP was observed between birds fed the 
NFD or control diet after AT of 96 h. However, the 75% and 25% corn 
diets had progressively lower (P ≤ 0.01) digP compared with the control 
diet. These data indicate that allowing different AT for diets containing 
semi-purified ingredients can influence both rP and rCa. Therefore, in 
the development of an assay to determine rP and rCa, consistency among 
diet types and AT should be maintained.

Key Words: retainable phosphorus, broiler, semi-purified diets

35   25-Hydroxyvitamin D3 enhances muscle development in 
broiler via activation of mechanistic target of rapamycin (mTOR) 
pathway. K. Vignale*1, E. S. Greene1, J. V. Caldas1, J. England1, N. 
Boonsinchai1, P. Sodsee1, E. D. Pollock2, S. Dridi1, and C. N. Coon1, 
1University of Arkansas, Fayetteville, AR, 2University of Arkansas 
Stable Isotope Laboratory, Fayetteville, AR.

The positive effect of 25-hydroxyvitamin D3 (HyD) on breast muscle 
yield is well established; however, the underlying molecular mecha-
nism is still unknown. Therefore, the present study was undertaken to 
address this issue. A total of 48 pens and 1,440 broilers were used and 
4 treatments (T) were carried out as follows: (T1) control diet (normal 
D3, 2,760 IU/kg of feed); (T2) diet with high levels of D3 (5,520 IU/kg 
feed); (T3) diet with HyD on top from d 0 to 42 (5,520 IU/kg of feed); 
(T4) diet with HyD on top from d 1 to 21 (5,520 IU/kg feed), and diet 
with normal D3 (2,760 IU/kg feed) from d 22 to 42. Each treatment had 
12 replications and each replication had a total of 30 broilers per pen. 
Body weight and feed intake were recorded to determine average gain 
and growth performance. Blood samples were collected to measure 
the circulating levels of 25-OH-D3. Protein synthesis was determined 
using the 15N Phen 40% APE (atom percent excess) method and GCMS 
analysis. Gene expression and protein levels were measured using real-
time quantitative PCR and Western blot analysis, respectively. Although 
body weight remained unchanged between the groups, breast meat 
yield of the broilers fed HyD from d 1 to 21 and those fed HyD from d 
0 to 42 was 0.59 and 0.69% higher than the control, respectively (P < 
0.05). Circulating 25-OH-D3 levels in broilers fed high levels of vitamin 
D were significantly lower (P < 0.0001) than broilers fed HyD diets. 
Muscular fractional synthesis rate of broilers fed HyD was significantly 
higher than the control (P < 0.05). The relative expression of mTOR, 
IGF-1, and S6K-1 genes was significantly higher (P < 0.05) for broilers 
fed HyD from 1 to 42 d of age, and was higher but not significant for 
broilers fed HyD from 1 to 21 d of age. These changes were accom-
panied by a significant increase of VDR protein levels and activation 
of phosph-mTOR (Ser248) and phosphS6K1 (Thr 389 and Thr421/Ser 
424) in birds fed HyD compared with the control. Together, our data 
showed that 25-OH-D3 induces VDR expression, which in turn activates 
mTOR-S6K1 pathway leading to an increase in protein synthesis and 
breast muscle yield.

Key Words: Hy-D, protein turnover, breast meat yield, gene expres-
sion, mTOR-S6K1 pathway
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Student Competition: Nutrition II

36   Determining the digestible lysine requirement of 22- to 
47-week-old Lohmann laying hens using two requirement titra-
tion methodologies. H. Spangler*1, P. Utterback1, S. Rochell1, C. 
Parr1, D. Hilgendorf1, C. Utterback1, C. Parsons1, Z. Jiang2, and P. B. 
Tillman3, 1University of Illinois, Urbana, IL, 2Ajinomoto Heartland 
Inc., Chicago, IL, 3PTNS LLC, Buford, GA.

A large laying hen trial was conducted to determine the digestible Lysine 
(Dig Lys) requirement of laying hens using increasing crude protein 
(CP) or constant CP Lys titration methodologies from 22 to 47 wk. In 
total, 1,680 Lohmann LS Lite caged layers (22 wk of age) were allotted 
to 15 dietary treatments, and each treatment had 8 replications of 14 
hens. The first 7 experimental diets (increasing CP series) contained Dig 
Lys levels increasing from 0.56 to 0.92% with respective protein levels 
increasing from 13.8 to 21.7%. The second series of experimental diets 
(Trts 8–14) contained the same Dig Lys levels as Trts 1 to 7, but the 
CP was kept constant at approximately 16%. Dietary treatment 15 was 
a control diet that was calculated to contain 18.6% CP and 0.81% Dig 
Lys. Increasing Dig Lys levels had a large effect on egg production, egg 
weight, egg mass, and feed efficiency. Increasing Dig Lys levels had 
a lesser effect on egg component measurements such as percentage of 
yolk, white, and solids. Broken line regression, quadratic regression, 
and the intercept of the 2 regressions (QBL) were used to estimate the 
Dig Lys requirement. Broken line regression yielded the lowest require-
ment and quadratic regression yielded the highest, with the QBL method 
yielding an intermediate requirement estimate. For egg mass, Dig Lys 
requirements were generally slightly in excess of 600, 800, and 700 mg/
hen/d for the broken line, quadratic, and QBL models, respectively, and 
the Dig Lys requirements did not differ greatly between the increasing 
and constant CP diet series.

Key Words: digestible lysine, crude protein, laying hen, broken line 
regression, quadratic regression

37   Egg production, shell quality, and bone traits in laying hens 
fed diets differing in phosphorus and phytase levels. K. Pongma-
nee*1, I. Kühn2, and D. R. Korver1, 1University of Alberta, Edmon-
ton, AB, Canada, 2AB Vista Feed Ingredients, Darmstadt, Germany.

Proper mineral nutrition is essential for skeletal health of laying hens. 
The objective was to determine the effect of phytase on the productiv-
ity and bone metabolism of laying hens. Individually-caged white egg 
layers (n = 84) were allocated at 25 wk of age to 7 dietary treatments: 
a positive control (PC) with 0.45% available P (AP), 3.7% Ca and 
0.16% Na with phytase at 0 or 1,200 FTU/kg of feed from 25 to 28 wk 
of age, and 0.38% AP, 3.73% Ca and 0.15% Na with phytase at 0 or 
1,200 FTU/kg of feed from 29 to 37 wk, a negative control (NC) diet 
similar to the PC diet but reduced to 0.22% AP, 3.0% Ca and 0.13% 
Na from 25 to 28 wk and 0.19% AP, 3.02% Ca and 0.13% Na from 
29 to 37 wk, supplemented with phytase at 0, 150, 300, 600, or 1,200 
FTU/kg of feed. Diets were fed as a mash. Body weight, feed intake, 
egg production, and shell quality were measured every 4 wk from 25 
to 37 wk. At 37 wk, in vivo shank bone mineralization was assessed 
using quantitative CT. The left femur was excised postmortem, and 
breaking strength determined. The mixed procedure of SAS 9.2 was 
used for statistical analysis; differences were considered significant 
at P < 0.05. Shell quality and bone traits were similar between the PC 
and NC groups. In this context, it is not surprising that phytase did not 
affect performance to 37 wk. No differences among treatment groups 

were observed in egg production (98.32 ± 0.03%), egg weight (61.49 
± 1.37 g), specific gravity (1.089 ± 0.001), or shell thickness (0.370 ± 
0.008 mm) and breaking strength (4.84 ± 0.54 kg). At 37 wk, phytase 
in the NC diet did not affect shank breaking strength (19.87 ± 1.25 kg) 
nor cross-sectional area or bone mineral density, due to a lack of effect 
on any of the parameters in the NC hens. Modern layers seem to be 
resistant to low dietary AP and Ca levels.

Key Words: phytase, eggshell quality, bone mineralization, quantita-
tive computed tomography, laying hen

38   Effect of a microbial phytase and lactic acid on egg produc-
tion in laying hens. I. Y. Martinez*1, C. López1, J. Rubio2, T. T. Dos 
Santos2, and E. Avila1, 1UNAM, México DF, México, 2AB Vista Feed 
Ingredients Ltd., Marlborough, United Kingdom.

Phytate is more soluble at acid pH, and thus keeping gut pH lower for 
a longer period of time by acidifying the diet may improve phytate 
solubility and phytase activity. This research determined the effect 
of microbial phytase and lactic acid supplementation alone or in 
combination in laying hens feed with sorghum-soybean diets. A total 
of 50 Hy-Line W36 laying hens at 40 wk of age were placed in indi-
vidual cages and allocated to 5 diets (10 replicate each). Five dietary 
treatments were formed: (1) positive control (PC) with 0.25% of Pav 
(available phosphorus), (2) negative control (NC) with 0.12% of Pav, 
(3) NC + 0.5% lactic acid, (4) NC + 450 FTU phytase, and (5) NC + 
0.5% lactic acid + 450 FTU phytase. Egg production, egg weight, fed 
intake, and body weight were measured weekly during 14 wk. Haugh 
units, egg yolk pigmentation, and shell thickness were measured once 
a month. Data were analyzed as a completely randomized design using 
SPSS (2010). Significant F-value for treatment means (P < 0.05) were 
compared by using Tukey’s test. Hens fed with low Pav levels (0.12%) 
had reduced egg production, egg weight, and body weight compared 
with layers fed diets with a moderate content of Pav (0.25%; P < 0.05). 
Lactic acid addition improved egg production performance and body 
weight intermediately. Phytase alone or in combination with lactic acid 
addition recovered egg production performance and kept body weight 
similar to diets with moderate content of Pav (P < 0.05); there was no 
difference between phytase alone and in combination with lactic acid 
(P > 0.05). Haugh units, egg yolk pigmentation, and shell thickness 
were not affected by treatments. The inclusion of phytase improved 
egg production performance in laying hens fed with lower available 
phosphorus level; however, the inclusion in combination with lactic 
acid would not improve it statistically.

Key Words: laying hen, phytase, lactic acid, egg production, egg 
quality

39   Assessment of low dietary calcium and phosphorus on 
egg and bone properties of white egg layers. A. Bello* and D. R. 
Korver, University of Alberta, Edmonton, AB, Canada.

The objective of this study was to assess the responses of white egg-
laying hens fed diets reduced in Ca and available P (AP) between 30 
and 54 wk of age. Lohmann LSL Lite hens (n = 304) were housed with 
4 birds in each of 76 cages. Half of the cages (n = 38) were randomly 
assigned to the positive control (PC) treatment containing breeder-
recommended levels of Ca and AP for each dietary phase. The other 
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half of the cages were assigned to the negative control (NC) treatment 
having Ca and AP reduced by 0.134 and 0.146%, respectively. Diets 
were in mash form. Data were analyzed with SAS 9.3, using split-plot 
analysis with treatment and bird age as fixed effects. Differences were 
considered significant at P < 0.05. Daily egg production and monthly 
feed intake and BW were measured per cage. At 30, 38, 46, and 54 wk, 
egg shell strength and thickness (n = 16), in vivo bone mineral content 
(BMC) and density (BMD), and cross-sectional area (n = 4) were also 
measured. Upon analyses of data, variables were considered significant 
when P ≤ 0.05. There were no interactions or main effects for most of the 
variables. With egg production at 94.3 ± 4.8% and shell strength at 4.215 
± 0.0927 kgf across treatment and age, BW was higher (P ≤ 0.0001) 
in PC hens (1.724 ± 0.006 kg) than in NC hens (1.681 ± 0.006 kg), 
while surprisingly, cortical BMC was higher (P = 0.0386) in NC hens 
(12,427 ± 101 mg/mm) than in PC hens (12,116 ± 105 mg/mm). Total 
BMD was also higher (P = 0.0336) in the NC hens (501.5 ± 4.52 mg/
cm3) than in the PC hens (487.2 ± 4.68 mg/cm3). The exact mechanism 
behind the reduced BW and the concurrently increased cortical BMC and 
total BMD in hens fed low Ca and AP is not clear. However, although 
reduced dietary Ca and AP increased bone mineral content and density 
of Lohmann LSL Lite hens through 54 wk, it is noteworthy that this 
occurred at the expense of BW, which may result in detrimental effects 
later in laying life considering the high rate of egg production. Modern 
laying hens seem to be resistant to low dietary P and Ca content from 
30 to 54 wk of age in terms of egg production and shell characteristics.

Key Words: available phosphorus, calcium, bone mineralization, 
quantitative computed tomography, layers

40   Effects of enzyme supplementation on fat pad and nutrient 
digestibility of first-cycle laying hens fed various concentrations 
of dietary energy. A. E. Gareis*1, P. Rigolin2, T. E. Sefton2, and M. 
E. Persia3, 1Iowa State University, Ames, IA, 2Alltech Incorporation, 
Nicholasville, KY, 3Virginia Tech, Blacksburg, VA.

The addition of feed additives to poultry diets is becoming increasingly 
popular as energy costs such as corn and feed oil are dependent upon 
today’s fuel markets. The objective of this experiment was to evaluate 
an enzyme complex, derived from the fungus Aspergillus niger and 
created by solid-state fermentation, on AMEn and body composition 
of laying hens fed various dietary energy concentrations. The experi-
ment was a 2 × 2 factorial, including diets with and without the enzyme 
complex and 2 concentrations of dietary energy (2,750 and 2,850 kcal/
kg). Hens were housed individually (204 in2/ bird) for the 8-wk feeding 
period with a total of 12 hens for each of the 4 dietary treatments. Body 
composition, including fat mass and abdominal fat pad (AFP) weight, 
is a cumulative measure so our objective was to determine if 8 wk was 
adequate to detect differences. Egg production, egg weight, egg mass, 
and mortality were recorded daily whereas feed intake was determined 
weekly. At the conclusion of the experiment, hens were euthanized for 
dual-energy x-ray absorptiometry (DXA) to determine fat mass and 
AFP weight. Data were analyzed using ANOVA and Fisher’s LSD 
test was used to separate means if significant (P < 0.05). There was a 
significant interaction (P = 0.02) of enzyme and dietary energy on fat 
mass of hens in which reduced dietary energy reduced fat mass with-
out enzyme supplementation, but reduced dietary energy increased fat 
mass with enzyme treatment. Both dietary energy and enzyme resulted 
in main effects as high dietary energy and enzyme both resulted in a 
significant (P < 0.01) increase in AMEn as increasing dietary energy 
increased AEMn by 136 kcal/kg and enzyme treatment 43 kcal/kg with 
enzyme treatment. A larger, longer-term performance-type experiment is 
ongoing to better understand the effects of energy and enzyme treatment 

on laying hen performance, body composition, and AMEn, because an 
8-wk experiment may be too short to show significant changes in body 
composition despite significant differences in AMEn.

Key Words: body composition, dietary energy, laying hen, enzyme

41   Effects of various doses of phytase on pullet growth and 
nutrient digestibility. A. R. Sindt*1, C. T. Mou1, C. Wyatt2, and M. 
E. Persia3, 1Iowa State University, Ames, IA, 2AB Vista, Stilwell, KS, 
3Virginia Tech, Blacksburg, VA.

A 16-wk experiment was performed using Hy-Line W-36 1-d-old laying 
hen chicks to examine the effects of various doses of phytase on the 
growth and nutrient digestibility of growing pullets. The chicks were 
divided into 8 cages of 12 chicks for each of the 4 dietary treatments. 
Initial treatments included a PC diet that contained 0.50% nPP and 
1.00% Ca, a negative control (NC) diet that contained 0.24% nPP and 
0.84% Ca and 2 NC diets with either 500 or 2,000 FTU of Escherichia 
coli phytase. All diets were further reduced in both nPP and Ca content 
as birds grew. Body weight gain (BWG) was calculated every 2 wk. 
Excreta were collected over 2 d during 4, 8, 12, and 16 wk for AMEn 
determination. Statistical analysis was carried out using ANOVA and 
when significant differences were noted, Fisher’s LSD test was used to 
separate means. At 2 wk, BWG was significantly reduced with the NC 
treatment compared with the PC-fed birds and the 500 FTU phytase 
treatment returned BWG to PC levels (P < 0.05). The chicks fed 2,000 
FTU of phytase resulted in the highest BWG, outgaining all other treat-
ments including the PC-fed birds (P < 0.05). From 4 to 8 wk, the BWG 
of the pullets fed the NC diet was still significantly reduced compared 
with all other treatments, and by this point, there were no differences 
in the PC or either phytase treatment (P < 0.05). After 8 wk, there were 
no differences in BWG among any treatment, suggesting that the nPP 
requirement for pullet growth is reduced in the later growth stages. At 
4 wk of age, AMEn of the birds fed 2,000 FTU of phytase was also 
significantly increased compared with other dietary treatments (P = 
0.05). The lower dose of phytase (500 FTU) improved BWG early 
in the experiment when NC-fed birds were limited in growth due to 
reduced dietary nPP. The higher dose of phytase (2,000 FTU) resulted in 
increased growth and AMEn compared with the PC-fed birds, although 
this growth response was reduced as the birds aged.

Key Words: pullet, nPP, phytase, growth, AMEn

42   Use of 6-phytase derived from Buttiauxella species to 
enhance nutritional value of broiler breeder diets. B. Nusairat*1, 
A. C. Fahrenholz1, J. Brake1, and P. W. Plumstead2, 1Prestage 
Department of Poultry Science, North Carolina State University, 
Raleigh, NC, 2Danisco Animal Nutrition, DuPont Industrial Biosci-
ences, Marlborough, United Kingdom.

The effect of a 6-phytase derived from Buttiauxella spp. expressed in 
Trichoderma reesei included in grower and layer diets of broiler breeders 
was evaluated. Broiler breeder chicks (Ross 308) were randomly dis-
tributed sex-separately to 16 pens during the growing period. At 21 wk, 
1,024 females and 128 males were transferred to 16 laying pens while 
maintaining the same treatments with 4 replicate pens per treatment. 
These breeders were purposefully fed below breed recommendations, 
with 4 dietary treatments containing graded levels of the 6-phytase: 0 
(control), 300, 600, and 1,200 FTU/kg, applied from 43 d of age. The 
calcium (Ca) was 0.7% and 2.7% and available phosphorus (AvP) was 
0.35% and 0.12%, respectively, in the grower and layer control diets. The 
300 FTU/kg dose was assumed to liberate approximately 0.1% AvP and 
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Ca. Egg production, hatchability, egg weight, and mortality to 64 wk of 
age were measured. Productivity and hatchability data were calculated 
and analyzed as a one-way ANOVA for 10-wk quartile periods from 
25 to 64 wk of age and on an overall basis. During the first quartile, 
phytase increased (P < 0.05) hen-day egg production at 300 FTU, with 
600 and 1,200 FTU being intermediate between control and 300 FTU. 
On an overall basis (25–64 wk), all phytase treatments increased (P < 
0.05) hen-day egg production compared with control. Hatchability of 
total eggs was increased (P < 0.05) by phytase during the first quartile 
as was hatchability of fertile eggs during the fourth quartile. Egg weight 
was not affected significantly. The diets were formulated to be generally 
balanced near the minimum AvP with the 300 FTU diet and any “on 
top” effect would be expected from the 600 and 1,200 FTU/kg diets. 
In fact, all of the phytase levels produced better rate of lay, which was 
interpreted to be either an AvP effect or an extra-phosphoric effect from 
phytase, or both.

Key Words: broiler breeder, phytase, hen-day production, hatchabil-
ity, fertility

43   Evaluation of enzyme efficacy in low energy broiler diets. 
M. M. Kost*, A. C. Fahrenholz, and J. Brake, Prestage Department 
of Poultry Science, North Carolina State University, Raleigh, NC.

The effects of xylanase supplementation on feed intake, body weight 
(BW), and feed conversion ratio (FCR) of male broilers reared to 43 
d of age were evaluated in this study. A total of 768 Ross 344 × Ross 
708 male broilers were used involving 3 treatments with 8 replicates 
each. The 3 corn-soy based dietary treatments included a positive con-
trol (PC) reference diet, a negative control (NC) reference diet with 
a lower energy density, and xylanase added to the negative control 
(NC+Xyl). All diets contained corn, soybean meal, and wheat. The NC 
and NC+Xyl starter diets both contained 1.5% total fat [1% mixer + 
0.5% Post Pellet Liquid Application (PPLA)], whereas the grower and 
finisher diets both contained 1% total fat added in the mixer only. The 
PC starter diet contained 4.05% total fat (1% mixer + 3.05% PPLA) 
and the grower and finisher diets contained 3% total fat (1% mixer + 
2% PPLA). All data were calculated and analyzed using PROC GLM to 
determine least squares means and PROC MEANS. Birds that received 
the NC diet exhibited poorer FCR (8 points; P < 0.01) compared with 
those fed the PC diet, confirming the lower energy density of the NC 
diet. Supplementation of the NC with xylanase did not significantly 
improve FCR compared with the PC diet. The overall FCR for the PC, 
NC, and NC+Xyl were 1.64, 1.72, and 1.70, respectively. Feed intake 
was significantly decreased in PC from 0 to 35 d and 17 to 35 d when 
compared with the NC and NC+Xyl diets. Modified PDI values were 
determined for all treatments and all diets. Modified PDI values for the 
PC, NC, and NC+Xyl grower diets were 70.9, 69.0, and 71.0, and the 
finisher diets were 72.6, 75.0, and 72.4, respectively. The mean ileal 
digestibility values for the PC, NC, and NC+Xyl diets calculated on a 
dry matter basis did not differ and were 46.2, 50.9, and 46.0, respectively. 
Xylanase did not demonstrate a positive response in this experiment. 
We surmised that the nature of the dietary formulation may have been 
in this inability to demonstrate a positive response.

Key Words: broiler, xylanase, low energy diets, enzyme matrix value

44   Enzyme effects on energy utilization from corn of differ-
ent areas of Brazil. B. Mallmann*1, S. L. Vieira1, C. Stefanello1, C. 
Pontin1, R. G. Hermes2, and J. O. Sorbara2, 1UFRGS, Porto Alegre, 
RS, Brazil, 2DSM Nutritional Products, São Paulo, SP, Brazil.

A study was conducted to evaluate the effects of different enzymes on 
corn grown in 2 geographic areas in Brazil (south or north). A total of 504 
Cobb 500 male broilers were placed in 72 battery cages (7 birds each). 
Birds were fed experimental diets to 24 d. Total excreta was collected 
from 21 to 24 d, and birds were slaughtered at 24 d for ileal content 
collection. Estimation was done for AME and apparent ileal digestible 
energy (AIDE). Corn from south and north Brazil had, respectively, 7.4% 
and 7.6% CP, 1.1% and 0.9% crude fiber, and 4.0% and 4.7% fat. A test 
diet [95.9% corn, 1.3% dicalcium phosphate, 1.1% limestone, 0.15% 
mineral and vitamin premixes, 0.5% salt, 0.01% phytase (Ronozyme 
HiPhos) and 1% Celite] was prepared with each corn source. Three 
enzyme products were individually added to the test diet: a xylanase 
(Ronozyme WX, 100 Farbe xylanase units); a carbohydrase blend 
(Roxazyme G2, 8,000 units/g cellulase, 18,000 units/g endo-1,3(4)-
β-glucanase and 26,000 units/g endo-1,4-β-xylanase); and an amylase 
(Ronozyme A, 200 kilo-novo α-amylase units). An ANOVA with Dunnet 
test was conducted. Differences in AME and AIDE were found between 
south and north corn (P < 0.05) with values, respectively of 3,502 and 
3,267 kcal/kg for south corn and 3,565 kcal/kg and 3,395 kcal/kg for 
north corn. North corn was not affected (P > 0.05) by any enzyme 
addition; however, south corn AIDE was improved (P < 0.05) by 129, 
164, and 210 kcal/kg when Xylanase, carbohydrase blend, and amylase 
were individually supplemented. South corn AME was improved (P < 
0.05) by 53 and 68 kcal/kg when carbohydrase blend and amylase were 
added, respectively. We concluded that corn origin affects AME and 
AIDE and that the effects of energy-releasing enzymes supplemented 
to corn depend on their substrate differences.

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

45   Energetic efficiency and body composition of broilers fed 
diets with exogenous enzymes. J. V. Caldas*, K. Vignale, N. Boon-
sinchai, M. Putsakum, A. Magnuson, J. A. England, and C. N. Coon, 
University of Arkansas, Fayetteville, AR.

Diet composition and enzyme inclusion significantly influence body 
composition in broilers from which a lean carcass is the main trait desired 
by the consumer. The aim of the study was to determine the effect of 
adding exogenous enzymes on body composition and ME kcal gain 
through the use of DEXA (dual energy x-ray absorptiometry) and indirect 
calorimetry respectively. Two diets were studied: T1: negative control 
(NC); and T2: NC + enzyme blend (xylanase + protease + pectinase + 
amylase). Eight hundred Cobb male chicks in floor pens were fed the 
respective dietary treatments from d 1 to 14 of age, and then 288 chicks 
were selected with the same body weight for adaptation to the respiratory 
chambers and body composition; at 18 d, 96 chicks remained for gas 
exchange analysis. At 21 d of age, all birds were scanned using DEXA 
to determine fat and protein body composition. The statistical analysis 
was conducted using JMP pro 11 (SAS, 2013). A complete randomized 
design and multivariate correlation were used. The diet with enzyme 
blend increased body protein (193 vs. 191.4 g/kg of DM; P = 0.0067)* 
and decreased body fat (94.4 vs. 100.7 g/kg of DM; P = 0.0237)*. 
There was no statistical difference in the gas exchange data for the 2 
dietary treatments; however, a high correlation was observed between 
RER (respiratory exchange ratio = VCO2/VO2) and body fat (g/kg of 
DM; r = 0.92) and RER with body protein (g/kg of DM; r = −0.86). 
Because RER is related to the type of nutrient being oxidized, a higher 
RER means more carbohydrates are being oxidized and a lower RER 
indicates that fats are being oxidized. The metabolic chamber and body 
DEXA data show that body composition of 14 to 21 d broilers can be 
affected with the addition of exogenous enzymes. This study suggests 
the enzymes may be releasing more amino acids to allow higher body 
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protein composition at the same body weight. Gas exchange RER data 
helps explain the type of nutrient being oxidized, and DEXA shows the 
type of tissue being synthesized by the broiler.

Key Words: body composition, indirect calorimetry, enzyme, energy, 
broiler

46   Improvement of the nutritive value of rye for neonate 
broiler chickens by direct-fed microbial-induced bacterial 
translocation and viscosity reduction. J. D. Latorre*1, H. Lester1, 
D. Lester1, J. B. Blankenship1, A. D. Wolfenden1, M. H. Kogut2, J. 
L. Vicente3, R. Wolfenden3, X. Hernandez-Velasco4, C. Lester1, V. 
A. Kuttappan1, E. Vicuña1, L. R. Bielke1, B. M. Hargis1, G. Tellez1, 
1University of Arkansas, Fayetteville, AR, 2USDA-ARS, College 
Station, TX, 3Pacific Vet Group, Fayetteville, AR, 4FMVZ-UNAM, 
Mexico City, DF, Mexico.

Exogenous enzymes such as xylanase are used in diets for broilers to 
eliminate anti-nutritive effects caused by the presence of non-starch 
polysaccharides (NSP). It has been proposed that the mechanism by 
which xylanases exert their effect is through reducing intestinal viscos-
ity within the broiler digestive tract. Previously, we have reported that 
dietary inclusion of selected direct-fed microbial (DFM) candidates 
that produce endogenous enzymes in NSP diets significantly reduced 
viscosity. In the present study, starter rye-soybean-based diets with DFM 
(group 1) or without DFM (group 2) were administered ad libitum to 

one-day-old broiler chickens in 2 independent experiments (n = 12/
treatment/trial). At d 10, all chickens in both groups were humanely 
killed and liver sections were aseptically collected to determine cfu/
gram of coliforms on MacConkey agar plates. Intestinal contents from 
duodenum to cloaca were collected to determine viscosity. Data were 
subjected to ANOVA and mean separation using Duncan’s multiple 
range test. In both independent trials, a significant reduction (P < 0.05) 
in the total number coliforms in the liver as well as intestinal viscos-
ity was observed in the group of chickens fed the rye-base diet with 
DFM when compared with the control non-treated diet. Impaired gut 
epithelial integrity due to alterations in tight junction proteins may be 
the pathological mechanism underlying bacterial translocation. Bacte-
rial overgrowth, diet ingredients, immune dysfunction, alteration of the 
luminal factors, and altered intestinal permeability are all involved in 
bacterial translocation and its complications. The results of the pres-
ent study suggest that the NSP from rye-based diets can both enhance 
bacterial translocation and intestinal viscosity, but these adverse effects 
can be prevented by the inclusion of selected DFM candidates. Studies 
to evaluate the possible inflammatory effects of the NSP in rye-base 
diets as well as the morphological changes in different sections of the 
gastrointestinal tract, performance and microbial profiles are currently 
being evaluated.

Key Words: Bacillus, DFM, enzymes, bacterial translocation, 
viscosity
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Student Competition: Nutrition III

47   The effect of Brazilian propolis on body weight, weight 
gain, and gut microflora in broilers reared under heat stress. U. 
T. Mahmoud*1,2, M. A. Abdel-Rahman1, M. H. A. Darwish1, T. J. 
Applegate2, M. H. Rostagno3, and H. W. Cheng3, 1Assiut University, 
Assiut, Egypt, 2Purdue University, West Lafayette, IN, 33Livestock 
Behavior Research Unit, USDA-ARS, West Lafayette, IN.

This experiment was conducted to examine the effect of dietary supple-
ment with green Brazilian propolis on body weight (BW), weight gain 
(BWG) and cecal microflora in broiler chickens raised under heat stress 
condition. A total of 504 15-d-old male broiler chickens (Ross 708) 
were randomly allocated to 6 treatments, each with 4 replicate pens per 
treatment, 21 chickens per pen from hatch to 42 d of age. The dietary 
treatments were basal diet (control) and 5 different concentrations of 
propolis (100, 250, 500, 1,000, and 3,000 mg /kg diet). The average 
temperature and relative humidity during the day time was (31.7 ± 0.3°C 
and 56 ± 4) while at night were (28.8 ± 0.4°C and 58 ± 3), respectively. 
Performance data were normally distributed; while microbial data were 
logarithm transformed (log10). Data were analyzed using a complete 
randomized design and ANOVA was performed using PROC MIXED 
(SAS Inst. Inc., Cary, NC). Supplementation of diets with propolis did 
not significantly (P > 0.05) affect BW, BWG and cecal enumeration 
of Escherichia coli, coliforms, Enterococcus spp., and Lactobacillus. 
However, the Bifidobacteria spp. population was significantly (P = 
0.005) lower in birds fed the diet with 1,000 mg of propolis/kg than 
controls and those supplemented with 100 mg of propolis/kg of diet. 
In conclusion, the results indicate that dietary supplement with green 
Brazilian propolis, from 100 to 3,000 mg/kg, does not induce favorable 
influences on BW, BWG, and cecal microflora of broilers reared under 
heat stress conditions.

Key Words: broiler, body weight, cecal microflora, heat stress

48   Effect of quercetin on performance, apparent metabolic 
rate of feed nutrients and cecal microflora in laying hens of dif-
ferent weeks. N. Teng*, Y. Li, D.-T. Sun, Y. You, and L. Li, Institute 
of Animal Nutrition, Northeast Agricultural University, Harbin, 
Heilongjiang Province, China.

This trial was conducted to evaluate the effect of quercetin on perfor-
mance in laying hens during different periods by determining laying rate, 
feed:egg ratio, apparent metabolic rate of feed nutrients, and amount of 
cecal microflora. A total of 240 healthy Hessian laying hens at 29- to 
39-wk-old with similar body weight and laying rate were randomly 
divided into 4 groups with 6 replicates of 10 each, respectively. The 
hens were fed a basal diet supplemented with 0, 0.02, 0.04, and 0.06 g 
of quercetin/kg for 8 wk. The results showed that compared with con-
trol, laying rate at 29 to 37 wk old was increased by 5.95% (P < 0.05) 
with 0.02 g/kg of quercetin, feed:egg ratio was significantly lowered by 
9.33% (P < 0.01) at 0.04 g/kg of quercetin; laying rate was significantly 
increased by 7.14% (P < 0.01) and feed:egg ratio was significantly 
lowered by 11.72% (P < 0.01) at 0.04 g/kg of quercetin in laying hens 
at 39 to 47 wk old. Apparent metabolic rate of crude protein and Ca at 
39 to 47 wk old was significantly increased by 52.9% and 18.85% (P < 
0.01) at 0.04 g/kg of quercetin, respectively. The increase of apparent 
metabolic rate of crude protein and Ca at 39 to 47 wk old was more 
significant with the increasing quercetin than that at 29 to 37 wk old. 
The amount of total aerobic bacteria was significantly decreased (P < 
0.01) at 0.04 g/kg of quercetin. The amount of Escherichia coli was 

decreased with the increasing quercetin at different ages. The amount 
of Bifidobacterium was significantly increased at 0.04 g/kg of quercetin. 
In conclusion, a certain dose of quercetin promoted Bifidobacterium 
growth and inhibited growth of total aerobic bacteria and E. coli, 
increased availability of dietary crude protein and Ca, and therefore, 
improved performance of laying hens. The older the bird, the greater 
the improvement in performance; the optimum level of quercetin in the 
basal diet was 0.4 g/kg for improving performance.

Key Words: quercetin, laying hen, performance, apparent metabolic 
rate, cecal microflora

49   Effects of commercially available antibiotic alternatives 
on 0- to 41-d-old male broiler chicken growth performance. X. 
Wang*, K. Wamsley, A. Kiess, and W. Zhai, Mississippi State Univer-
sity, Mississippi State, MS.

The objective of the current study was to determine the effects of com-
mercial probiotics, or the combination of probiotics and prebiotics in 
feed from 0 to 41 d on growth performance of broiler chickens. A total 
of 832 one-day-old male Ross × Ross 708 broilers were randomly dis-
tributed to 80 floor pens (4 treatments, 16 replicates per treatment, 13 
chicks per pen). Used litter from commercial chicken houses was used 
to simulate commercial broiler production environment, however, no 
traditional pathogen challenge was applied to the chicks. Five dietary 
treatments were as follows: (1) a negative control diet (NC, a basal diet 
without antibiotic and anticoccidial); (2) a control diet supplemented 
with probiotics (Pro, a basal diet with 3 Bacillus subtilis strains, 300,000 
cfu/g of feed); (3) a control diet supplemented with probiotics and pre-
biotics (Pro+Pre, a basal diet with 3 Bacillus subtilis strains, 300,000 
cfu/g of feed; mannanoligosaccharides, and β-glucans, 170 and 250 
g/ton of feed, respectively); and (4) a practical diet (a basal diet with 
antibiotic and anticoccidial). Bacillus strains and counts in feed were 
confirmed by plate counting. Feed and BW were weighed at 0, 14, 28, 
and 41 d. From 0 to 41 d, dietary treatments did not affect feed intake, 
feed conversion ratio, or mortality during any phase (P > 0.05). From 
0 to 14 d, BW gains were not affected by dietary treatments (P > 0.05). 
From 14 to 28 d, chicks fed practical diets exhibited higher BW gain 
than those fed the other 3 diets (P = 0.01). From 28 to 41 d, chicks fed 
Pro diets or Pro+Pre diets exhibited higher BW gains than those fed 
NC diets or practical diets (P = 0.01). Overall, chicks fed Pro diets or 
Pro+Pre diets exhibited higher BW than those fed NC diets, but similar 
BW to those fed practical diets at d 41 (P = 0.05). In conclusion, practical 
diets may benefit birds’ growth during early age. The growth of broilers 
fed Pre diets and Pro+Pre diets may catch up in later age, and finally 
reach similar BW as those fed practical diets.

Key Words: broiler, performance, prebiotic, probiotic

50   Effect of carvacrol and trans-cinnamaldehyde on Asper-
gillus flavus and Aspergillus parasiticus growth and aflatoxin 
production in poultry feed. H. Yin*1, A. Kollanoor-Johny2, M. J. 
Darre1, and K. Venkitanarayanan1, 1University of Connecticut, Storrs, 
CT 2University of Minnesota, St. Paul, MN.

Aflatoxins (AF) are toxic metabolites mainly produced by the molds 
Aspergillus flavus and Aspergillus parasiticus. Contamination of poul-
try feed with AF is a major concern to the poultry industry because of 
serious economic losses stemming from poor performance, reduced 
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egg production, and diminished egg hatchability. In addition, AF are 
the only mycotoxins regulated by the US Food and Drug Administra-
tion (FDA) due to their carcinogenic and hepatotoxic effects, and their 
potential presence as residues in meat and egg. This study investigated 
the inhibitory effect of 2 generally regarded as safe, plant-derived com-
pounds; namely, carvacrol (CR) and trans-cinnamaldehyde (TC), on A. 
flavus and A. parasiticus growth and AF production during long-term 
storage in chicken feed. Two-hundred-gram portions of chicken feed 
supplemented with CR and TC (0, 0.4, 0.8, and 1.0%) were inoculated 
with A. flavus (NRRL 3357) or A. parasiticus (NRRL 2999 or NRRL 
4123) and stored at 25°C for 3 mo. The mold population and AF con-
centrations in the feed were determined at 0, 1, 2, 3, 4, 8, and 12 wk of 
storage. The study was replicated 3 times with duplicate samples for 
each treatment. Carvacrol and TC significantly inhibited A. flavus and A. 
parasiticus growth and AF production in chicken feed during the entire 
storage period (P < 0.05). All concentrations of CR and TC decreased 
AF concentrations in the feed to levels below the FDA regulated limit 
(20 ppb). However, feed samples with no added CR or TC yielded more 
than 40 ppb (NRRL 2999) and 30 ppb (NRRL 4123 and NRRL 3357) of 
AF. The results suggest that CR and TC could be used as feed additives 
to control AF contamination in poultry feed.

Key Words: feed additive, poultry feed, aflatoxin, carvacrol, and 
trans-cinnamaldehyde

51   Supplementation of antibiotic alternatives on the growth 
performance parameters in broilers. P. A. Adhikari* and W. K. 
Kim, University of Georgia, Athens, GA.

A study was conducted to investigate the effects of plant extracts and 
essential oil complex (AntaphytMO and CaPlus ME) and feeding acids 
and prebiotic substance mixture (PreAcid BA Forte) on body weight 
gain (BWG), feed intake (FI), and feed conversion ratio (FCR) in broiler 
chicks. A total of 528 male Cobb chicks were distributed into 11 treat-
ments with 6 replicates/treatment (8 birds/cage) in battery brooder cages. 
Eleven treatment diets were fed from d 0 to 21: T1 (positive control 
with antibiotics), T2 (negative control without antibiotics), diets T3, 
T4, and T5 (negative control supplemented with 0.01, 0.03, and 0.06% 
AntaphytMO, respectively), diets T6, T7, and T8 (negative control 
supplemented with 0.2, 0.4, and 0.6% Caplus ME, respectively) and 
diets T9, T10, and T11 (negative control supplemented with 0.2, 0.4, and 
0.6% PreAcid BA Forte, respectively). Weekly BWG, FI, and FCR were 
evaluated at 7, 14, and 21 d. Feed intake per bird did not differ among 
the treatments during any trial periods. Lowest BWG in chicks fed T9 
and highest BWG in T5 were observed both in wk 1 (P < 0.01) and wk 
2 (P < 0.05). Also, in wk 1, AntaphytMO showed BWG equal to both 
of the control diets. However in wk 3, BWG was lowest for both T6 and 
T7 (P < 0.01) and highest for T5 compared with control. In overall, T5 
had highest and T9 had lowest BWG (P < 0.0001) compared with the 
others. Alternative antibiotic treatments significantly influenced FCR in 
all 3 weeks and overall. In wk 1, T9 had the highest FCR (P < 0.001), 
whereas the rest of the treatment diets did not differ from control diets. 
In wk 2, all levels of AntaphytMO had FCR similar to negative control 
(P < 0.001). In wk 3, the diet with the lowest level of AntaphytMO 
showed better FCR than the rest of the diets (P < 0.001). In overall, the 
birds fed T3 and T10 showed better FCR (P < 0.001) even though the 
values were higher than that of the positive control. Results of the pres-
ent experiment indicated that the highest level of AntaphytMO showed 
better BWG and the lowest level of PreAcid BA Forte showed lower 
BWG. However, levels of CaPlus ME and PreAcid BA Forte did not 
show any consistent trend in growth performance.

Key Words: broiler, AntaphytMO, CaPlus ME, PreAcid BA Forte, 
performance

52   Effects of various antibiotics, anticoccidials, and antibiotic 
alternative products on gut characteristics and performance 
using broilers given a 10× live coccidiosis vaccine. C. Cardenas*, 
W. Zhai, and K. Wamsley, Mississippi State University, Mississippi 
State, MS.

The objective of the current study was to determine the effects of the 
inclusion strategies of several commercially available antibiotics (AB), 
anticoccidials (AC), and antibiotic alternative products (AAP) on bird 
performance given a 10× dose of live coccidiosis vaccine (LCV). Diets 
were corn and soybean meal-based and batched at a commercial mill. 
Birds fed treatment (Trt) 1 did not receive LCV, whereas birds fed Trts 
2 to 8 received 10× LCV (sprayed at hatchery). Birds fed Trts 1 and 
2 were fed diets without feed additives, whereas birds fed Trts 3 to 8 
were fed diets containing AB1+AC1, AB1, AAP1+AB2, AAP2, AB2, 
and AB2+AC1, respectively. On day of hatch, 7 male and 7 female 
Ross × Ross 708 chicks were randomly assigned to 1 of 96 pens (0.08 
m2/bird) containing used litter. Each Trt was replicated 12 times and 
allocated to pens (experimental unit) as a randomized complete block 
design. The experimental period was from 0 to 49 d. On d 17, intestine 
and selected organ sampling (2 birds/pen, 6 replicates), lesion scoring 
(2 birds/pen, 6 replicates), and ileal viscosity (1 bird/pen, 12 replicates) 
occurred. No significance was established for d 0–49 feed conversion 
ratio (FCR), mortality, or feed intake (P > 0.05). For lesion scoring, 
only Eimeria acervulina significantly decreased for Trt 3, compared 
with remaining Trts (P = 0.017), although overall lesion scores were 
low. Intestine and selected organ weights were not significant (P > 0.05). 
Birds fed Trt 3 demonstrated the highest ileal viscosity (P < 0.0001), 
but also had the highest d 49 BW and 0–49 d BW gain, whereas birds 
fed Trt 2 demonstrated the lowest (P = 0.034 and 0.018, respectively). 
Regression analyses using cumulative FCR for each feeding phase were 
performed to generate prediction equations; allowing birds to reach 
the same ending weight (3.4 kg) predicted Trt 3 to have the lowest 
FCR and Trt 5 the highest, 1.78 vs 1.81, respectively (R2 = 0.77; 0.76). 
Overall, the data suggest that birds fed Trt 3 demonstrated improved 
performance; birds fed Trts 7 and 8 established similar performance to 
Trt 3 birds when given 10× LCV.

Key Words: antibiotic, anticoccidial, antibiotic alternative product, 
live coccidiosis vaccine, bird performance

53   Nutritional effects of egg shell membrane supplements on 
chicken performance and immunity. S. Makkar*1, N. C. Rath2, G. 
R. Huff2, and W. E. Huff2, 1University of Arkansas, Fayetteville, AR 
2USDA/ARS, PPRSU, Fayetteville, AR.

Eggshell membranes (ESM) contain a variety of proteins and peptides 
that help development and provide protection to the embryo. Proteomic 
analysis of the ESM showed the presence of over 200 proteins, several 
of which are known to have antimicrobial properties. We hypothesized 
that the membrane byproducts derived from egg may act as nutritional 
supplements to improve performance and immunity of chickens. To 
explore the effect of this product we fed 3 groups of broiler chicks (n 
= 16 each) feed containing 0, 0.2, and 0.4% ESM from 1 d posthatch 
to 2 wk of age. The birds were individually weighed at the onset of 
the experiment and at weekly intervals until the termination of the 
experiment at third week. The birds were bled for differential counts 
of WBC and clinical chemistry, and relative weights of liver, spleen, 
bursa, and heart were determined at the time of necropsy. Serum was 
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evaluated for corticosterone, IgM, and IgY levels. The chickens in the 
ESM-treated groups showed a moderate but a statistically significant 
increase in body weight, increased immunoglobulins IgM and IgY, and 
a decrease in the corticosterone levels compared with the control group. 
Heterophil:lymphocyte ratios decreased numerically but monocyte 
levels decreased significantly. There was no change in relative heart, 
liver, spleen, and bursa weights. There was very little difference in 
clinical chemistry parameters except that the total protein content was 
elevated in the treated groups. Our results suggest that ESM supplements 
during early phases of growth may improve poultry immunity and stress 
variables without sacrificing growth performance.

Key Words: eggshell membrane, antimicrobial protein

54   The effect of dietary 25-hydroxycholecalciferol on growth 
and carcass traits in an unsanitary environment. S. A. Fatemi* 
and D. R. Korver, University of Alberta, Edmonton, AB, Canada.

Dietary 25-hydroxycholecalciferol (25OHD3) increases broiler breast 
yield, and vitamin D metabolites influence innate immunity. The objec-
tive was to study the effects of dietary vitamin D3 and 25OHD3 on per-
formance of broilers raised on clean or dirty litter. Day-old chicks (n = 
512) were allocated (13.22 birds/m2) into a 4 × 2 factorial arrangement 
with 4 pens/treatment. Dietary treatments were vitamin D3 at 2,760 IU/
kg feed (D); 25OHD3 at 2,760 IU/kg feed (25OHD); D3 at 5,520 IU/
kg feed (D×2); or D3 at 2,760 IU/kg plus 25OHD3 at 2,760 IU/kg feed 
(D+25OHD); each diet was fed to broilers on either fresh (clean) or used 
(dirty) litter. At 12, 22, and 41 d of age, bird performance was measured 
on a pen basis, and 3 birds from each pen were weighed, and pectoralis 
(P) major and minor weights and rectal temperature determined. At d 42, 
carcass and portion (P. major and minor, leg) weights and yields (portion 
as a % of carcass weight) were determined. Differences were considered 
significant at P ≤ 0.05. Breast yields and rectal temperatures to d 41 and 
were not affected by diet. At d 12 in the clean pens, BW of D (331 g ± 
5.87) and D×2 (339 g ± 5.87) birds were higher than 25OHD (300.7 g 
± 5.87) and D+25OHD (305 g ± 5.87) birds, and in the dirty pens, D×2 
(316.4 g ± 5.87) birds had higher BW than D and D+25OHD birds. P. 
major and P. minor yields were higher by 9 and 7%, respectively, in the 
clean than in the dirty environment. At 42 d, P. minor yield was higher 
for D-fed birds by 6, 3, and 4% compared with 25OHD, D+25OHD, 
and D×2, respectively. In addition, P. major yield was almost higher (P 
< 0.055) for D-fed birds compared with 25OHD or D×2 birds by 5 and 
4%, respectively. Leg yield was 3% greater in 25OHD birds than in D 
birds. Contrary to expectations, 25OHD increased leg rather than breast 
yield. The dirty environment reduced performance in young birds despite 
the lack of a measurable febrile response at any age.

Key Words: 25-hydroxycholecalciferol, vitamin D3, breast yield, 
unsanitary environment, inflammation

55   A feed additive containing mixed enzymes and direct-fed 
microbial combination in comparison with antimicrobial growth 
promoters in broiler chickens. C. Flores*1, M. Williams1, J. 
Pieniazek1, Y. Dersjant-Li2, A. Awati2, and J. Lee1, 1Poultry Science 
Department, Texas A&M AgriLife Research, College Station, TX, 
2Danisco Animal Health/Dupont, Marlborough, United Kingdom.

This study evaluated the effect of a feed additive containing mixed 
enzymes (xylanase, amylase, and protease) and direct-fed microbial 
(DFM, containing 3 Bacillus strains) on performance of broilers, in com-
parison with 2 commonly used antimicrobial growth promoters (AGP). 
Four treatments were tested using 1-d-old Ross 708 broilers (mixed sex 

at 50:50 ratio) in a completely randomized design with 8 replications 
per treatment (40 birds/pen) using built-up litter. Treatments were (1) a 
negative control (NC) based on corn/soy/wheat (10%) containing 500 
FTU/kg phytase; (2) NC+ the feed additive; (3) NC+ BMD (50 g/ton); 
and (4) NC+ Virginiamycin (20 g/ton). Diets were fed in mash form at ad 
libitum in 3 phases: 1–10; 11–21 and 22 to 42 d. Body weight and feed 
intake (FI) were measured per phase and feed conversion ratio (FCR) 
was corrected for mortality weight. Treatment means were compared 
using a one-way ANOVA and separated via Duncan’s multiple range 
test. Overall 42-d data showed that the additive supplementation to NC 
diet significantly (P < 0.05) reduced mortality weight-corrected FCR 
compared with NC and did not differ from both AGP treatments (Table 
1). Feed intake and body weight gain (BWG) were not significantly 
affected by treatments during the 42-d study. The results indicated that 
the additive containing mixed enzymes and DFM may be used as an 
alternative to AGP in broiler chickens.

Table 1. Effect of a feed additive containing mixed enzymes and DFM on per-
formance of broilers compared with AGP

Item NC
NC +

additive
NC +
BMD

NC +
Virginiamycin

BW, kg     
 1–21 d 0.664 0.677 0.668 0.670

 1–42 d 2.234 2.295 2.282 2.273

Mortality-
corrected 
FCR

    

 1–21 d 1.565 1.567 1.551 1.535

 1–42 d 1.841a 1.805b 1.806b 1.816ab

abValues without a common superscript are significantly different (P < 0.05).

Key Words: broiler, growth performance, enzymes, DFM, feed 
efficiency

56   The effect of probiotic or prebiotic supplementation on gut 
morphology in young turkey poults. S. L. Loeffler*, M. S. Lilburn, 
and M. Wick, The Ohio State University, Columbus, OH.

The gastrointestinal tract in the newly hatched poult is functionally 
immature and during the first week posthatch grows rapidly with sig-
nificant increases in villus height and crypt depth. In the current study, 
we investigated the effects of 2 commercial probiotics (A, B) and a 
yeast fermentation prebiotic on intestinal morphology and develop-
ment. Hatchlings were randomly assigned to 1 of 4 dietary treatments 
(control, probiotic A, probiotic B, or prebiotic) on the day of hatch and 
each treatment had 4 replicate pens. Each product was used at the manu-
facturers’ suggested levels of inclusion. Birds (n = 40) were fed from 1 
to 9 d posthatch when 20 were randomly selected and euthanized, with 
the remaining 20 being fed through d 11 posthatch, then euthanized. 
Five poults from each of the 4 treatments were randomly selected on d 
9 and 5 from each treatment on d 11 posthatch and euthanized; intes-
tinal segments were then taken from the lower small intestine. Each 
segment was fixed and embedded in paraffin, and 4 µm sections were 
stained with PAS. Measurements were taken for villus height, area, 
and crypt depth using ImageJ and the data analyzed using ANOVA. 
At both sampling days, crypt depths were the same in the poults fed 
the prebiotic and probiotic B diets (P > 0.05). The crypt depths in the 
poults fed the prebiotic and probiotic B diets were greater than those 
of the unsupplemented control, with all 3 being greater than the crypt 
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depths in the poults fed probiotic diet A (P < 0.001). At both sampling 
days, villus heights and areas were the same in the poults fed the control, 
prebiotic, and probiotic A diets (P > 0.05). The villus heights and areas 
in the poults fed probiotic diet B were greater than the other 3 diets (P 
< 0.0001). In summary, dietary supplements that are designed to change 
the microbial population structure within the young poult can potentially 
alter the developmental morphology of the small intestine.

Key Words: intestine, probiotic, prebiotic, villus, crypt depth

57   Microbial influence on intestinal development and mode 
of action of mannan oligosaccharides in broiler chicken. N. S. 
Withana Gamage*1, S. L. Cheled-Shoval2, Z. Uni2, and A. G. Van 
Kessel1, 1University of Saskatchewan, Saskatoon, SK, Canada, 
2Hebrew University of Jerusalem, Rehovot, Israel.

This study examined the effect of intestinal microbiota and dietary 
supplementation of mannan oligosaccharides (MOS) on mucosal 
architecture and digestive physiology in broiler chicks. In experiment 
1, pre-sterilized eggs were placed in HEPA (high efficiency particulate 
air –filtered) isolator units at d 19 of incubation. Germ-free chicks in 
one isolator were conventionalized by exposure to cecal contents from 
a laying hen. Bacterial contamination occurred in a second germ-free 
isolator found to be monoassociated with a gram-negative bacteria 
related to Acinetobacter spp. Thus the modified experiment comprised 
germ-free (GF, n = 10), conventional (CV, n = 19), and monoassociated 
(Mono, n = 13) birds. Dietary treatments assigned each isolator included 
a negative control (NC, 0 g/kg of MOS in the basal diet) and MOS (2 
g/kg of MOS in the diet). Body weight of chicks was recorded at d 7 of 
age before euthanasia and collection of visceral organs, intestinal tissues 
and contents. Body weight, relative length of small intestinal segments 
and relative bursa weight were significantly increased (P < 0.05) in 
CV birds. These birds also had a significantly increased (P < 0.05) 
crypt depth and lamina propria area (LPA) than others. The CV birds 
supplemented with dietary MOS had increased (P < 0.05) villus height 
and villus surface area compared with GF and Mono birds fed MOS. 
Compared with birds fed the control diet, MOS significantly increased 
(P < 0.05) the abundance of proliferative cell nuclear antigen (PCNA), 
toll-like receptor (TLR)-4, avian β-defensin (GAL6), interleukin (IL)-8, 
peptide transporter (PepT)-1, and sodium-dependent glucose transporter 
(SGLT)-1 mRNA and the brush border activity of maltase. However, 
the effect of microbial status on selected gene expression profiles was 
surprisingly limited. These studies demonstrate that under good hygienic 
conditions, CV chicks thrive similar to GF birds. The observation of 
MOS effects in both GF and CV birds supports the conclusion that 
MOS is a ligand interacting with host transmembrane receptors directly 
affecting host response.

Key Words: chicken, microbiota, germ-free, small intestine, mannan 
oligosaccharides

58   Evaluation of Calsporin and IMW50 on production perfor-
mance in laying hens from 16 to 32 weeks of age. K. Susmilch*1, 
S. Johal1, T. Lohrmann2, J. Walls2, and K. Livingston1, 1California 
Polytechnic State University, San Luis Obispo, CA, 2Quality Technol-
ogy International Inc., Elgin, IL.

Research has shown that the addition of probiotic and prebiotics to 
the diets of broilers improves performance parameters. Little research 
has been done in laying hens to determine if similar improvements in 
performance are observed. Therefore, we conducted a 15 week study 
to evaluate the effect of the prebiotic IMW50 and the probiotic Cal-

sporin on the production performance of laying hens. Five hundred 
sixty-seven 16-wk-old Hy-Line W-36 layers were fed a diet containing 
either Calsporin (Bacillus subtilis C-3102; 0.05%), IMW50 (mannan 
-oligosaccharide; 0.05%), or Calsporin and IMW50 (0.05% each). 
Hen-day egg production (HDEP), body weight gain (BWG), and feed 
conversion ratio (FCR) were calculated for each treatment group. In 
addition to daily egg collection, on wk 4 and wk 8, eggs were collected 
and analyzed for specific gravity, and egg mass. The dietary treatments 
did not alter the mortality of the birds. There were no significant differ-
ences for specific gravity, egg mass, BWG, or FCR between treatment 
groups. Calsporin (P = 0.0004) and IMW50 (P = 0.0032) both had a 
significant improvement on HDEP. However, there was no significant 
interaction between Calsporin and IMW50. In addition, there was a 
significant effect of week (P < 0.0001) on HDEP. Evaluation of all 15 
wk showed a Calsporin × week interaction (P < 0.0001) whereby at wk 
9 and wk 12, Calsporin was not significantly improved over the control. 
The results show that the addition of Calsporin and IMW50 improves 
HDEP in layers. However, the combination diet of Calsporin and IMW50 
were not significant in HDEP improvement.

Key Words: probiotic, prebiotic, Bacillus subtilis C-3102, layers, 
hen-day egg production

59   Impact of aflatoxin B1 and hydrated sodium calcium alumi-
nosilicate on hepatic gene expression in broiler chicks and Pekin 
ducks. X. Chen*1, N. Horn2, and T. J. Applegate1, 1Purdue Univer-
sity, West Lafayette, IN, 2JBS United Inc., Sheridan, IN.

Two experiments were conducted to determine the effects of aflatoxin 
B1 (AFB1) and hydrated sodium calcium aluminosilicate (HSCAS) on 
hepatic gene expression in male broiler chicks and Pekin ducks. The 
broiler experiment consisted of 8 dietary treatments, with 4 concentra-
tions of AFB1 (0, 0.5, 1, and 2 mg/kg) with or without HSCAS (0.5%). 
Each diet was fed to 8 replicate cages per diet (6 chicks per cage) in a 
completely randomized design from 0 to 21 d of age. The duck experi-
ment consisted of 4 dietary treatments with 4 concentrations of AFB1 
(0, 0.1, 0.2, and 0.3 mg/kg). Each diet was fed to 6 replicates per diet 
(6 ducks per replicate) in a completely randomized design from 0 to 14 
d of age. Hepatic expression of 9 and 6 genes for the broiler and duck 
experiment were determined, respectively, using quantitative real-time 
PCR. Data from the broiler experiment were analyzed as a 2-way 
ANOVA, whereas data from the duck experiment were analyzed as a 
1-way ANOVA using the GLM procedure of the SAS system; orthogonal 
polynomial contrasts were performed to determine the linear and qua-
dratic effect of increasing AFB1 concentration on duck gene expression. 
Results showed that 2 mg/kg AFB1 upregulated interleukin 6, glutathi-
one peroxidase, epoxide hydrolase, and glutathione S-transferase, and 
downregulated superoxide dismutase (SOD) and cytochrome P450 1A1 
(CYP1A1) expression in broilers (P < 0.001). The HSCAS supplement 
increased interleukin 1β, catalase, SOD, and CYP1A1 expression (P ≤ 
0.034). In ducks, liver expression of peroxisome proliferator-activated 
receptor-α was downregulated linearly by increasing AFB1 concentra-
tions (P < 0.05), but no other genes were affected by AFB1 even though 
as little as 0.1 mg/kg AFB1 reduced performance. The current study 
shows that AFB1 from 0.5 to 2 mg/kg can negatively affect hepatic 
gene expression in broilers, and HSCAS stimulates transcription of 
antioxidant genes, which may mitigate effects of aflatoxicosis; in ducks, 
AFB1 up to 0.3 mg/kg has minimal effect on hepatic gene expression, 
even though growth was impaired.

Key Words: aflatoxin B1, broiler, duck, liver, gene expression
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60   Effects of dietary enzyme supplementation on nutrient 
digestibility and growth performance of chicks fed diets with high 
amounts of meat and bone meal. A. M. Evans* and J. S. Moritz, 
West Virginia University, Morgantown, WV.

Solid state fermentation (SSF) is a naturally fermented product with 
multiple enzyme activities including carbohydrase and protease. Veg-
etable protein (VegPro) is an enzymatic complex that improves energy 
and amino acid digestibility of dietary protein sources. Efficacy of these 
products has been demonstrated in all-vegetable diet formulations but 
not in diets containing high amounts of meat and bone meal (MBM). 
The objective of the current study was to identify the effect of SSF and 
VegPro separately or in combination on the digestibility of complete 
diets containing 8% MBM using cecectomized roosters and broilers. In 
experiment 1, 72 roosters (8 replications per treatment) were precision 
fed negative (NC) and positive control (PC) diets containing MBM that 
differed in crude protein and digestible amino acids by 15% as well as 
NC containing SSF, VegPro, or a combination to determine true amino 
acid digestibility (TAAD). Roosters were also precision fed MBM with 

or without the enzyme combinations. The diet containing SSF partially 
resolved the NC detriment for methionine (P < 0.0001), whereas diets 
containing SSF or VegPro partially resolved the NC detriment for lysine 
(P < 0.0001). Enzyme addition to MBM did not improve TAAD. In 
experiment 2, 360 Cobb 500 broilers were randomly assigned to pens 
and similar dietary treatments and reared from d 1 to 21. On d 21, 
birds were euthanized and contents of the lower ileum were analyzed 
for amino acids. Birds fed SSF and VegPro partially resolved the NC 
detriment, gaining significantly more weight and resulting in a lower 
feed conversion ratio than birds fed NC (P < 0.0001). Ileal digestible 
proline, cysteine, valine, isoleucine, leucine, and lysine were greatest for 
PC, lowest for NC, and intermediate for the diet containing the enzyme 
combination (P < 0.0001). Digestibility of MBM was not improved with 
either enzyme or combination, suggesting the enzymes have a greater 
effect on non-MBM components of complete diets.

Key Words: solid state fermentation, vegetable protein, cececto-
mized rooster, broiler, amino acid digestibility
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Student Competition: Nutrition IV

61   Effect of various feeding programs during production 
period for broiler breeder hens on reproductive performance. N. 
Boonsinchai*, J. England, K. Vignale, J. V. Caldas, M. Putsakham, 
P. Sodsee, A. Magnuson, and C. N. Coon, University of Arkansas, 
Fayetteville, AR.

Research has shown that most egg yolk lipids came from de novo 
synthesis at the beginning of lay and then from feed and body mobiliza-
tion at older age (Duran et al., 2011). A feed withdrawal program that 
removes approximately 10% of peak feed from 30 to 45 wk of age may 
not provide adequate energy to breeder hens for lean mass gain and egg 
production. The objective of the present study was to determine the effect 
of different feeding programs during production period (21–65 wk of 
age) on reproductive performance of broiler breeder hens. At 21 wk of 
age, a total of 324 breeder females (Cobb 500) were randomly assigned 
into 6 treatments, 54 birds each, and placed in individual battery cages. 
Feeding program 1, 2, 4, 5, and 6 provided 390 kcal of ME/kg/hen/day 
at 60% egg production while program 3 provided the same feed amount 
at 75% egg production. Feed was withdrawn after peak production only 
in program 2 (10% of peak feed during 30 to 45 wk of age). Peak feed 
intake was increased to 415 kcal ME/hen/day at 75% egg production 
(program 4) and at 32, 35, and 40 wk of age for programs 3, 5, and 6, 
respectively. The ANOVA was used to compare means of interested 
parameters using SAS 9.3. The accumulated egg production from 25 
to 47 wk of age from treatments 3 (119.6 eggs/hen) and 5 (118.8 eggs/
hen) had higher (P < 0.001) total egg numbers than breeders in other 
programs (105.3 to 111.7 eggs/hen). Feeding program 2 showed a faster 
post-peak reduction in egg production compared with other programs. 
The difference in hen body weight among treatments appeared at 35 
wk, at which time hens in treatment 2 had lower body weights (3.56 
kg vs. 3.65 kg average, P < 0.001) than other groups. At 47 wk of age, 
chick weights at hatch were also different among treatments, relating 
to hen weights. Chicks from treatment 2 had lower hatch weights (P < 
0.001) than chicks from other treatments. In conclusion, standard feed 
withdrawal program after peak production may need to be modified for 
breeders of today to provide adequate kilocalories of energy needed for 
lean mass accretion and maximum hatching egg production.

Key Words: feeding program, peak feed, egg production, hatchabil-
ity, growth performance

62   Evaluation of feeding dietary flaxseed oil on egg yolk fatty 
acid content of first-cycle laying hens. I. J. Ehr*1, J. Lewis1, M. 
Fray3, and M. E. Persia2, 1Iowa State University, Ames, IA, 2Virginia 
Tech, Blacksburg, VA, 3ADM Oilseed Processing, Red Wing, MN.

The objective was to evaluate the transfer of n-3 (omega-3) fatty acids 
(ALA, EPA, and DHA) from either milled flax seed (MFS) or extracted 
flax seed oil (FSO) into egg yolk over an 8-wk feeding period. In total, 
132 W-36 Hy-Line hens were randomly placed into 4 cages for each of 
the 11 dietary treatments, resulting in 3 hens per cage (438 cm2/hen) in a 
completely randomized design with ad libitum access to feed and water. 
Experimental diets were formulated to be isocaloric and consisted of a 
control diet, 5 FSO diets (0.5, 1.0, 2.0, 3.0, 5.0% added FSO), 5 MFS 
diets (estimated oil concentration from the MFS 0.5, 1.0, 2.0, 3.0, 5.0%). 
Egg production and egg weights were measured daily. Body weights 
were recorded initially and at wk 4 and 8 of the experiment. Feed intake, 
egg to feed ratio, egg solids, and yolk fatty acid profile were measured 
on wk 4, 6, and 8. The data were analyzed using ANOVA and, if a single 

time point was measured, Fisher’s protected least significant difference 
test, or, if multiple measurements were recorded over time, repeated 
measures and Tukey’s test was used to separate means. In all cases, 
significance was accepted at P ≤ 0.05. The n-3 fatty acid concentration 
in the yolk increased as both FSO and MFS concentrations increased. 
Linear regression modeling was used to determine transfer of n-3 fatty 
acids to the yolk. Extracted FSO resulted in an equation of y = 1.6037x 
+ 2.1708 (P < 0.01; R2 = 0.965) n-3 fatty acids in the yolks compared 
with y = 0.7833x + 2.3102 (P < 0.01; R2 = 0.911) for the MFS. There 
were no significant differences in feed intake (P = 0.93) or final body 
weights (P = 0.67) among treatments and the difference in hen-housed 
egg production (P = 0.03) was not thought to affect yolk n-3 fatty acid 
content. There were reductions in body weight gain over the 8-wk period 
as the diets with the highest FSM concentration (15% FSM and 5.0% flax 
oil) resulted in reduced weight gain compared with all other treatments 
(P = 0.01). In conclusion, n-3 fatty acids were transferred to egg yolk 
at approximately twice the rate when FSO was compared with MFS.

Key Words: flaxseed oil, n-3 fatty acid, egg yolk, laying hen

63   Assessing the digestible lysine requirement of laying hens 
while maintaining an ideal amino acid profile. D. Kumar*, C. 
Raginski, K. Schwean-Lardner, and H. L. Classen, University of 
Saskatchewan, Saskatoon, SK, Canada.

As laying hens improve in egg production and other characteristics, it 
is relevant to examine their response to dietary digestible ideal amino 
acid level. Research using Lohmann LSL pullets (28 to 40 wk of age) 
compared digestible Lys (dLys) intake levels of 550, 625, 700, 775 and 
850 mg/hen/d, with dLys kept in proportion to other essential amino 
acids. Each treatment (trt) had 10 replicates (2 cages of 6 birds each). 
Diets containing 500 and 850 mg dLys/kg feed were blended every 3 
wk based on feed consumption to produce diets that would provide trt 
levels of dLys intake. Data collection included egg production (5 d/
wk), and feed intake, egg weight and egg specific gravity every 3 wk. 
Feed efficiency was calculated based on egg and egg mass production, 
and feed intake. Data were analyzed for dLys effects using SAS 9.3 
and a completely randomized design; regression analysis was used to 
determine the relationship between dependent variables and dLys intake. 
Differences were considered significant when P < 0.05. In the following, 
result means are shown in brackets in order of increasing dLys intake 
(550, 625, 700, 775, and 850 mg/hen/d). Means followed by different 
superscript letters are significantly different. Actual dLys intake (mg/d) 
varied slightly from trt objectives as shown by the comparative values 
in parentheses (550 vs 553; 625 vs 647; 700 vs 719; 775 vs 804; 850 
vs 856 mg/d). Hen-day egg production increased in a quadratic fashion 
with dLys intake (88.4b, 94.4a, 96.7a, 97.2a, 97.0a %). Egg weight (54.4d, 
57.0c, 58.5b, 59.7a, and 60.0a g) and egg mass (48.5c, 53.9b, 56.5ab, 58.0a, 
and 58.0a g/h/d) similarly increased quadratically with dLys intake. Feed 
efficiency (kg feed/kg egg mass – 1.87a, 1.79b, 1.74bc, 1.68c, and 1.67c) 
and egg specific gravity (1.089a, 1.088a, 1.088a, 1.088a, and 1087b) 
decreased in a quadratic manner with increasing dLys intake. Dietary 
trt did not affect feed per dozen eggs (1.32, 1.32, 1.32, 1.31, and 1.30 
kg of feed per dozen). In conclusion, the requirement of laying hens for 
amino acid balanced dLys varies with response criteria.

Key Words: ideal protein, egg weight, feed efficiency, specific 
gravity
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64   Effect of dietary protein source on early turkey perfor-
mance. M. L. DeVisser*, T. A. Scott, and H. L. Classen, University 
of Saskatchewan, Saskatoon, SK, Canada.

Protein nutrition during the early life of turkey poults is important 
because of its long lasting effect on bird performance. This study 
evaluated the digestibility of 5 protein sources—canola protein con-
centrate (CPC), fish meal (FM), porcine meal (PM), corn gluten meal 
(CGM), and soybean meal (SBM)—as well as examining the effect of 
replacing a portion of SBM with CPC, FM, PM, and CGM on early 
turkey performance. In Exp. 1, AMEn and apparent ileal amino acid 
digestibility (AID) were determined for each ingredient in 5 and 21 d 
broiler chickens. In Exp. 2, 4 replication pens (23 mixed-sex Hybrid 
Converter poults each) were fed 1 of 5 dietary treatments formulated 
based on the results of Exp. 1, and consisting of a high SBM diet (con-
trol), and 4 diets where CPC, FM, PM, and CGM replaced 25% of the 
protein supplied by SBM in the control diet. The crude protein content 
of the diets were 27.7, 28.6, 28.5, 28.8, and 28.6% for SBM, CPC, 
FM, PM, and CGM, respectively. The research examined the effect of 
this substitution on poult performance from 0 to 21 d of age. Statistical 
analyses were completed using Proc Mixed in SAS, with a 5 × 2 factorial 
arrangement in Exp. 1 and a completely randomized design in Exp. 2. 
Planned contrasts in Exp. 2 permitted comparison of the control with 
each substituted diet, as well as the average of the substituted diets. 
Differences were considered significant when P ≤ 0.05. The AMEn 
was not different between d 5 and 21 for CPC, FM, CGM, and SBM, 
but decreased with age for PM. AID generally increased with increas-
ing age, but the response was AA and ingredient dependent, with the 
largest response observed for CGM. Comparisons of the control versus 
the average of the substituted diets revealed that inclusion of CPC, FM, 
PM, and CGM increased body weight compared with SBM up to 14 
d, with no effect on feed efficiency. Contrasts of the control versus the 
average of the substituted diets showed no effect on water consumption. 
However, water consumption tended to increase for poults fed CPC 
and PM (P = 0.08) diets compared those fed SBM. Combining SBM 
with CPC, FM, PM, or CGM significantly improves poult performance 
during the first 14 d of life.

Key Words: protein source, early nutrition, soybean meal, amino 
acid digestibility

65   The effects of modest improvement to pellet quality on tom 
turkey performance. B. G. Glover*, A. M. Evans, and J. S. Moritz, 
West Virginia University, Morgantown, WV.

Feed and feed manufacture comprise 60 to 70% of turkey production 
cost. Past research has demonstrated that benefits of pelleting per se 
ultimately provide an economic return on investment. However, less 
is understood concerning returns on modest improvements to feed of 
poor physical quality. The objective of this study was to compare the 
performance of tom turkeys that receive feed of poor physical quality 
at the feed pan to tom turkeys receiving an improved crumble and pellet 
percentage at the feed pan. A common starter diet was batched, mixed, 
steam conditioned at 79°C, extruded through a 44.5 × 4.8 mm pellet die, 
and crumbled at the West Virginia University pilot feed mill. Physical 
feed quality differences of the starter diet were created by manipulating 
the roller mill gap during the crumbling process. The physical quality 
of the starter diets was defined as retained percentage of sieved feed 
and particle size. Feed retained on a No. 5 ASTM screen (4.0 mm) was 
described as a pellet, feed retained on a No. 14 ASTM screen (1.4 mm) 
was described as a crumble, and feed that passed through the No. 14 

ASTM screen was described as fines. The feed defined as poor physical 
quality contained 20% pellets, 47% crumbles, 33% fines, and a mean 
geometric particle size of 1,908 µm. The feed defined as improved 
physical quality contained 63% pellets, 17% crumbles, 20% fines, 
and a mean geometric particle size of 2,521 µm. Diets were fed to 8 
replicate pens of 80 Hybrid Converter male poults using a randomized 
complete block design. Poults were provided a common pretest diet for 
the first 14 d consisting of 0.4% pellets, 56% crumbles, 43% fines and 
a mean geometric particle size of 1,196 µm. Day 14–42 feed intake, 
poult weight, feed conversion ratio, and mortality were not affected by 
differences in feed physical quality (P > 0.05). A trend for increased 
consumption of the improved physical quality feed (P = 0.1) without 
a subsequent trend in improved poult weight (P = 0.95) suggests that 
poults may have wasted the improved physical quality feed.

Key Words: pellet, turkey, feed form, particle size, crumble

66   Effect of roller mill ground corn inclusion and floor types 
on broiler gastric development and intestinal morphology. Y. Xu*, 
C. Stark, P. Ferket, C. Williams, and J. Brake, Prestage Department 
of Poultry Science, North Carolina State University, Raleigh, NC.

Dietary coarsely ground corn (CC) or new litter has been shown 
to improve broiler live performance through the unique interaction 
between gizzard activity and gastrointestinal tract (GIT) function. 
The objectives of the present study were to evaluate the effect of CC 
inclusion and different floor types on GIT development and intestinal 
morphology. The experiment was a factorial arrangement of 2 dietary 
levels of CC (0 and 50%) and 3 floor types [wire net (WN), new wood 
chip litter (NL), and recycled old litter (RL)]. A total of 1,152 day-old 
male broiler chicks were randomly assigned to 1 of 6 treatments with 6 
replicate pens per treatment and 32 birds per pen. Fine corn (FC) was 
produced with a hammermill (271 µm) whereas CC was produced with 
a roller mill (1,145 µm). From 0 to 14 d, a common crumble diet with 
100% FC was fed. The grower and finisher diets were fed as pellets 
and contained either 100% FC or a blend of 50% FC and 50% CC. At 
28 and 49 d of age, the addition of CC resulted in increased gizzard 
weight (P < 0.01) while NL resulted in greater gizzard weight than 
WN and RL (P < 0.05). Dietary inclusion of 50% CC significantly 
decreased proventriculus weight at 49 d (P < 0.01), and NL decreased 
proventriculus weight as compared with WN at 28 and 49 d (P < 0.05). 
At 28 d, inclusion of 50% CC increased pancreas weight (P < 0.01), and 
WN exhibited greater pancreas weight than RL (P < 0.05). Inclusion 
of 50% CC decreased liver weight at 49 d (P < 0.05). At 49 d of age, 
inclusion of 50% CC increased jejunum villi height (P < 0.01), surface 
area (P < 0.05), villus height:crypt depth ratio (P < 0.05), and ileal villi 
surface area (P < 0.05), but decreased ileal muscularis thickness (P < 
0.05). NL increased jejunum villi height (P < 0.05), surface area (P < 
0.05), and ileal muscularis thickness (P < 0.05), but decreased ileal 
villi surface area as compared with WN (P < 0.05). Broilers that were 
fed diets containing 50% CC or raised on NL exhibited enhanced GIT 
function as evidenced by differential GIT development. This indicated 
that the broiler may require some coarse textural component to facilitate 
complete gastric development and function.

Key Words: corn particle size, broiler, gizzard, GIT development, 
intestinal morphology
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67   Feed form and liquid application method effects on feed 
augering segregation. R. B. Sellers*1, J. Boney2, C. McDaniel1, J. S. 
Moritz2, and K. G. S. Wamsley1, 1Mississippi State University, Mis-
sissippi State, MS 2West Virginia University, Morgantown, WV.

Preliminary research in association with 4 different poultry integrators 
demonstrated that pellets and fines segregate when transported and 
augered from the feed mill throughout a commercial house. Nutrients, 
such as phytase, also segregated based on liquid application method 
(LAM). The objective of the current study was to quantify the effects of 
feed form (FF; 75 or 55% pellets) and LAM (mixer or post-pellet addi-
tion of fat and liquid phytase) on feed quality and nutrient segregation 
as diets are augered throughout a commercial poultry house feed system. 
All diets were of common formulation, including total supplemental fat 
inclusion (2.44%) and use of a liquid, heat stable phytase enzyme. Except 
for LAM, feed manufacture methodology was identical among dietary 
treatments. The 75% pellet treatment was made first, and then a portion 
of the diet was ground and mixed with pellets to create the 55% pellet 
treatment. Diets requiring post-pellet LAM were initially manufactured 
with 1% mixer-added fat. All treatments were added back to the mixer 
and fat, as well as phytase, was added based on LAM. The experimental 
unit was a 680.6-kg allotment of feed, and run order was replicated 4 
times. Six feed pan sampling locations were identified throughout the 
line at 0, 15, 30, 32, 44, and 58 m. There were 4 augering times (each 
time the feed line completely filled) for each replicate at each location, 
resulting in 384 feed samples. Data were analyzed as a randomized 
complete block with spilt-spilt plot design utilizing a 2 FF × 2 LAM 
factorial arrangement. Treatments were blocked by run order; split plot 
was augering time, and split-split plot was feed pan location. The main 
effect for LAM (P < 0.0001) demonstrated that post-pellet diets had 
increased percent pellets as compared with mixer. A significant location 
× FF interaction (P < 0.0001) established that percent pellets declined 
dramatically when feed was augered from 0 to 15 m and 44 to 58 m 
regardless of FF; however, the 75% pellet treatment fluctuated from 50 
to 44 m, but the 55% treatment remained stable. These differences may 
affect nutrient segregation and bird performance/uniformity.

Key Words: pellet quality, feed manufacture, commercial, post-pellet

68   Understanding the importance of particle size to improve 
oil inclusion in pellets with or without vacuum coating. S. Lamich-
hane*, K. Sahtout, J. Smillie, and T. A. Scott, University of Saskatch-
ewan, Saskatoon, SK, Canada.

Vacuum coating is not usually associated with pelleted broiler feed. 
However, if vacuum coating can economically improve broiler perfor-
mance, then pellet porosity and liquid uptake will become more impor-
tant. An experiment was conducted to investigate the effect of particle 
size on post pellet fat absorption with (V+) and without (V−) vacuum 
coating. Three different grains; wheat, barley and corn were ground 
with hammer mill using 2 different screens (3.17 and 6.35 mm). Two 
ground and a whole grain (i.e., 3 particle sizes) for each of the 3 grains 
were pelleted using a 4.7-mm die. Following cooling, samples of intact 
pellets were prepared for additions of canola oil (15% by weight) that 
was deemed to be in excess of pellet surface area and porosity. Statistical 
analysis was carried out separately for 3 grain types; duplicate mea-
surements of oil uptake were taken and analyzed based on completely 
randomized design for particle size (n = 3) and coating method (V+ and 
V−) for each of the grain. With coarse grinding, particle size was highest 
for barley (1,896 ± 54.5 µm), then wheat (1,289 ± 46.5 µm) and corn 
(1,057 ± 59.11 µm). The particle sizes of finely ground grains were 1153 
± 81.0 µm, 767 ± 36.0 µm and 732 ± 21.0 µm for barley, wheat and 
corn, respectively. Overall, there was a 1.4 ± 0.36% higher oil uptake 

when vacuum (V+) was applied during oil addition and mixing in all 
of the pellets. There were significant differences in amount of canola 
oil absorbed in all grain sources with different particle size (P < 0.05). 
The highest oil absorption (11.6%, V+; 9.7%, V−) was found in pellets 
produced from barley that was finely ground. However, for wheat and 
corn, pellets produced from coarse particle size absorbed more oil than 
pellets from fine particle size, both with and without vacuum coating. 
The pellets formed from whole grain absorbed the least amount of oil 
(P < 0.05) in all grain sources, both with (V+; 8.2, 8.8 and 4.2%) or 
without (V−; 6.9, 7.4 and 3.2%) vacuum, respectively for wheat, barley 
and corn. In conclusion, particle size of the grain can be manipulated 
to get higher post pellet fat absorption, using both coating methods.

Key Words: particle size, fat absorption, vacuum coating, broilers, 
pellets

69   An analysis of the causative relationship between daily feed 
and water consumption in broilers. D. McCreery* and S. Watkins, 
University of Arkansas, Fayetteville, AR.

The objective of this study was to determine if there is a causative 
relationship between daily feed and water consumption with the goal 
of establishing if the daily intake of one influences the next day’s 
consumption of the other. Daily production data was collected from 13 
successive flocks at a 4-house broiler farm. This farm is solid sided and 
tunnel ventilated. Bird placement averaged 20,298 birds per house with 
a range of 19,500 to 21,375 and an average stocking density of 13.66 
birds/m2. Average growout was 45 d with a range of 42 to 49 d. Daily 
water and feed intake values were analyzed in 3 ways; water intake’s 
effect on the following days feed consumption, feed consumption’s 
effect on the following day’s water intake and daily feed and water 
intake. The brood portion of each flock was not used in the calcula-
tions. All 3 variations were found to be highly correlated (P < 0.0001). 
Analysis of daily feed consumption compared with daily water intake 
was found to be significant (P < 0.0001) and can be predicted by the 
slope water/1,000 head = 38.68 + 1.52 × feed/1,000 head. The effect 
of feed consumption on the following day’s water intake was found 
to be significant (P < 0.0001) and can be predicted using the slope: 
water/1,000 head = 48.65 + 1.50 × feed/1,000 head. The comparison 
of water intake to the following day’s feed consumption was found to 
be significant (P < 0.0001) and predicted using feed/1,000 head = 3.56 
+ 0.55 × water/1,000 head. It was found that the relationships between 
the 3 variables were all similarly correlated and therefore a causative 
factor could not be identified.

Key Words: broiler, feed, water, nutrition

70   Effect of particle size of distillers dried grains with solubles 
and soybean meal on pellet quality, nutrient digestibility, and 
broiler live performance. W. J. Pacheco*, A. C. Fahrenholz, C. R. 
Stark, P. R. Ferket, and J. Brake, Prestage Department of Poultry Sci-
ence, North Carolina State University, Raleigh, NC.

Expeller-extracted soybean meal (ESBM) remains after soy oil has been 
mechanically removed from whole soybeans. ESBM contains more 
fat and energy but less protein and higher trypsin inhibitor (TI) levels 
than solvent-extracted soybean meal (SSBM), which has limited its 
inclusion in diets of young chicks. Inclusion of coarse feed ingredients 
has been shown to alter gastrointestinal function, nutrient digestion, 
and broiler live performance, but coarse particles have also decreased 
pellet quality. The objective of these studies was to evaluate effects of 
particle size of distillers dried grains with solubles (DDGS) and SBM 
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on pellet quality, nutrient digestibility, organ development, and live 
performance. Experiment 1 and 2 evaluated the effect of SBM source 
(SSBM and ESBM), particle size (coarse: 1,024 µm and fine: 408 µm), 
and TI level (6, 9, 12, 15, 18, and 21 TIU/mg) on pellet quality and live 
performance. In Experiment 3 particle size (coarse: 745 µm and fine: 
482 µm) and inclusion level (15 and 30%) of DDGS were evaluated. 
The starter diets were fed in crumbled form and the grower and finisher 
diets in pelleted form. Feed intake and BW were determined at 14, 35, 
42, and 49 d of age and feed conversion ratio (FCR) was calculated by 
including mortality BW. Data were analyzed using PROC GLM and 
treatment means were partitioned by Tukey’s test. ESBM had higher 
TI level than SSBM (22.1 vs. 3.8 TIU/mg). Although grinding SBM 
improved pellet quality (P < 0.05), coarse SBM improved (P < 0.05) 
tolerance to TI as coarse SSBM and ESBM and fine SSBM resulted in 
heavier BW at 49 d than fine ESBM. Birds fed fine DDGS had greater 
BW (P < 0.05) and feed intake (P < 0.05) than birds fed coarse DDGS, 
likely due to higher gross energy digestibility (P < 0.05) and AMEn 
(P < 0.05). The weight of the pancreas increased linearly as TI level 
increased (P < 0.05). Birds fed 30% DDGS had greater proventriculus 
weight (P < 0.05) than birds fed 15% DDGS. Birds fed coarse DDGS 
had greater gizzard weight (P < 0.05) than birds fed fine DDGS. The 
results of these experiments indicated that coarse SBM could ameliorate 
the negative effects of high TI levels. Grinding DDGS increased feed 
intake and BW without affecting feed efficiency.

Key Words: SBM, DDGS, pellet quality, trypsin inhibitors, 
digestibility

71   Effect of processing conditions on the nutritive value of 
canola meal for poultry. D. I. Adewole*1, A. Rogiewicz1, B. Dyck2, 
and B. A. Slominski1, 1University of Manitoba, Winnipeg, MB, 
Canada, 2Canola Council of Canada, Winnipeg, MB, Canada.

Studies have shown that the nutritive value of canola meal (CM) can 
be enhanced or diminished by the processing conditions used in the 
canola processing plants. Excessive heating during pre-press solvent 
extraction may result in reduced digestibility of some amino acids 
(AA), particularly Lys. Thus, 3 surveys involving 11 Canadian crush-
ing plants were conducted to determine the effect of processing and 
meal pelleting on the chemical composition of CM. As expected, some 
variations were observed in the contents of AA, glucosinolates, and 
dietary fiber, the components known to be affected by heat treatment. 
Based on their levels, 6 representative samples were selected and used 
in an AA digestibility study involving 240 1-d old broiler chicks. Chicks 
were randomly assigned to 8 semipurified diets (including 2 additional 
diets containing pelleted CM from 2 plants) formulated to contain 22% 
CP and 0.3% Cr2O3 as an indigestible marker. Data were subjected to 
ANOVA using the GLM procedure of SAS. Standardized ileal digest-
ibility values for Arg, Lys, Met, and Thr averaged 88.0, 79.1, 89.9, and 
74.9%, respectively, with very little difference observed between the 
plants. The standardized ileal digestible contents of Arg, Lys, Met, and 
Thr averaged 2.29, 1.82, 0.56, and 1.10%, respectively, and ranged 
from 2.18 to 2.50% for Arg, 1.74 to 2.00% for Lys, 0.49 to 0.65% for 
Met, and 1.00 to 1.38 for Thr. Meal pelleting reduced (P < 0.05) the 
standardized ileal digestible content of all AA in one of the 2 pelleted 
CM samples analyzed. Canola meals from 3 different plants were also 
used in a TME assay. There was no difference in the TMEn values 
which averaged 2227, 2297 and 2200 kcal/kg DM indicating no effect 
of processing conditions on available energy content of CM.

Key Words: canola meal, processing, amino acid, dietary fiber, 
broiler chicken

72   Chemical composition and nutritive value of dehulled 
canola meal for broiler chickens. G. Mejicanos*, A. Rogiewicz, C. 
M. Nyachoti, and B. A. Slominski, University of Manitoba, Winnipeg, 
MB, Canada.

The present study was conducted to explore the potential for the produc-
tion of high-energy, high-protein and low-fiber canola meal fractions to 
be used in high-nutrient density pre-starter diets for broiler chickens. 
Three pre-press solvent extracted canola meals (CM) from conventional 
(black) and yellow-seeded B. napus canola, and canola-quality B. juncea 
were subjected to sieving technology. The use of sieves from 250 to 
600 µm resulted in the production of low-fiber fractions Fine 1 and 
Fine 2. Compared with parent meals, the content of total dietary fiber 
of fractions Fine 1 and Fine 2 decreased from 30.0 to 21.4 and 26.7% 
for conventional CM, from 25.5 to 15.3 and 18.7 for yellow-seeded 
CM, and from 27.0 to 21.6 and 23.4% for B. juncea meal, respectively. 
Likewise, crude protein increased from 36.8 to 42.0 and 39.6% for 
conventional CM, from 41.0 to 43.6 and 43.0% for yellow-seeded CM, 
and from 42.3 to 47.9 and 46.8% for B. juncea meal. One-day-old male 
Ross 308 broiler chicks were randomly assigned to 10 dietary treatments 
of 8 replicate cages of 5 birds each to evaluate the effect of 3 parent 
CM and their respective Fine 1 and Fine 2 fractions at 15% of a diet 
on growth performance of broilers from 1 to 10 d of age. A corn/SBM-
based diet served as a control. All diets were formulated based on the 
determined nutrient composition and were balanced for energy, CP and 
amino acids. There was no significant difference between treatments for 
feed intake, body weight gain and feed efficiency indicating that CM 
and its low-fiber fractions could effectively replace SBM in the broiler 
pre-starter diets. The benefits from using the dehulled meals could also 
be reflected in the cost of feed production which for diets containing 
low-fiber fractions averaged $0.60 per 1 kg of live chicken weight 
when compared with $0.65 for the corn/SBM-based diet. It could also 
be concluded that canola fiber has minimal effect on nutrient utilization 
as evidenced by similar growth performance of young broiler chickens 
fed diets containing CM of different fiber content.

Key Words: canola meal, dehulling, dietary fiber, broiler chicken

73   Effect of soy inclusion level on broiler performance and 
metabolizable energy. M. N. Hanson*1 and M. E. Persia2, 1Iowa 
State University, Ames, IA, 2Virginia Tech University, Blacksburg, VA.

Although soy is ubiquitous in poultry production in North America, the 
oil seed and meal produced during oil extraction contains indigestible 
components and anti-nutritive factors that may limit performance in 
poultry. An 11 d bio-assay was performed using 576 male Ross 708 
broilers in an attempt to generate a model to study soy inclusion in young 
chickens by evaluating nitrogen corrected apparent metabolizable energy 
(AMEn) using a short-term bio-assay. Two experimental diets were 
formulated to contain high soy, from a combination of toasted full fat 
soybeans and soybean meal (48%), and low soy, replacing soy products 
with dried distillers grains with solubles, canola meal, meat and bone 
meal and synthetic lysine. Three concentrations of dietary soy inclusion 
were generated by blending; low (20% soy products: 100% low soy), 
middle (28% soy products: 50–50 mixture of low and high), and high 
(35% soy products: 100% high soy). Each experimental diet was fed to 
12 cages of 8 chicks in Petersime grower battery cages with continuous 
light provided in a climate controlled room. Birds were raised from 0 to 
9 d on a broiler starter diet, and fed experimental diets from 10 to 21 d. 
Diets were formulated to meet or exceed nutrient requirements based 
on NRC (1994) recommendations for broilers. Data were analyzed 
using ANOVA and Fisher’s LSD, SAS procedures, to separate means 
if significance was detected (P ≤ 0.05). Individual body weights were 
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recorded at 10 and 21 d with excreta collected over 3 d and sampled on 
d 21 to determine AMEn. Increased soy inclusion had a negative effect 
on feed consumption, resulting in reduced (P = 0.05) feed intake in high 
soy diets compared with low and middle inclusions (721, 709, 684 g/
chick respectively). No significant differences were observed for body 
weight gain, feed efficiency, and AMEn (467 g/chick, 775 g/kg, 3,135 
kcal/kg respectively). Although feed intake was higher in birds fed low 
soy compared with high soy diets, these diets did not generate significant 
differences in weight gain, feed efficiency or AMEn suggesting further 
differences in dietary soy content may be needed.

Key Words: broiler, soy, performance, metabolizable energy

74   The effect of dietary corn particle size and post-pellet liquid 
fat application on broiler live performance. S. Auttawong*, A. C. 
Fahrenholz, and J. Brake, Prestage Department of Poultry Science, 
North Carolina State University, Raleigh, NC.

A floor pen experiment with new wood shavings litter was conducted 
to evaluate the effect of corn particle size and post-pellet liquid fat 
application on broiler live performance from 1 to 35 d of age. The 640 
Ross 344 × Ross 708 male chicks were assigned to a factorial arrange-
ment of treatments consisting of 2 dietary inclusions of coarse corn 
(CC; 0 and 10% or 0 and 20% of total dietary corn in starter and grower 
diets, respectively) and 4 liquid fat applications (0.75, 1.50, 2.25, and 

3.00% in mixer plus 2.50, 1.75, 1.00, and 0.25%, respectively added 
post-pellet to give a total added fat content of 3.25%). Each of the 8 
treatment combinations was replicated with 5 pens of 16 birds each. Fine 
corn (FC) was ground with a hammermill to 287 μm (2.4-mm screen) 
while coarse corn (CC) was ground with a roller mill to 806 μm. The 
FC and CC were blended to create the CC inclusion levels. Feed intake 
and BW were determined at 14, 28, and 35 d of age and adjusted feed 
conversion ratio (AdjFCR) was calculated by including BW of mortality. 
Feed intake and BW were not affected in broilers fed CC. AdjFCR was 
improved by CC at 28 d but the effect was no longer observed at 35 d. 
The quantity of post-pellet fat applied had no effect on feed intake and 
BW. However, 3.00% mixer fat addition produced poorer AdjFCR at 28 
d but the effect diminished by 35 d. In the presence of 3.00% mixer fat 
addition, AdjFCR was poorer in broilers fed CC but improved in broilers 
fed FC. Based upon these and other data, approximately 800 microns 
CC was appropriate for broilers under 28 d of age and CC should be 
larger thereafter. The AdjFCR suggested the optimum mixer fat addi-
tion to be approximately 1.50–2.25% at 28 d. The interaction between 
CC and mixer fat addition suggested that even though CC improved 
AdjFCR, pellet quality was still important. Therefore, in the presence 
of CC, high mixer fat addition should be avoided.

Key Words: broiler live performance, corn particle size, post-pellet 
liquid fat application
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75   Effect of rearing environment on bone health of White Leg-
horn pullets. P. Regmi*, T. Deland, J. P. Steibel, R. C. Haut, M. W. 
Orth, and D. M. Karcher, Michigan State University, East Lansing, 
MI.

Alternative housing systems provide mechanical loading and help reduce 
structural bone loss in adult laying hens. In addition to slowing the rate 
of bone loss, achieving greater peak bone mass during pullet phase can 
be crucial to prevent fractures in the production period. The aim of this 
study was to determine the housing system effects on the bone quality 
of pullets. Tibiae and humeri of White Leghorn pullets reared in con-
ventional cages (CC) and a cage-free aviary system (AV) were studied 
as part of the Coalition for a Sustainable Egg Supply. At 16 weeks, 120 
birds at random from each housing system were euthanized. Right and 
left tibiae and humeri were collected for analysis of structure, composi-
tion, and mechanics. Cortical bone density (CBD) and thickness were 
measured using CT. Periosteal and endosteal dimensions were measured 
at the fracture site during mechanical testing. At wk 4, 8, 12, and 16, 
osteocalcin (OC) and pyridinoline (PYD) were analyzed as markers of 
bone formation and resorption. CBD was higher (P < 0.05) in humeri of 
AV pullets and tibiae were denser (P < 0.05) for AV pullets in the distal 
section of the bone compared with CC pullets. Ash content was higher (P 
< 0.05) in AV humeri with no difference in tibiae ash content. Tibiae and 
humeri of AV pullets had a thicker cortex than the CC pullets (P < 0.05). 
Additionally, the tibiae and humeri of AV pullets had greater (P < 0.05) 
second moment of areas than the CC pullets. While some bone material 
properties between groups were different (P < 0.05), the percentage 
differences were so small (less than 7%) that they likely have no clini-
cal significance. Serum OC concentrations were not different between 
the treatments but PYD concentrations were higher in CC pullets at 12 
wk compared with the AV pullets and the effect reversed at 16 wk (P < 
0.05). These findings indicate that tibiae and humeri respond differently 
to loading during growth. The improved load-bearing capability and 
stiffness of bones from pullets reared in aviary systems were largely 
due to increased bone quantity and not due to changes in bone quality.

Key Words: pullet, aviary, bone, mechanics

76   Does chronic stress affect gonadotropin inhibitory hormone 
expression in White Leghorns? E. A. Pusch* and K. J. Navara, 
University of Georgia, Athens, GA.

The stress of captive life on animals raised for food industry purposes 
often results in inhibited reproduction. When stressed, animals produce 
glucocorticoids (GC) that act to liberate energy for escape of the stressor. 
Long-term exposure to stress exerts inhibitory influences on reproduc-
tive behavior and physiology in birds through the actions of GC, but 
we do not fully understand the mechanism responsible for stress-related 
reproductive inhibition. The hypothalamic neuropeptide gonadotropin 
inhibitory hormone (GnIH) is known to inhibit reproductive physiol-
ogy and behavior in birds. Yet, it is still unknown if GnIH is part of 
the mechanism responsible for reproductive inhibition from stress. We 
hypothesize that stress may hijack this natural regulation, and use GnIH 
to inhibit reproduction. The objective of this study was to test influences 
of stress treatments on GnIH expression in the hypothalamus of white 
leghorns. To induce chronic stress, hens were exposed to food restriction, 
corticosterone administration, or social stress for 10 d. We predicted that 

if GnIH is part of the mechanism responsible for reduced reproduction 
under the condition of chronic stress, birds exposed to chronic stress 
would have higher GnIH expression levels compared with controls. Data 
was analyzed using one-way ANOVA for complete randomized design 
with significance determined at P < 0.05. Differences among means were 
tested by contrast using Fisher’s LSD. Plasma corticosterone levels (P < 
0.001) and tonic immobility test results (P = 0.04 and P = 0.02) showed 
that all 3 treatments induced chronic stress, with 2 of the treatments caus-
ing decreases in reproductive output. Hens that received corticosterone 
stopped producing eggs, had regressed ovaries, and increased body fat 
(P < 0.001). Hens in the social stress and corticosterone groups had eggs 
with significantly reduced mass compared with control (P = 0.014). 
Contrary to predictions, corticosterone significantly decreased GnIH 
expression, whereas social stress and food restriction did not exert a 
significant influence (P = 0.02). Further experimentation is required to 
better understand how GnIH expression responds to stress and if this 
correlates with stress-related reproductive inhibition.

Key Words: stress, corticosterone, reproduction

77   Functional role of the arginine vasotocin 4 receptor (VT4R) 
within two circumventricular organs with respect to the stress 
response in birds. N. A. Aman*, G. Nagarajan, M. Hancock, S. W. 
Kang, and W. J. Kuenzel, University of Arkansas, Fayetteville, AR.

Past studies have shown that the avian vasotocin 4 receptor (VT4R) is 
involved in immobilization stress. It was not known, however, whether 
the receptor was associated with osmotic stress and, if so, what brain 
regions may be involved. Four treatment groups of chicks were used 
for the study. One group was subjected to 1-h immobilization stress and 
2 groups were administered intraperitoneal injection of 3 M NaCl or 
0.15 M NaCl. One additional group served as controls. After 1 h, blood 
samples were taken, birds were anesthetized and perfused with saline 
followed by 4% paraformaldehyde and brains prepared for immunohis-
tochemistry utilizing an antibody made to the VT4R. Plasma concen-
trations of arginine vasotocin (AVT) and corticosterone (CORT) were 
determined by RIA. Plasma CORT levels were significantly increased (P 
< 0.01) in the immobilized group (1,220 ± 270 pg/mL; mean ± SE) and 
(P < 0.05) hypertonic saline group (2,456 ± 485 pg/mL) compared with 
controls (247 ± 41 pg/mL; 266 ± 51 pg/mL respectively). Plasma AVT 
levels were also significantly increased (P < 0.01) in both experimental 
groups (65 ± 2.99 pg/mL, hypertonic NaCl birds; 41.8 ± 5.51 pg/mL, 
restrained birds) compared with controls (23 ± 3.70 pg/mL; 15 ± 3.04 
pg/mL). Intense staining of the VT4R in the organum vasculosum of the 
lamina terminalis (OVLT) and subseptal organ (SSO) was observed in 
birds given hypertonic saline or immobilization stress compared with 
controls. Within the SSO of experimental, but not control, cells with 
single processes arranged in parallel projected toward the dorsal por-
tion of the third ventricle. Results suggest that morphological changes 
in immunostained cells in the 2 circumventricular organs may reflect 
changes in expression associated with both osmotic and immobilization 
stress. Taken together, results provide evidence that both osmotic chal-
lenge and psychological stress may affect the vasotocinergic system via 
the VT4R. Supported in part by NSF grant IOS-0842937 and Arkansas 
Biosciences Institute grant.

Key Words: vasopressin receptor (V1aR), subfornical organ, OVLT
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78   Evidence of autophagy gene and protein expression 
response to heat and oxidative stress in avian muscle cells: In 
vivo and in vitro studies. A. Piekarski*, K. Lassiter, L. Greene, N. 
Anthony, B.-W. Kong, S. Dridi, and W. G. Bottje, Department of 
Poultry Science, Center of Excellence for Poultry Science, University 
of Arkansas, Fayetteville. AR.

The major objective of this study was to determine effects of stress 
(heat or oxidative) on expression of genes and proteins associated with 
autophagy in a quail muscle cell line (QM7) and in Japanese quail. 
QM7 cells were treated with 64 µM 4-hydroxy 2-nonenal (4-HNE, a 
stable secondary lipid peroxide) for 30 min to induce oxidative stress. 
Protein and mRNA expression analysis revealed that several genes in 
the autophagy pathway were upregulated in the 4-HNE treated cells 
compared with control QM7 cells. Heat exposure (45°C for 7 h) induced 
the expression of autophagy-related genes compared with control cells 
maintained at 37°C. Concomitant with these changes, phosphorylated 
AMP-activated kinase (pAMPK) and heat shock protein 70 (HSP70) 
were upregulated compared with QM7 cells maintained at 37°C. These 
data indicate that oxidative and heat stress may induce autophagy path-
way through AMPK. For in vivo studies, male Japanese quail (6 wk old) 
selected for resistance and susceptibility to stress were placed in a small 
environmental chamber and subjected to acute heat stress (40°C for 2 
h). Tissue samples were obtained at hourly intervals from heat-stressed 
and non-heat-stressed quail (maintained at ~25°C). The results indicate 
that the expression of genes and proteins associated with the autophagy 
pathway were upregulated in response to heat stress and that differences 
were observed in stress-resistant and stress-susceptible quail. The results 
of these studies indicate that autophagy mechanisms are present in avian 
cells and tissues and are activated (upregulated) in response to oxidative 
and heat stress conditions. To our knowledge, this is the first report show-
ing the response of autophagy mechanisms to oxidative and heat stress 
in avian species. As autophagy is an energetically expensive process 
but necessary to maintain normal cell function, these mechanisms could 
be profoundly important in commercial poultry production efficiency. 
Supported in part by funds from Arkansas Biosciences Institute.

Key Words: autophagy, gene expression, heat stress, oxidative stress, 
quail muscle

79   The effect of hyperammonemia on myostatin and myo-
genic regulatory factor gene expression in broiler embryos. R. A. 
Stern*1, C. M. Ashwell1, S. Dasarathy2, and P. E. Mozdziak1, 1North 
Carolina State University, Raleigh, NC, 2Cleveland Clinic Lerner 
Research Institute, Cleveland, OH.

Myogenesis is facilitated by 4 myogenic regulatory factors (MRF) 
and is significantly inhibited by myostatin (MSTN). The objective 
of the current study was to examine embryonic gene regulation of 
MSTN/MRF, and subsequent manipulations of protein synthesis, in 
broiler embryos under induced hyperammonemia. Broiler eggs were 
injected with ammonium acetate solution 4 times over 48 h beginning 
on either embryonic day (ED) 15 or 17. Serum ammonia concentration 
was significantly increased (P < 0.05) in ammonium acetate injected 
embryos for both ED17 and ED19 collected samples when compared 
with sham-injected controls. Expression of mRNA, extracted from pec-
toralis major of experimental and control embryos, was measured using 
real-time quantitative PCR for MSTN, and MRFs myogenic factor 5 
(MyF5), myogenic determination factor 1 (MyoD), myogenin (MYOG), 
and myogenic regulatory factor 4 (MRF4). A significant reduction (P 
< 0.01) in MSTN expression accompanied increased serum ammonia 
concentration in both ED17 and ED19 collected samples. There was 
an increase in MyF5 expression (P < 0.05) in ED17 collected samples, 

supporting increased myoblast proliferation. In both ED17 and ED19 
collected samples, MRF4 was decreased (P = 0.05) in ammonium 
acetate injected embryos suggesting increased myoblast proliferative 
activity. No significant difference was seen in expression of MyoD or 
MYOG for either age group. MSTN protein levels were evaluated by 
Western blot analysis, and also showed decreased MSTN expression 
(P < 0.05). Overall, it appears possible to inhibit MSTN expression 
through hyperammonemia, which is expected to increase embryonic 
myogenesis and postnatal muscle growth.

Key Words: myostatin, myogenic regulatory factor, hyperammone-
mia, myogenesis, broiler

80   Central administration of neuropeptide Y (NPY) and vaso-
tocin 4 receptor (VT4R) antagonists on food intake and a stress 
response in chicks. M. Hancock*, G. Nagarajan, N. A. Aman, S. W. 
Kang, and W. J. Kuenzel, University of Arkansas, Fayetteville, AR.

The objective of this study was to determine the central effect of the 
VT4R antagonists [SR-49059 and H-5350 (Manning compound)] on 
corticosterone (CORT) levels during stress and food intake. A 22-gauge 
stainless steel guide cannula was surgically implanted into the lateral 
ventricle of the birds. A preliminary study was done to test the antago-
nists and their role on food intake. Birds were injected with saline, NPY 
(4 μg), NPY (4 μg) + SR-49059 (250 ng), or NPY (4 μg) + Manning 
compound (250 ng). Birds injected with saline (17.7 ± 1.6) had the 
lowest 1-h food intake. Birds injected with NPY + saline (27.1 ± 1.0) 
had a significantly higher intake, which was enhanced when birds were 
injected with NPY + SR-49059 (44.6 ± 2.6) or with NPY + Manning 
(35.9 ± 2.8) compound. These findings were followed up with an acute 
immobilization stress study. Before immobilization, birds were injected 
with saline, SR-49059 (250 ng), or Manning compound (250 ng). Acute 
stress included wrapping the birds in a harness and leaving them in an 
unfamiliar cage for 30 min. The treatments included no stress, stress, 
stress + SR-49059, and stress + Manning compound. Sample size ranged 
from 5 to 8 birds per treatment. Blood samples were collected and plasma 
quantified for CORT by RIA. Results showed that the 2 antagonists + 
stress significantly lowered CORT levels when compared with the stress 
group (P < 0.05). A third study was conducted to determine the role of 
the antagonists alone on food intake. The antagonists increased food 
intake compared with the control (saline) birds, but did not increase food 
intake more than birds injected with the antagonist + NPY (P < 0.05). 
In summary, there appears to be an interaction between NPY-induced 
food intake and the vasotocinergic system on the feeding response in 
birds. The 2 antagonists have a greater than additive effect on food intake 
when given with NPY. Supported in part by NSF grant #IOS-0842937 
and an Arkansas Biosciences Institute grant.

Key Words: SR-49059, Manning compound, immobilization stress, 
arginine vasotocin

81   Avian brain structures associated with enhanced food 
intake following central administration of a vasotocin recep-
tor (VT4R) antagonist and neuropeptide Y. G. Nagarajan*, M. 
Hancock, N. A. Aman, S. W. Kang, and W. J. Kuenzel, University of 
Arkansas, Fayetteville.

The vasotocin receptors (VT2R and VT4R) in chickens have been found 
associated with stress. An unpublished study from our laboratory showed 
that intracerebroventricular (ICV) injection of an antagonist (SR-49059) 
to the VT4R enhanced food intake induced by neuropeptide Y (NPY), 
an orexigenic neuropeptide. An experiment was therefore conducted 
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to determine possible brain structures involved in the augmentation of 
appetite by the receptor blocker and NPY. Broilers were fed a starter 
ration and at 4 wk of age, a guide cannula was implanted into the lateral 
ventricle of each chicken brain. Three days later, the cannula position 
was tested using angiotensin II induced water intake response. ICV 
injections were administered beginning at 5 wk of age either with 
saline (0.9%; controls; n = 6) or a combination of SR-49059 (250 ng) 
and NPY (4 µg) (experimental group; n = 6). After injection(s), food 
intake was measured for 1 h. Experimental birds consumed an average 
of 3× the food intake of controls. Thereafter, the brain of each bird was 
perfused with saline followed by Zamboni fixative. Brain sections were 
prepared for Fos immunoreactivity (Fos-ir), a marker for activated neu-
rons. In experimental birds, an increase in Fos-ir was found in a lateral 
sub-nucleus of the paraventricular nucleus (PVN), lateral septum (SL), 
dorsomedial hypothalamic nucleus (DMN), and lateral bed nucleus of 
stria terminalis (BSTL). In contrast, the ventral supraoptic nucleus (SOv) 
and nucleus of the hippocampal commissure (NHpC) in experimental 
birds showed a decrease in Fos-ir compared with controls. Interestingly, 
the SOv and PVN contain arginine vasotocin -ir neurons and NHpC 
contains corticotropin releasing hormone -ir neurons, which comprise 
the primary neurons of the HPA axis. Results of this study suggest that 
the vasotocin receptor (VT4R) may play a role in regulating food intake 
by differential activation of at least 6 brain structures. Supported in part 
by a NSF grant (IOS# 0842937) and the Arkansas Biosciences Institute.

Key Words: food intake, vasotocin receptor, Fos

82   Prednisolone induced proteomic changes in femoral heads 
of chickens. B. Packialakshmi*1,2, R. Liyanage3, J. O. Lay3, R. 
Okimoto4, and N. C. Rath5, 1Cell and Molecular Biology Program, 
University of Arkansas, Fayetteville, AR, 2Department of Poultry 
Science, University of Arkansas, Fayetteville, AR, 3Department of 
Chemistry and Biochemistry, University of Arkansas, Fayetteville, 
AR, 4Cobb-Vantress Inc., Siloam Springs, AR, 5USDA-ARS-PPPSRU, 
Fayetteville, AR.

Glucocorticoids can affect overall bone homeostasis, including induc-
ing femoral head separation (FHS) and necrosis in chickens. Thus, it 
can act as an experimental model for idiopathic avian FHS. Analysis 
of proteomic changes induced by glucocorticoids can help to under-
stand the mechanisms of FHS. Therefore, we treated 5 chickens with 
prednisolone on d 14, 16, 18, and 20 post-hatch by oral gavage and 
euthanized on d 21. Femoral head tissues including growth plate and 
the articular cartilage were dissected out, pulverized by freezing with 
liquid nitrogen, and extracted with 10 volumes of 4 M guanidine hydro-
chloride buffer. The extracted proteome from 3 chickens of control 
and prednisolone treated groups were pooled, precipitated by ethanol, 
suspended in ammonium bicarbonate buffer. Equal amounts of protein 
from both groups were subjected to trypsin in-solution digestion for 
48 h at 37°C and the digests were analyzed by one-dimensional liquid 
chromatography-tandem mass spectrometry (1D LC-MS/MS). The 
LC-MS/MS data were processed by Bruker Data Analysis software and 
searched against the NCBI Gallus gallus database to identify proteins 
using the Bruker Proteinscape software. The protein hits from control 
and prednisolone were analyzed using DAVID gene ontology (GO) 
bioinformatics tool. Proteins associated with skeletal development and 
angiogenesis were higher in control sample whereas the prednisolone 
treated samples showed higher number of proteins associated with ubiq-
uitin dependent proteolysis but reduced number of proteins associated 
with pyrophosphatase activities and immunoglobulin domains. These 
data suggest that prednisolone not only impairs skeletal developmental 
and vascularization processes but also increases protein degradation, 

alters immunity and phosphate hydrolysis that can affect integrity of 
bone which may be consequential to FHS.

Key Words: prednisolone, gene ontology, femoral head, shotgun 
proteomics, mass spectrometry

83   Evaluating the effect of de Man, Rogosa, Sharpe medium 
and byproducts of Lactobacillus acidophilus on rooster sperm 
quality. M. D. Triplett*, C. D. McDaniel, and A. S. Kiess, Missis-
sippi State University, Mississippi State, MS.

Previous research from our laboratory indicated that Lactobacillus 
acidophilus in de Man, Rogosa, Sharpe (MRS) broth immediately 
eliminated rooster sperm motility; however, MRS broth without bacteria 
also decreased sperm motility but to a much lesser extent. Therefore, the 
objectives of the current research were 3-fold: (1) determine whether 
Lactobacillus itself or a byproduct of Lactobacillus growth eliminates 
rooster sperm motility, (2) identify the constituents of MRS broth that 
reduce sperm motility, and (3) determine the effect of lactic acid (a 
byproduct of Lactobacillus) on sperm motility. Semen was collected 
from 35 White Rock roosters. For objective 1, semen was diluted in 
the following treatments: MRS broth, MRS broth inoculated with 
Lactobacillus, the supernatant of inoculated MRS broth, the pellet of 
inoculated MRS broth reconstituted in saline, and saline inoculated 
with Lactobacillus. For objective 2, semen was diluted in 10 different 
uninoculated broths created by individually removing the 10 ingredients 
of MRS broth. For objective 3, semen was exposed to 0 to 0.8% lactic 
acid. Semen was diluted 10-fold with each treatment as well as with a 
saline control and then examined in triplicate for sperm quality index 
(SQI). The results indicated that MRS broth alone decrease the SQI 
by 165 units compared with the saline control. However, inoculated 
MRS and the supernatant of inoculated MRS reduced SQI to near zero 
compared with the control (29 and 15 vs. 395, respectively; P < 0.0001). 
Results from the inoculated saline and reconstituted pellet treatments 
were similar to the control. Removal of dipotassium phosphate or sodium 
acetate from MRS broth increased SQI values to control levels (375 and 
363 vs. 408, respectively; P < 0.0001). Exposure of semen to 0.08 to 
0.8% lactic acid yielded SQI values similar to the inoculated MRS and 
supernatant of inoculated MRS treatments. In conclusion, components 
of MRS broth and byproducts of Lactobacillus affect sperm quality. 
Lactobacillus probiotics may increase these byproducts in semen and 
perhaps alter fertility.

Key Words: sperm motility, fertility, Lactobacillus, bacteria, lactic 
acid

84   Differential incorporation of fatty acids in the yolk sac 
membrane during avian embryogenesis. P. N. Neumann*1, F. 
Vercese2, M. Kutzler1, and G. Cherian1, 1Oregon State University, 
Corvallis, OR, 2UNESP, Botucatu, Brazil.

The transfer of lipids from the yolk sac to the avian embryo during 
incubation is mediated through an extra-embryonic structure, the yolk 
sac membrane (YSM). The nonvascular region of YSM consists mainly 
of endodermal cells called area vitellina (AVIT) and the peripheral vas-
cularized zone called area vasculosa (AVAS). It is hypothesized that the 
stage of incubation can affect fatty acid (FA) composition of AVIT and 
AVAS. The objective of this study was to investigate the FA composition 
of AVIT and AVAS at d 16 and 19 of embryonic age. Fertilized eggs (n 
= 20) from Ross broiler hens were incubated under standard conditions. 
On embryonic d 16 and 19, YSM were separated from the embryos (n 
= 5 for 16, n = 6 for 19). Lipids were extracted and FA composition of 
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AVIT and AVAS was determined. Total saturated, n-6, n-3, long chain 
(>20-C) n-6 and n-3 FA were higher in AVAS than AVIT (P < 0.001). 
However, oleic acid (18:1) and linoleic acid (18:2 n-6) was lower in 
AVAS than AVIT on d 16 (P < 0.002). On d 19, significant increases 
were observed for arachidonic acid (20:4 n-6) and total long chain n-6 
fatty acids in AVAS (P < 0.01). Palmitic acid concentrations were higher 
(P < 0.05) in AVIT than AVAS on d 19 (P < 0.04). AVAS had reduced 
amounts of linoleic acid and higher arachidonic acid than AVIT on d 16 
and 19 indicating an active desaturation and elongation enzyme activity 
in AVAS (P < 0.05). These results suggest that AVAS represents a more 
“functional” part of YSM responsible for FA delivery to the embryo 
and stage of incubation can affect FA composition of YSM. Because 
FA composition of YSM can affect physio-chemical properties of cell 
membrane, changes in FA composition due to factors such as diet, hen 
age, or strain and its effect on growth and maturation of the avian embryo 
to a healthy hatchling need to be investigated.

Key Words: embryo, area vitellina, area vasculosa, yolk sac mem-
brane, polyunsaturated fatty acid

85   Developmental, hormonal and calcium regulation of 
embryonic chick intestine genes in organ culture. M. J. Wingate*, 
B. L. Black, and C. M. Ashwell, North Carolina State University, 
Raleigh, NC.

The goal of the present study is to examine the ontogeny of genes known 
to regulate mammalian intestinal differentiation in the embryonic chick 
and to examine the effect of calcium and hormones on gene expression 
in cultured embryonic chick intestine. The mRNA expression of the 
intestinal homeobox genes (CDX1 and CDX4), glucose transporters 
(SGLT1 and GLUT2), goblet cell associated genes (CATH1 and MUC2) 
and the enterocyte precursor gene HES1 were examined. Embryonic 
jejunum from d 16 and 19 were dissected and RNA was isolated for 
quantitative real time PCR. Each candidate gene was normalized to 
the housekeeping gene 18s rRNA. Analysis of variance tests were then 
used in JMP genomics to analyze all data. At 19 d of development, 4 
genes were significantly upregulated when compared with embryonic 
d 16: MUC2, CDX1, SGLT1, and GLUT2 (P < 0.02). A larger devel-
opmental time series of embryonic d 14, 16, 18 and 4 d post hatch 
were performed on MUC2, CATH1 and HES1. MUC 2 and CATH1 
were both significantly different over the timecourse (P < 0.0001) 
and (P < 0.02), respectively. The mRNA expression levels of 16 d old 
jejunums cultured in low, normal and high calcium concentrations as 
well as thyroxine, hydrocortisone, and prostaglandin E2 for 48 h were 
also examined. High calcium (2.8mM) significantly upregulated the 
glucose transport gene SGLT1, the goblet cell precursor gene CATH1, 
the enterocyte precursor gene HES1, and homeobox gene CDX4 (P < 
0.0002). Cultures with hydrocortisone, prostaglandin E2, or thyroxine 
differentially regulated MUC2, CATH1, HES1, CDX1, GLUT2 and 
SGLT1 (P < 0.05). Previous work from our laboratory has shown that 
culture with high calcium increases glucose transport, disaccharidase 
activity, alkaline phosphatase activity and goblet cell differentiation. 
The present data are further evidence for a regulatory role of calcium 
during intestinal development, and indicates a role for CATH1 and HES1 
in regulation of goblet cell and enterocyte differentiation in the chick. 
Furthermore, this data supports previous work that shows a stimulation 
of goblet cell development by prostaglandin E2 or thyroxine.

Key Words: physiology, hormone, chick, intestine

86   Effect of in ovo feeding of dextrin-iodinated casein on gene 
expression in broiler embryos. S. Abou-Saad*1, E. Greene1, A. 
Piekarski1, K. Lassiter1, P. Chary2, K. Striplin3, K. Christensen1, L. 
Bielke1, B. M. Hargis1, S. Dridi1, and W. G. Bottje1, 1Department of 
Poultry Science, Center of Excellence for Poultry Science, Univer-
sity of Arkansas, Fayetteville, AR, 2Zoetis Inc., Kalamazoo, MI, 3OK 
Foods Inc., Ft. Smith, AR.

The objective of this study was to examine the effects of in ovo feeding 
of dextrin-iodinated casein (Dxt-Ic) on gene expression associated with 
fat metabolism and mitochondrial function in broiler embryos. Eggs 
collected on a single day from one breeder flock were treated at ~18.5 
d embryonic development in a commercial hatchery using an In Ovoject 
system. In this initial study, in ovo feeding treatments consisted of 0, 
240, or 480 mg of iodinated casein (Ic) per mL in saline or dextrin (18% 
malto-dextrin and 10% potato starch dextrin). At 24 h post-injection, 
embryos were randomly selected and a portion of the liver and heart 
was obtained and frozen in liquid nitrogen. Using appropriate primers, 
mRNA expression was determined by PCR for nuclear respiratory 
factor 1 (NRF-1), avian uncoupling protein (avUCP), adenine nucleo-
tide translocase (ANT), fatty acid synthase (FAS) and acetyl choline 
carboxylase (ACC) that could be potential targets for previously pub-
lished effects observed with these in ovo feeding treatments. In the liver, 
ACC mRNA expression was elevated (P < 0.05) by Ic240 and Ic480 
treatments compared with controls. In heart tissue, FAS mRNA expres-
sion was lower (P < 0.05) in Dxt-, DxtIc240-, and DxtIc480-treated 
embryos compared with controls. Also, ANT expression in embryonic 
heart tissue was lower in Dxt-, DxtIc480-, and Ic480-treated embryos 
compared with the control group. The results suggest that dextrin or 
iodinated casein may affect gene expression in heart and liver tissue 24 
h after in ovo administration in broiler embryos. Further investigation 
of changes in gene expression before and after the 24 h time point in 
the present study as well as in additional tissues (e.g., skeletal muscle) 
are needed to understand the short and long-term effects that in ovo 
feeding of dextrin-iodinated casein may have on broiler development 
pre- and post-hatch.

Key Words: dextrin, iodinated casein, in ovo feeding, mRNA expres-
sion, broiler embryo

87   Occludin expression regulates yolk accumulation in broiler 
hens. C. S. Stephens* and P. A. Johnson, Cornell University, Ithaca, 
NY.

Synchronized yolk accumulation and follicle development are essen-
tial for egg production. Small follicles (<1 mm) grow until they either 
undergo atresia or are recruited (6–8 mm) into the preovulatory hierarchy 
where they rapidly accumulate yolk. In contrast to laying hens, broiler 
breeder hens have excessive follicle development resulting in low egg 
production. In this experiment, we investigated the expression of the 
avian-specific yolk receptor (LR8) and the tight junction protein occludin 
(OCLN) in broiler breeder hens. Yolk is incorporated into the oocyte by 
LR8, whereas it is believed that OCLN mediates paracellular transfer 
of yolk material. We have previously shown that OCLN expression is 
greater (P < 0.01) in the granulosa layers of smaller follicles (3–5 mm) 
from laying hens compared with the granulosa layers from larger fol-
licles. LR8 mRNA expression in the oocyte also decreases with follicle 
size (P < 0.01). In the current experiment, Cobb 700 broiler breeder 
hens were reared using a restricted feed (RF) feeding program accord-
ing to breeder guidelines. During peak production, birds were randomly 
divided into 2 groups. One pen of hens was given ad libitum access to 
feed (FF; n = 11) and one pen remained on RF (n = 11) for 6 wk. The FF 
hens had decreased egg production (P < 0.01), a tendency for increased 
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ovarian weight (corrected for body weight; P < 0.06), increased number 
of small growing follicles (3–5 mm; P < 0.03 and 6–8 mm; P < 0.01), 
increased number of large follicles (>9 mm; P < 0.01), and a disorga-
nized follicular hierarchy compared with RF hens. OCLN expression 
in the granulosa of 3- to 5-mm follicles of FF hens was lower than that 
in RF hens (P < 0.04), and yolk weights were higher in the FF group 
(P < 0.01). LR8 expression in small whole follicles (<3 mm) did not 
differ between groups. We conclude that increased yolk accumulation 
in FF broiler breeder hens is associated with changes in tight junction 
permeability and yolk access to LR8 on the oocyte surface. Supported 
by USDA-NRI-2008-35203-19097.

Key Words: ovary, LR8, follicle, egg, hen

88   Role of sperm storage tubule fatty acids for sperm viabil-
ity in the hen oviduct. A. Q. Huang*, N. Isobe, and Y. Yoshimura, 
Hiroshima University, Higashi-Hiroshima, Japan.

The aim of this study was to determine whether lipids in sperm storage 
tubule (SST) cells play a role in sperm viability in the hen oviduct. Semen 
of roosters and lower oviductal segments including utero-vaginal junc-
tion (UVJ) of laying hens with or without artificial insemination (AI) 
were collected. SST cells were isolated by laser microdissection. Expres-
sion of major lipases and lipid receptors were examined by RT-PCR 
in the mucosa tissues, sperm and SST cells. The fatty acid constituents 
of UVJ mucosa tissues were examined by gas chromatography. Then, 
sperm were cultured in medium containing major fatty acids identified 
in UVJ for 24 or 48 h, followed by viability examination. Expression 
of 6 lipases, namely hepatic triglyceride lipase, adipose triglyceride 
lipase (ATGL), endothelial lipase (EL), lipoprotein lipase, lipase H and 
carboxyl ester lipase (CEL) were found in the uterus, UVJ and vagina 
mucosa. However, expression of only ATGL was found in the SST cells, 
and EL, ATGL and CEL expression were observed in spermatozoa. 
Meanwhile, expression of lipid intake-related genes, namely fatty acid 
translocase CD36, very low density lipoprotein receptor, low density 
lipoprotein receptor was found both in spermatozoa and SST cells. The 
gene expression of ATGL in SST cells was significantly higher (P < 
0.01) in the AI group than in the control. In the mucosa tissues of UVJ, 
myristic acid, palmitic acid, stearic acid, oleic acid and linoleic acid were 
identified as predominant fatty acids. The viability of sperm showed no 
difference between control and myristic acid-, palmitic acid- or stearic 
acid-treated groups. In contrast, the sperm cultured with 0.1 mM oleic 
acid showed higher viability than the control at both 24 and 48 h. The 

viability in linoleic acid-treated group was lower than the control after 
48 h. These results suggest that lipids are taken up into SST cells by 
receptors and metabolized by lipases such as ATGL, followed by the 
release of fatty acids including oleic acids into SST lumen that may be 
incorporated by the sperms for their survival.

Key Words: oviduct, sperm storage tubule, lipase, fatty acid, sperm 
viability

89   Phytoestrogenic activity of quercetin on egg quality and 
growth of propagative organs in laying hens during the peak 
laying period. H. Liu*, Y. Li, N. Teng, Y. You, D. Sun, and L. Li, 
1Institute of Animal Nutrition, Northeast Agricultural University, 
Harbin, Heilongjiang Province, China.

Quercetin, a typical flavonoid, possesses phytoestrogenic activity and 
exerts estrogenic effects in animals. In this study, we investigated the 
effect of quercetin, as a phytoestrogen, on the quality of egg albumen, 
egg shell, serum parameters, and necropsy in genital organs in laying 
hens. One hundred eighty 28-wk-old Hessian laying hens, with an 
average 85% of laying rate at the start, were randomly allotted to 3 
treatments. They were fed a basal diet supplemented with 0, 0.2, or 0.6 
g of quercetin/kg of diet for 8 wk. Egg quality parameters were mea-
sured at the end of every week. Serum parameters and necropsy were 
measured at the end of the experiment. Results showed that the abso-
lute egg shell weight was significantly increased at 0.2 g of quercetin/
kg of diet (P < 0.05). The weight and the height of egg albumen also 
improved significantly at 0.6 g of quercetin/kg of diet (P < 0.05). The 
number of the largest follicle in the ovary was significantly increased by 
both levels of quercetin and the length of the magnum was elevated at 
0.6 g of quercetin/kg of diet (P < 0.05). The length of the isthmus was 
increased significantly at both levels of quercetin. The group receiving 
0.2 g of quercetin/kg of diet had higher insulin concentration (P < 0.05), 
as compared with the control group. Concentrations of IGF-1 at both 
levels of quercetin were almost doubled as compared with that of the 
control group in laying hens (P < 0.05). We concluded that quercetin 
improved egg quality by influencing insulin and IGF-1 concentration in 
blood, and affecting differentiation and functioning of female propaga-
tive organs in laying hens during peak laying period. The appropriate 
level is 0.6 g of quercetin/kg of diet. This phytoestrogen activity may 
provide evidence of quercetin as a functional feed additive in laying hens.

Key Words: quercetin, egg quality, insulin, IGF-1, largest follicle
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90   Reducing egg-borne transmission of Salmonella Enteritidis 
in layer chickens by in-feed supplementation of caprylic acid. I. 
Upadhyaya*1, A. Upadhyay1, H.-B. Yin1, Z. Droczdowich1, M. Nair1, 
V. K. Bhattaram1, D. P. Karumathil1, S. Mooyottu1, M. I. Khan1, 
D. Schreiber1, A. Kollanoor-Johny2, M. J. Darre1, and K. Venkita-
narayanan1, 1University of Connecticut, Storrs, CT, 2University of 
Minnesota, St. Paul, MN.

This study investigated the efficacy of feed supplemented with a GRAS-
status, plant-derived compound, caprylic acid (CA) for reducing egg-
borne transmission and organ colonization of Salmonella Enteritidis 
(SE) in 40-wk-old layer chickens. One hundred twenty Single Comb 
White Leghorn hens were randomly assigned to 6 treatments (n = 20/
treatment): a negative control (−ve SE, −ve CA), 2 compound controls 
(−ve SE, +ve 0.75% or 1% vol/wt CA), a positive control (+ve SE, −ve 
CA), a low dose treatment (+ve SE, +ve 0.75% CA) and a high dose 
treatment (+ve SE, +ve 1% CA). On d 0, birds were tested for any inher-
ent Salmonella (n = 5/experiment), and CA was supplemented in the 
feed at the aforementioned levels for 64 d. On d 10, birds in the positive 
controls and low dose and high dose treatments were challenged with 
a 5-strain mixture of SE (10 log10 cfu/bird) by crop gavage. After 4 d 
of challenge, eggs were collected and examined for SE in the yolk and 
on the shell daily until the end of the trial. On d 64, 10 birds from each 
treatment were killed to determine SE presence in the cecum, liver, and 
oviduct. Caprylic acid at 0.75% reduced SE on shell by ~21% and in yolk 
by 24%, whereas supplementation of 1% CA reduced SE by ~44% on 
shell and ~32% in yolk. Additionally, CA at both concentrations reduced 
SE in cecum, liver and oviduct (P < 0.05) by ~30 to 40% compared 
with control birds. No significant differences in egg production were 
observed among the different treatment groups (P > 0.05). The results 
suggest that CA could potentially be used as a feed additive to reduce 
egg-borne transmission of SE in layer chickens.

Key Words: Salmonella, egg, chicken, caprylic acid

91   Intracloacal inoculation, an effective screening method 
for determining the efficacy of bacterial isolates against Cam-
pylobacter colonization in chickens. K. Arsi*1, A. M. Donoghue2, 
A. Woo-Ming1, H. R. Arambel1, P. J. Blore1, and D. J. Donoghue1, 
1University of Arkansas, Fayetteville, AR, 2Poultry Production and 
Product Safety Research Unit, Agricultural Research Service, USDA, 
Fayetteville, AR.

Campylobacter, a leading cause of foodborne illness, is often associ-
ated with consumption of contaminated poultry products. Strategies 
to eliminate Campylobacter from poultry have had limited success. 
One strategy to reduce Campylobacter colonization in poultry is by 
the use of oral probiotics. Unfortunately, oral probiotics can produce 
variable results, possibly due to destruction in the acidic environment 
of stomach. Encapsulation of isolates may overcome this problem but 
there is no assurance these isolates will have efficacy in the lower GI 
tract. Therefore, screening candidate isolates by directly placing them 
in the lower intestinal tract via cloacal inoculation may eliminate the 
time and expense of encapsulating ineffective isolates. Thus, the purpose 
of this study was to collect bacterial isolates with anti-Campylobacter 
activity in vitro and evaluate their efficacy in vivo upon either oral or 
intracloacal administration. Sixty-seven bacterial isolates (all Bacillus 
spp.) with GRAS (Generally Regarded as Safe) status were isolated 
from healthy birds and evaluated for efficacy against C. jejuni, in vitro. 

The isolates were identified and subjected to motility enhancement, as 
our previous studies demonstrated that motility enhanced isolates can 
reduce Campylobacter colonization in poultry more effectively than 
control isolates. Ten GRAS isolates demonstrating in vitro anti-Cam-
pylobacter properties and enhanced motility were evaluated after either 
oral or intracloacal inoculation into day of hatch chicks (n = 10 birds/
isolate). When dosed orally, only one isolate showed a 1 log reduction 
in cecal Campylobacter counts in 14-d-old birds. When these isolates 
were administered intracloacally, 5 of these isolates produced up to a 3 
log reduction in Campylobacter counts compared with controls (4 vs. 
7 log cfu/g, P < 0.05). These results support the strategy of evaluating 
the efficacy of potential probiotic isolates via cloacal inoculation before 
undergoing the effort of protecting isolates (e.g., encapsulation) for oral 
administration.

Key Words: Campylobacter, probiotic, GRAS, chicken, intracloacal

92   Efficacy of the natural compound, β-resorcylic acid, against 
Campylobacter colonization in poultry. B. R. Wagle*1, A. M. 
Donoghue2, K. Arsi1, A. Woo-Ming1, H. R. Arambel1, S. Shrestha1, P. 
J. Blore1, K. Venkitanarayanan3, and D. J. Donoghue1, 1University of 
Arkansas, Fayetteville, AR, 2Poultry Production and Product Safety 
Research Unit, USDA-ARS, Fayetteville, AR, 3University of Connecti-
cut, Storrs, CT.

Campylobacteriosis is one of the leading foodborne illnesses in the 
United States and is associated with the consumption of poultry and 
poultry products. Reducing Campylobacter colonization in poultry 
will reduce the burden of this disease in humans. Unfortunately, most 
strategies to reduce enteric colonization of Campylobacter have either 
not been successful or produced inconsistent results. One potential 
control strategy is the use of phytophenolic compound, β-resorcylic 
acid (BR), which has antibacterial activity against another foodborne 
pathogen, Salmonella. However, its efficacy to control Campylobacter 
in poultry has not been evaluated. Preliminary studies in our laboratory 
demonstrated that BR kills C. jejuni in vitro. Therefore, the objective 
of this study was to evaluate if β-resorcylic acid would reduce enteric 
Campylobacter colonization in birds. To accomplish this, day of hatch 
chicks were fed 1 of 5 treatments (0, 0.25, 0.5, 1 or 2% BR) in the first 
trial, whereas a second trial was conducted including 2 additional doses 
of 0.75% and 1.5% BR, with a total of 7 treatments (n = 10 chicks/
dose). Birds were challenged with 4 wild strains of C. jejuni (approx. 
106 cfu/mL) on d 5 and cecal samples were collected on d 14 and enu-
merated for Campylobacter. Data were logarithmically transformed 
and treatment means were partitioned by LSMEANS analysis (P < 
0.05). Campylobacter counts were reduced by 1.4 log cfu/g for the 2% 
dose or 4.2 or 2.8 log cfu/g for the 0.5% and 1% BR doses for the first 
or second experiment, respectively. Increasing the dose of BR in the 
feed to enhance the efficacy of this compound would not be practical 
because feed consumption and body weight gain were reduced with the 
higher doses (1.5% and 2% BR). These results suggest β-resorcylic acid 
has the potential to reduce enteric colonization of Campylobacter but 
further explorations with encapsulation or combination of phytophenolic 
compounds are warranted to ensure consistent efficacy. Funded in part 
by the USDA-NIFA-OREI 2011–01955.

Key Words: Campylobacter jejuni, β-resorcylic acid, in vivo, con-
trol, chicken
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93   Chitosan supplementation produces a consistent reduction 
in enteric Campylobacter colonization in young chickens. S. Shres-
tha*1, H. R. Arambel1, A. M. Donoghue2, A. Woo-Ming1, K. Arsi1, P. 
J. Blore1, K. Venkitanarayanan3, and D. J. Donoghue1, 1University of 
Arkansas, Fayetteville, AR 2Poultry Production and Product Safety 
Research Unit, USDA-ARS, Fayetteville, AR, 3University of Connecti-
cut, Storrs, CT.

Campylobacter is a major cause of foodborne illness in humans world-
wide. Poultry is a major reservoir of this pathogen and consumption 
of poultry and poultry products is reported to be the primary cause of 
Campylobacter infections in humans. Unfortunately efforts to reduce 
Campylobacter in preharvest poultry have been met with limited success. 
Preliminary studies with the natural compound, chitosan, demonstrate its 
ability to kill Campylobacter, in vitro. Because chitosan’s antimicrobial 
properties may vary depending upon its molecular weight of the chitosan, 
3 molecular weight chitosans were tested in the feed. These included a 
low molecular weight (50–190 kDa), medium molecular weight (190–
310 kDa), and high molecular weight (400–600 kDa) chitosan. Day of 
hatch broiler chicks were randomly divided into 10 treatments groups 
(n = 10 birds/treatment). Treatment groups consisted of 0.25%, 0.5%, 
or 1% (wt./wt.) of each molecular weight of chitosan (low, medium and 
high), as well as positive control (no chitosan); treated feed was provided 
throughout the entire trial. Birds were orally challenged with 4 different 
C. jejuni strains on d 6 and cecal samples were collected for Campy-
lobacter enumeration on d 15. Three replicate trials were conducted. 
Campylobacter colonies counts were logarithmically transformed (log10 
cfu/g) and treatment means were partitioned by LSMEANS analysis (P 
< 0.05). Significant reductions of Campylobacter were observed with 
0.5% medium molecular weight chitosan in each of the 3 replicate trials 
with 1 to 3 log reduction in these groups compared with controls. These 
results support the application of this natural compound to feed to help 
reduce enteric Campylobacter colonization in chickens. Funded in part 
by the USDA-NIFA-OREI 2011–01955.

Key Words: Campylobacter jejuni, chitosan, in vitro, broiler chicken

94   Effect of two Bacillus subtilis strains on production and Sal-
monella colonization in male broilers. A. N. Frazier*, J. Krehling, 
L. Olivia, K. English, and K. Macklin, Auburn University, Auburn, 
AL.

With the growing concern about antibiotic resistant bacteria in com-
mercial poultry, there is need for a new approach. Growing evidence 
indicates a direct-fed microbial (DFM) diet can help reduce Salmonella 
in the chicken GI tract. A commonly used probiotic is the bacterium 
Bacillus subtilis (BaS). An experiment was conducted to test the effects 
of a DFM diet with 2 BaS strains (AB01 and AP71) on broiler production 
and the effects of the diet against Salmonella Enteritidis (SE) coloniza-
tion. Six hundred day-old chicks were placed into 24 pens (25 chicks/
pen) and were randomly assigned one of 4 treatments. The 4 treatments 
consisted of a BaS treated and challenged group (trt1); a BaS treated and 
non-challenged group (trt2); a non-BaS treated and challenged group 
(trt3); and a non BaS-treated and non-challenged group (trt4). From d 
0 to d 14 the chicks were fed a starter ration that had no DFM added or 
was treated with 1.5 × 105 cfu/g of BaS. At d 14, challenge pens were 
inoculated with SE and pens in trt1 and trt3 were fed a BaS treated 
grower (1.8 × 105 cfu/g). Trt2 and trt4 pens were placed on non-treated 
grower. At d 28, trt1 and trt3 pens were placed on a finisher contain-
ing BaS (1.8 × 105 cfu/g), while trt2 and trt4 pens were fed a standard 
finisher ration. Liver, spleen and ceca samples were taken from 5 birds 
per pen via necropsy at d 14, 28 and 35. Bird and feed weights were also 
assessed. Feed conversion, anaerobic and aerobic bacteria counts, and SE 

counts from ceca, liver and spleen samples were analyzed using GLM 
with means separated via Tukey’s HSD. Analysis of the data revealed 
no significant difference in feed conversion (P > 0.05) or in anaerobic 
or aerobic bacteria for all sampling dates. Day 28 showed a significant 
increase in Salmonella in ceca, spleen and liver samples. At d 35 there 
was a significant difference between trt3 and trt2. After analysis of all 
data, the AB01-AP71 BaS DFM diet had no effect on broiler production 
or Salmonella colonization.

Key Words: probiotic, Salmonella, DFM, antibiotic resistance

95   Evaluation of transmission of Salmonella and Campylo-
bacter through artificial insemination of breeder turkeys to eggs 
and offspring. M. D. Crespo Rodriguez*1, J. L. Grimes1, S. Kath-
ariou1, N. A. Cox2, R. J. Buhr2, and D. P. Smith1, 1North Carolina 
State University, Raleigh, NC, 2USDA-ARS-RRC, Athens, GA.

Salmonella and Campylobacter are pathogens of public health concern 
associated with poultry products. Preharvest control in breeder flocks 
and their offspring is crucial to reduce the transmission of these bacteria 
through the food chain. However, the direct vertical transmission of 
these organisms through fertile turkey eggs to offspring has not been 
demonstrated. The objective of this study was to detect transmission 
of Campylobacter and Salmonella in the offspring of turkeys. Eighty 
breeder hens were inoculated with a nalidixic acid-resistant Salmonella 
Enteritidis and a gentamicin-resistant strain of C. coli via semen through 
artificial insemination. A control flock (20 hens) was inseminated 
with semen without the pathogens. Eggs (675) from inoculated hens 
(IH) and 190 from control hens (CH) were hatched separately. At day 
of hatch, hatchery pads with fecal droppings from both groups were 
analyzed for both bacteria. Poults from IH (496) and CH (124) were 
placed in separate areas of a growout house and pooled fecal samples 
from each group were analyzed weekly. At d 8 and 36 intestinal tract 
samples from 10 poults of each group were analyzed. Ceca from 20 
poults per group were tested at 16 weeks. Reproductive tract (RT) from 
20 breeder hens at 65 weeks and semen from toms were also analyzed. 
Salmonella and Campylobacter were not isolated from hatchery pads or 
fecal droppings at day of hatch. Marker strains were not isolated from 
any of the fecal or intestinal samples from poults from IH. Salmonella 
Enteritidis (marker) was found in RT of IH (30%), and Campylobacter 
(unrelated to the inoculated strains) was isolated from RT in IH and CH 
(15%). Unrelated strains of both pathogens were isolated from fecal and 
intestinal samples. In conclusion, no evidence of vertical transmission 
of these pathogens through artificial insemination was demonstrated. 
However, marker Salmonella was found in RT of IH and several unre-
lated strains of Campylobacter were also isolated from semen (100%) 
and RT of hens, indicating a potential route of transmission of these 
pathogens to the offspring.

Key Words: Salmonella, Campylobacter, turkey, breeder, offspring

96   Investigating the reduction of Campylobacter jejuni on raw 
retail chicken skin using trans-cinnamaldehyde or sodium octano-
ate. A. N. Woo-Ming*1, A. M. Donoghue2, K. Arsi1, H. R. Arambel1, 
B. Wagle1, S. Shrestha1, K. Venkitanarayanan3, and D. J. Donoghue1, 
1University of Arkansas, Fayetteville, AR, 2Production and Product 
Safety Research Unit, USDA-ARS, Fayetteville, AR, 3University of 
Connecticut, Storrs, CT.

In 2011, the Food Safety and Inspection Service (FSIS) initiated new 
performance standards for the reduction of Campylobacter on raw retail 
poultry carcasses. Epidemiological evidence has indicated that Campy-
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lobacter infection in humans is related to consumption of contaminated 
poultry products. Many strategies are currently being investigated to 
reduce Campylobacter counts on commercially produced poultry. Use 
of natural compounds, including essential oils and saturated fatty acids, 
with Generally Recognized as Safe (GRAS) status is a practical strategy 
for reduction of Campylobacter as these compounds can be immediately 
implemented into a pathogen reduction regimen by poultry processors. 
Chicken thigh skin, obtained from a retail store, was cut into 2-g samples 
and inoculated with approximately 1 × 108 cfu/mL of Campylobacter 
jejuni, which was then allowed to adhere for 30 min. In replicate trials, 
inoculated skin was dipped into a solution of either trans-cinnamalde-
hyde or sodium octanoate at a concentration of 0, 0.5, 1, or 2% (vol./
vol.) for 30 s, and then given an additional 2 min of contact time before 
being serially diluted (1:10) in Butterfield’s Phosphate Diluent and plated 
onto Campy Line Agar (n = 10/dose). Colony counts were transformed 
to log cfu per gram for statistical analysis. The data were analyzed by 
ANOVA using SAS software and expressed as least squares means with 
differences considered significant at P < 0.05. Concentrations of 0.5%, 
1% or 2% trans-cinnamaldehyde did not produce a significant reduction 
in Campylobacter on chicken skin. The lowest concentration (0.5%) of 
sodium octanoate failed to produce a statistically significant reduction 
as compared with the control (0%). However, higher concentrations, 1% 
or 2% sodium octanoate demonstrated a significant reduction in Cam-
pylobacter counts, of approximately 1 log compared with the control. 
Funded in part by the USDA-NIFA-OREI 2011–01955.

Key Words: food safety, Campylobacter, poultry processing, natural 
compound

97   Evaluation of compatibility of Salmonella lytic bacterio-
phage with different antimicrobials and their combinations on 
reduction of Salmonella in vitro and on chicken breast fillets. A. T. 
Sukumaran* and C. S. Sharma, Mississippi State University, Missis-
sippi State, MS.

The objectives of this study were to determine the survivability of 
Salmonella bacteriophage in antimicrobials used during poultry pro-
cessing and to determine the efficacy of bacteriophage in combination 
with compatible antimicrobials in reducing Salmonella in vitro and 
on chicken breast fillets. Bacteriophage preparation (109 pfu/mL) was 
mixed with cetylpyridnium chloride (CPC, 0.4, 0.6, and 1%), lauric 
arginate ester (LAE, 200 and 5,000 ppm) and peracetic acid (PAA, 30, 
40, 50, 100, 200, and 700 ppm) and stored at 4°C for 24 h. The number 
of surviving bacteriophages was determined by soft agar overlay tech-
nique. There was no effect (P > 0.05) of all tested concentrations of 
CPC and LAE on the survival of bacteriophage as compared with the 
control (bacteriophage + DI water) whereas bacteriophage was not able 
to survive in PAA solutions (100, 200, and 700 ppm). However, up to 
6.5 log pfu/mL were recovered in low strength PAA solutions (30, 40, 
and 50 ppm) compared with control (9.3 log pfu/mL). The application of 
phage (102 and 103 multiplicity of infection(MOI)) in combination with 
0.6% CPC and 200 ppm LAE was examined for reduction of Salmonella 
(Salmonella Typhimurium, Salmonella Heidelberg and Salmonella 
Enteritidis) in 0.1% peptone water at 4°C for 24 and on chicken breast 
fillets inoculated with cocktail of the 3 serotypes up to 7 d. Irrespec-
tive of the serotypes, antimicrobial, storage time and MOI of phage, 
all treatments resulted in complete inactivation of Salmonella in vitro 
compared with the control (6 log cfu/mL). On chicken breast fillets, all 
the combinations of phage and antimicrobials resulted in significant (P < 
0.05) reductions of Salmonella throughout d7 of storage with reductions 
ranging from 0.85 log cfu/g to 2.15 log cfu/g compared with positive 
controls (3.2–3.6 log cfu/g). Among all treatments, the combination of 

phage (103 MOI) and CPC showed the highest reductions of 1.1, 2.15, 
and 1.4 log cfu/g on d 0, 1, and 7, respectively. In conclusion, phage 
preparation was able to survive in CPC and LAE and their combination 
was effective in reducing Salmonella on chicken breast fillets.

Key Words: Salmonella, cetylpyridinium chloride, lauric arginate, 
bacteriophage

98   Effect of acid adaptation on heat treatment of Salmo-
nella Heidelberg in ground turkey. J. M. Smith*1 and M. Singh2, 
1Auburn University, Auburn, AL, 2Purdue University, West Lafayette, 
IN.

Salmonella enterica serovar Heidelberg is the leading cause of human 
Salmonellosis, and ground poultry products are increasingly implicated 
in such outbreaks. In this study, the thermal tolerance of acid-adapted and 
non-adapted Salmonella Heidelberg was evaluated in ground turkey meat 
stored under refrigeration (4°C). Salmonella Heidelberg was adapted to 
acidic conditions by growing in tryptic soy broth supplemented with 1% 
glucose at 37°C to a final pH of 4.70, whereas the non-adapted culture 
was grown in tryptic soy broth with a final pH of approximately 6.10. 
Irradiated ground turkey was inoculated with either acid-adapted or 
non-adapted Salmonella Heidelberg, and 2-g portions were packaged 
in plastic pouches and heat sealed for storage at 4°C. Samples were 
subjected to heat treatment of 62°C and 65°C in a circulating water bath 
for 180 s after storage for 0, 3, 6, 9, and 12 d and subsequently plated 
onto plate count agar to determine survival populations. Acid-adapted 
Salmonella Heidelberg displayed more sensitivity to both 62°C and 
65°C heat treatment than non-adapted Salmonella Heidelberg during 
the course of exposure time. The storage period resulted in lower (P < 
0.05) survival populations of acid-adapted Salmonella Heidelberg over 
time even though recovery of Salmonella Heidelberg from inoculated 
meat samples was constant [~6.50 log10 cfu/g] over the storage period. 
Survival populations of 0.70 log10 cfu/g at 180 s on d 0 were observed, 
whereas the survival populations were below detection limit after 180 
s on subsequent days of storage. This suggests that acid-adapted Sal-
monella Heidelberg has the ability to survive in ground meat. However, 
its susceptibility to thermal treatments is higher than its non-adapted 
equivalent in ground turkey over time.

Key Words: Salmonella Heidelberg, acid-adaptation, ground turkey

99   Antimicrobial efficacy of carvacrol against Salmonella, 
Campylobacter, and lactic acid bacteria on turkey breast cutlets 
stored under modified-atmosphere packaging. D. V. T. Nair* and 
C. S. Sharma, Mississippi State University, Mississippi State, MS.

The objective of this study was to determine the combined efficacy of 
carvacrol and modified-atmosphere packaging (MAP) in reducing Sal-
monella, Campylobacter and lactic acid bacteria on turkey breast cutlets 
stored at 4°C. Turkey breast cutlets were inoculated with a 3-strain 
cocktail of Salmonella (Salmonella Enteritidis, Salmonella Heidelberg, 
and Salmonella Typhimurium) and 2-strain cocktail of Campylobacter 
jejuni followed by dipping in 0.25, 0.5, and 1% carvacrol for 30 s and 
stored under MAP (~95% CO2 and 5% O2) at 4°C. Positive (inoculated, 
not treated with carvacrol and stored under aerobic and modified atmo-
sphere) controls were also included in the study. Samples were analyzed 
on d 1, 3, and 7 of storage for the survivability of Salmonella and C. 
jejuni. The efficacy of carvacrol and MAP on the growth of lactic acid 
bacteria (LAB) was determined by dipping non-inoculated cutlets in 
0.25, 0.5, and 1% carvacrol for 30s and storing the samples under MAP 
at 4°C. The LAB counts were taken on d 0, 7, 14, and 21 of storage. 
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The combined application of carvacrol and MAP caused significant (P < 
0.05) reductions (1.0 to 2.0 log cfu/g) of Salmonella and Campylobacter 
on turkey breast cutlets on each day of analysis. High CO2 packaging 
resulted in significant (P < 0.05) inhibitory effect on the growth of LAB 
after 7 d of storage of turkey cutlets compared with aerobic packaging. 
On d 7, 14, and 21 compared with aerobic packaging, carvacrol at all 
concentrations with MAP caused significant reductions (P < 0.05) of 
LAB (1.7–2.5 log cfu/g). There was no difference in the meat color 
among treatments and controls (P > 0.05) except the increased pale-
ness of meat (P < 0.05) observed for the combination of 1% carvacrol 
and MAP on d21. In conclusion, carvacrol was effective in reducing 
Salmonella, C. jejuni, and lactic acid bacteria on turkey breast cutlets 
with concentrations as low as 0.25% when used in combination with 
high CO2 packaging.

Key Words: Salmonella, Campylobacter, lactic acid bacteria, carva-
crol, modified-atmosphere packaging

100   The effects of sorghum phenolic compounds used as lipid 
antioxidants in chicken nuggets. G. Casco*1, L. C. Cavitt2, G. 
Veluz3, R. Miller1, and C. Z. Alvarado1, 1Texas A&M University, Col-
lege Station, TX, 2Tyson Foods Inc., Springdale, AR, 3SGS Pte Ltd., 
Singapore, Malaysia.

Phenolic compounds from sorghum and spices provide antioxidant prop-
erties in foods. The objective of this study was to evaluate the effects of 
adding sumac 0.25% (S) and black tannins 0.25% (BT), sorghum-based 
antioxidants, and compare them to a rosemary essential oil control (R, 
0.20%) in fully cooked chicken nuggets. In 3 trials, the nuggets (breast 
meat 45%, thigh meat 45%, water, NaCl 0.725%, and antioxidant) were 
manufactured according to industry practices; batter/breaded to 28% 
pickup, par-fried (188°C, 45 s), fully cooked (oven 196°C, 40% steam), 
and then individually frozen in a spiral freezer. Yields (n = 18) were 
determined on battered/breaded, par-fried, cooked, and frozen nuggets. 
Color (n = 15) L*a*b* scale was determined on the meat block using a 
Minolta colorimeter at 0, 2, 4, and 6 mo (0C). Lipid oxidation (MDA/
kg) was determined from a ground composite sample of 3 nuggets in 
duplicate weekly for 12 wk in accelerated frozen storage conditions. A 
triangle test of the combined trials was performed at 0, 2, 4, and 6 mo 
from frozen storage (n = 37, 40, 50, and 50; respectively at α = 0.05). 
Results indicated that S had significantly lower par-fried yields to R, 
but did not differ in cooked yields. The BT had lower (P < 0.05) cooked 
yields to both R and S. Color results indicated R were the whitest nug-
gets (P < 0.05) followed by S and then the BT, which were the darkest 
nuggets (P < 0.05) on each sample time. Nuggets containing S and BT 
inhibited oxidation at the same (P > 0.05) level as R nuggets over time. 
Moreover, consumer sensory testing showed that panelists were able 
to detect differences (P < 0.05) between BT and R on mo 2, 4, and 6, 

whereas S nuggets were different at mo 0 and 4. Overall, sumac and black 
tannins from sorghum can reduce lipid oxidation as well as rosemary 
without having negative effects on yields; however, consumers were 
able to detect the presence of these compounds.

Key Words: tannin, phenol, antioxidant, chicken nuggets, sorghum

101   Sodium reduction in processed meats: Cold-batter 
mincing of hot-boned and crust-freeze-air-chilled turkey breast 
reduced sodium content in protein gels. P. Singh*1, M. M. Lopez1, 
H. C. Lee1, T. Sansawat1, K. B. Chin2, and I. Kang1, 1Michigan 
State University, East Lansing, MI, 2Chonnam National University, 
Gwangju, South Korea.

This research was aimed to evaluate sodium reduction in the protein gels 
that were prepared with turkey breasts after hot boning (HB), quarter 
sectioning (1/4), crust-freeze air chilling (CFAC), and cold temperature 
mincing. For each of 4 replications, 36 turkeys were slaughtered and 
eviscerated. Half of the carcasses were randomly assigned to water 
immersion chilling (WIC) for chill-boning (CB), whereas the remaining 
were immediately HB and quarter sectioned/crust-freezing air chilled 
(1/4CFAC) in a freezing room (–12°C/1.0 m/s). After deboning, CB 
fillets were conventionally minced, whereas HB-1/4CFAC fillets were 
cold minced up to 27 min with 1 or 2% salt. Data were evaluated by 
one-way ANOVA. A post hoc analysis was performed using Duncan`s 
multiple range test to evaluate difference among treatments at P < 0.05. 
From the beginning of mincing, the batter temperatures of HB-1/4CFAC 
were lower by 9.6°C or more than those of CB batters up to 12 and 21 
min for 2 and 1% salts, respectively. During mincing, the batter pH of 
HB-1/4CFAC rapidly decreased to 5.84 and 5.77 for the 2 and 1% salts, 
respectively, at 12 min and showed no differences from the CB batters 
thereafter, except the 1%salt HB-1/4CFAC batter showing the lowest 
pH after 15 min of mincing. The pattern of pH was not changed when 
the batters were stored overnight. The protein solubility of 2% salt HB-
1/4CFAC fillets was higher by 18.7, 11.4, 19.0 and 19.3% than those of 
CB fillets at 9, 12, 18 and 24 min, respectively. Similarly, the protein 
solubility of 1% salt HB-1/4CFAC fillets was higher by 10.3% or more 
than those of CB fillets after 12 min mincing. Stress values of 2% salt 
HB-1/4CFAC gels were significantly higher than those of 1 and 2% 
salt CB gels, with intermediate values for 1% salt HB-1/4CFAC gels. 
In scanning electron microscope image, pre-rigor batter appears to have 
more open space, less protein aggregation, and more protein-coated fat 
particles than those of post-rigor batters. Combination of HB-1/4CFAC 
and cold-batter-mincing technologies appeared to improve protein 
functionality and sodium reduction capacity.

Key Words: sodium reduction, hot-boning, crust-freezing, cold 
mincing, protein functionality
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102   Sequencing complete mitochondrial genomes of five 
Eimeria species (Apicomplexa; Coccidia; Eimeriidae) infect-
ing domestic turkeys: Diagnostic possibilities and phylogenetic 
implications. M. E. Ogedengbe*1, S. El-Sherry1,2, J. Whale1, and 
J. R. Barta1, 1University of Guelph, Guelph, ON, Canada, 2Assiut 
University, Assiut, Egypt.

Coccidiosis is widespread and causes considerable economic losses to 
the poultry industry. Seven Eimeria species, E. adenoeides, E. melea-
grimitis, E. meleagridis, E. gallopavonis, E. dispersa, E. innocua and 
E. subrotunda, can cause coccidiosis in turkeys (Meleagris gallopavo). 
These are difficult to distinguish morphologically. Nuclear 18S rDNA 
or ribosomal ITS sequences have been reported to be less than ideal for 
differentiating closely related species; partial mitochondrial (mt) COI 
sequences appear to be useful for differentiating Eimeria species. To 
assess the utility of mt genomes for provide reliable genetic markers 
for turkey coccidia, 6 complete mt genomes from 5 Eimeria species 
infecting turkeys (E. adenoeides, E. gallopavonis, E. meleagridis, E. 
meleagrimitis and E. dispersa) were sequenced using PCR and primer 
walking. All mt genome sequences from these turkey parasites possessed 
3 genes (CDS for COI, COIII and CytB) and numerous rDNA frag-
ments similar to those of Eimeria spp. infecting other hosts. Sequence 
variability was concentrated within CDS or between rDNA fragments 
(where indels were common). Phylogenetic analyses were performed 
with all available mt genome sequences from Eimeria spp. under several 
evolutionary models (BI, ML, MP) using complete mt sequences or 
concatenated sequences from the 3 CDS from each mt genome. None of 
the analyses supported the conclusion that all Eimeria species infecting 
turkeys evolved from a common ancestor; instead, although many turkey 
coccidia apparently share a common ancestor, at least one, E. dispersa, 
appears to have arisen via a host switch from some other avian host. In 
addition, the mt sequences suggest that the cecal coccidia of chickens 
(E. necatrix and E. tenella) are distantly related to the other Eimeria of 
chickens and these too may have arisen via a host switch. The nature of 
the mt genome sequences of Eimeria spp. is highly suited for develop-
ment of diagnostic assays as well as, potentially, genetic markers for 
molecular epidemiology of coccidia of poultry.

Key Words: coccidia, mitochondrial DNA, diagnostics, evolution, 
parasitology

103   Effects of feeding dried distillers grains with solubles 
(DDGS) on performance and necrotic enteritis. L. B. Olivia*, J. T. 
Krehling, W. A. Dozier III, K. English, A. Frazier, and K. S. Macklin, 
Auburn University, Auburn, AL.

Necrotic enteritis (NE) is an acute or chronic enterotoxemia that has 
been reported worldwide. Diets that consist of high levels of indigest-
ible, water-soluble non-starch polysaccharides are known to predispose 
birds to NE by increasing the viscosity of the intestinal contents. DDGS 
has become an alternative feedstuff option, being readily available as a 
byproduct from ethanol production; unfortunately it is less-digestible 
for broilers. Four hundred eighty male Ross × Ross 708 day-old chicks 
were obtained and randomly assigned into 48 pens (10 birds/pen). Birds 
were fed 1 of 3 diets containing differing levels of DDGS (0, 7.5, 15%). 
There were 6 treatments that consisted of the 3 dietary treatments that 
were either challenged (12 reps/trt) or unchallenged (4 reps/trt). Body 
and feed weights of birds were determined on d 14 and 28. On d 18, an 
Eimeria cocktail consisting of 20,000 sporulated oocysts of E. maxima 

and E. acervulina was administered by 1-mL gavage to the birds in the 
challenge group. Clostridium perfringens (CP) was administered on 
3 consecutive days (21–23) by 1-mL gavage at 106 cfu/mL. Pen fecal 
scores was determined on d 20 to 28. On d 28, birds were necropsied, 
intestines scored for NE and coccidia lesions, and ceca were removed 
and pooled by pen. CP counts were log-transformed and then analyzed 
using GLM, if significant means were further separated using Duncan 
multiple comparison. Production data, fecal scores, NE and cocci lesions 
were analyzed similarly but were not transformed. Average NE scores 
were significantly lower (P < 0.05) for the 0% (0.25) and 7.5% (0.27) 
DDGS unchallenged treatments than 15% (0.54) DDGS challenged 
treatment. Unchallenged 15% DDGS treatment was not significantly 
lower (P > 0.05) than the challenged groups concluding DDGG at 15% 
inclusion increases NE. Level of DDGS played no role in BW for the 
starter phase. Day 14–28 BW was significantly lower (P = 0.02) for the 
challenged treatments with 7.5% (0.96 kg) and 15% (0.95 kg) DDGS 
compared with the unchallenged with 0% (1.03 kg) DDGS treatment. 
These data support that DDGS at inclusions up to 7.5% do not have a 
negative effect on production or NE development.

Key Words: broiler, DDGS, necrotic enteritis

104   Spatio-temporal expression of mucin 2, IgA, and poly-
meric Ig receptor transcripts in intestine of White Pekin ducks 
before and after hatching. Q. Zhang* and T. J. Applegate, Purdue 
University, West Lafayette, IN.

Intestinal mucin 2 (MUC2) represents a primary barrier component of 
the innate mucosal barrier and target site for secretory IgA. Polymeric 
Ig receptor (pIgR) expressed on the basolateral surface of epithelium, 
is used to transport dimerized IgA from the lamina propria into mucins 
to bridge the innate and adaptive immune defense within the intestine. 
To determine the ontogeny of expression of MUC2, IgA and pIgR in 
Pekin ducks by quantitative RT-PCR, 3 intestinal sections, namely the 
ileum, cecum and cecal tonsil, were dissected (n = 6/age) at embryonic 
d (ED) 19, 21, 24 and 28 as well as post hatching (PH) d 1, 3, 5, 7, 10, 
14 and 21. In all 3 intestinal sections, relative mRNA levels of MUC2 
were low before hatching; however, at hatching day (ED28), MUC2 
showed a 2 log increase (P < 0.05), followed by a steady expression 
through PH21. For IgA, expression was relatively low until PH5, after 
which the IgA expression in all the 3 intestinal tissues dramatically 
increased (P < 0.05) at each determined age stage compared with the 
value at PH5. pIgR had a different pattern of expression. The relative 
pIgR mRNA level in the cecum was negligible and not detected in the 
ileum and cecal tonsil at ED24. From ED28, the pIgR expression in all 
the 3 sections continuously increased until PH14, at which the pIgR 
mRNA level was significantly higher than that at ED28 (P < 0.05). 
From PH14 to PH21, the pIgR expression significantly decreased (P 
< 0.05) in the ileum and cecum as well as had a trend to decrease (P = 
0.10) in the cecal tonsil. In addition, the correlation results showed that 
pIgR was low to moderately correlated with MUC2 (r = 0.46, 0.63, and 
0.29; respectively; P ≤ 0.05), but more highly correlated with IgA (r = 
0.63, 0.58, and 0.46; respectively; P ≤ 0.001) in the ileum, cecum and 
cecal tonsil. The spatio-temporal analyses of the expression patterns of 
these genes provide us insight into their relation in different intestinal 
sections in the maturation of mucosal immunity.

Key Words: Pekin duck, mucin 2, IgA, polymeric Ig receptor
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105   Comparing diversity of the intestinal microbiomes of 
two chicken lines divergently selected for antibody response to 
sheep erythrocytes. S. N. Nolin*1, P. B. Siegel2, and C. M. Ash-
well1, 1North Carolina State University, Raleigh, NC, 2Virginia Tech, 
Blacksburg, VA.

The dynamic relationship between hosts and their resident microbes, 
known as the microbiome, has become an intense area of research in 
recent years. Associations between commensal microbe populations 
and a variety of human diseases have been documented, but much 
less research has been done examining the microbiomes of production 
animals. Two lines of White Leghorn divergently selected for over 30 
generations for high (HAS) or low (LAS) antibody response to sheep 
erythrocytes provide a well-studied model for avian immunogenetics. 
Differences in the microbiomes of these lines could offer insight into 
the role of microbes in bird health as well as the effects of selection on 
microbiome diversity. For this experiment, eggs from each line were 
co-incubated until hatch, after which all chickens were raised together 
in mixed cages to minimize confounding variables. At 7 wk of age, 6 
chickens from each line were euthanized and intestinal contents from 
approximately 4cm of duodenum, jejunum, and ileum were collected 
for microbial DNA isolation. DNA was isolated using the QIAmp 
DNA Stool kit by Qiagen and then sent to the UNC Microbiome Core 
facility for 16S pyrosequencing and analysis. Sequences were analyzed 
using QIIME and ANOVA (P < 0.05) using JMP10 (SAS). Small but 
significant differences in the microbial composition between lines were 
observed. LAS exhibited more overall diversity than HAS; however, a 
significantly higher percentage of the phyla Firmicutes, which include 
lactic acid bacteria (LAB), were observed in HAS. Some studies have 
found that feeding LAB stimulates gut immune systems. The higher 
numbers of naturally occurring LAB in the gut of these birds may 
enhance their immune response, and possibly the selection for high 
antibody response also selected for gut conditions conducive to LAB 
colonization. More research is needed examining the host-microbiome 
relationship to better understand how these microbes affect host physi-
ology and how best to utilize commensal microbes to improve animal 
health and production.

Key Words: microbiome, genetic selection, gut microbe, immune 
response

106   Thymus transcriptome in response to avian pathogenic 
Escherichia coli (APEC) infection. H. Y. Sun*, P. Liu, L. K. Nolan, 
and S. J. Lamont, Iowa State University, Ames, IA.

Colibacillosis, caused by avian pathogenic Escherichia coli (APEC), 
is responsible for significant mortality, morbidity and economic loss 
in the poultry industry, and APEC contaminated poultry products 
may be a reservoir of pathogens important in human disease. Greater 
understanding of the host genomic response to APEC will facilitate 
the development of control strategies. We studied the transcriptome of 
the thymus, a primary immune tissue. Male broiler chicks were chal-
lenged with APEC (or mock-challenged as controls), and thymi were 
harvested at 1 and 5 d post-infection (dpi). Based upon necropsy-scored 
lesions on liver, pericardium, and air sacs, the challenged birds were 
assigned to mild or severe pathology categories, representing resistant 
and susceptible phenotypes, respectively. RNA sequence data were first 
analyzed using the R package EdgeR to identify differentially expressed 
genes. While controlling false discovery rate at 5%, thousands of genes 
were detected to be differentially expressed (DE) in control or resistant 
birds compared with susceptible birds at 5 dpi, and in susceptible birds 

between 1 and 5 dpi. Only small numbers of genes (n < 25) were DE 
between resistant and control birds at 1 or 5 dpi, and in resistant birds 
or control birds between the 2 times post-infection. GO and pathway 
analysis using the R package GOseq identified many immune-related 
pathways, including Toll-like receptor signaling pathway, Lysosome, 
and Phagosome, as significantly changed. In those pathways, DE genes 
of the interleukin (IL7, IL8, IL10R, IL11RA, IL22RA), and TNFRSF 
(TNFRSF1A, TNFRSF 11A, and TNFRSF11B) families were elevated. 
The results reveal an early activation of the immune response by APEC, 
demonstrated by significant changes in gene expression in the thymus. 
The identified signaling pathways are representative of activation and 
resolution of infection. Study of primary lymphoid tissues gives insight 
into the transcriptomic response of cells involved in the earliest phases 
of immune response, including ones that drive the subsequent immune 
reaction.

Key Words: RNASeq, APEC, thymus, transcriptome, immune 
response

107   Evaluation of the combined protective effect of probiotics 
and coccidia vaccine in Eimeria-challenged birds. M. M. Ritzi*1, 
W. Abdelrahman2,3, M. Mohnl3, K. van Heerden4, N. W. Barrett1, T. 
D. Potter1, and R. A. Dalloul1, 1Virginia Polytechnic Institute and 
State University, Blacksburg, VA, 2Biomin Holding GmbH, Herzogen-
burg, Austria, 3Suez Canal University, Ismailia, Egypt, 4Ceva Animal 
Health, Guelph, ON, Canada.

Coccidiosis is an inherent risk in the commercial broiler industry capable 
of inflicting devastating economic losses to poultry operations. Although 
vaccines are relatively effective in controlling the disease, efficacy could 
be improved with concurrent use of probiotics. This study evaluated the 
combined protective effect of Biomin PoultryStar probiotic and Immu-
cox coccidia vaccine in response to a mixed Eimeria species challenge 
in commercial broilers. On day of hatch, 400 commercial male broilers 
(Cobb 500) were assigned to 1 of 4 treatment groups, including a control, 
a vaccine-only gel application (VNC), a probiotic-only gel application 
(NPC) and a vaccine and probiotic gel application (VPC). Birds were 
placed in floor pens with 6 replicate pens per treatment (16–17 birds per 
pen). NPC and VPC birds received PoultryStar in the water supply on 
d 2–4, 8, 14–20, 22, 29, and 34–36. On d 15, birds were orally gavaged 
with 0.5 mL of a mixed inoculum of Eimeria acervulina, Eimeria 
maxima, Eimeria necatrix, and Eimeria tenella, prepared with Immucox 
vaccine at 10 times the normal dose. Performance measurements were 
recorded on d 1 and weekly afterward, and lesion scores were evaluated 
on d 21 (6 d post-challenge). Data were analyzed using the Fit Model 
platform in JMP Pro 10.0 (SAS) where differences in experimental treat-
ments were tested using Tukey HSD following ANOVA with significance 
reported at P = 0.05. Overall, PoultryStar and Immucox resulted in an 
enhanced protective effect against the coccidia challenge, with VPC 
birds demonstrating significantly lower lesion scores in the duodenum 
when compared with VNC or NPC birds. Birds in the VPC treatment 
also demonstrated significantly higher body weight gains during d 1 to 
15, d 7 to 15, and d 21 to 28 compared with the VNC birds. These results 
suggest that the combination of PoultryStar and Immucox vaccine can 
enhance performance and provide an additional protective effect against 
a mixed Eimeria challenge.

Key Words: probiotic, vaccine, coccidiosis, broiler, performance
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108   Effect of environmental temperatures and nicarbazin 
levels on broiler performance, cloacal temperature and blood 
glucose. M. J. Da Costa*1, K. W. Bafundo2, H. M. Cervantes1,2, and 
G. M. Pesti1, 1University of Georgia, Athens, GA, 2Phibro Animal 
Health Corp., Teaneck, NJ.

Use of nicarbazin (NIC) on broiler diets has been described to impair 
bird performance and mortality after the brooding period, especially 
under hot environmental temperatures (ET). Hyperglycemia by NIC 
has been reported in heat stressed, NIC-fed birds. Two experiments 
were conducted to evaluate a potential reduction of NIC side effects by 
reduction of ET. In each experiment, 1,920 d-old male Cobb 500 were 
placed in 48 pens divided among 2 rooms. ET treatments consisted in a 
standard (S) where initial t = 34°C, then −1°C at d 3, 4, 5, 6, 8, 11, 18, 
23, 24, and 26, 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 at 7, 14, 21, and 26d. At 26 d each 
bird was individually handled to induce stress and blood glucose was 
assessed on 2 birds per pen. Data were analyzed as a CRBD with a 2 × 
3 factorial arrangement of treatments with the 2 experiments as blocks. 
Lowering ET increased 18–28 d BWG by 5, 28 and 49 g when 0, 100, 
and 125 ppm of NIC were fed, respectively (significant interaction; P 
< 0.001). Lowering ET increased 0–28 d FCR by 0.01 g/g with 0 NIC, 
but decreased FCR by 0.00 and 0.14 g/g when 100 and 125 ppm NIC 
were fed, respectively (significant interaction; P < 0.037). NIC-feeding 
did not consistently affect cloacal temperature, but did increase blood 
glucose by 9 and 14 mg/dL for 100 and 125 ppm respectively, when 
comparing with 0 ppm; but there were no significant interactions for 
either trait at P < 0.05. No effects of treatments were observed on 
mortality at 18d. Lowering ET decreased 0–28 d mortality by 0.4, 0.8, 
and 10.7% when 0, 100, and 125 ppm of NIC were fed, respectively 
(significant interaction; P < 0.006). Lowering ET decreased 18 d post-
handling mortality by 0.9 and 3.4% when 100 and 125 ppm of NIC were 
fed, respectively (significant interaction; P < 0.004). In conclusion, low 
rearing temperatures can reduce NIC side effects on performance and 
mortality of broilers at 28 d.

Key Words: nicarbazin, environmental temperature, broiler, 
performance

109   Dose titration of FITC-D for optimal measurement of 
enteric inflammation. E. A. Vicuña*1, V. A. Kuttappan1, J. C. 
Wolchok2, A. Menconi1, J. D. Latorre1, O. B. Faulkner1, A. D. 
Wolfenden1, G. I. Tellez1, B. M. Hargis1, and L. R. Bielke1, 1Depart-
ment of Poultry Science, University of Arkansas Fayetteville, AR, 
2Department of Biological and Agricultural Engineering, University 
of Arkansas Fayetteville, AR.

Traditionally, antibiotic growth promoters (AGP) have been used in 
food animals to reduce enteric inflammation and maintain intestinal 
homeostasis, thus improving growth and performance. Due to increas-
ing restrictions regarding the use of AGP, precise and high throughput 
enteric inflammation models and markers to search for effective alter-
natives are urgently needed. Dextran sodium sulfate (DSS) and 24-h 
feed restriction (FR) have been shown to produce enteric inflammation. 
Also, oral administration of fluorescein isothiocyanate dextran (FITC-
D, 3–5 kDa) and its passage into blood can be used as a marker for 
tight junction permeability. In study 1, 10-d-old broilers were assigned 
to control, FR, or DSS (0.75% in water for 5 d), and received an oral 
gavage of FITC-D 2.5 h before sample collection. FITC-D in serum 
and intestinal samples (duodenum, ileum and ceca) were higher (P 
< 0.05) after FR than in DSS and control groups. Cryostat histology 
analysis of intestinal samples revealed that in control birds, FITC-D in 
the cecum was uniformly associated with the epithelium with modest 
intercellular epithelial penetration while cecum from DSS treated birds 
showed strong intraepithelial infiltration and clear submucosal and 
muscularis accumulation. In study 2, FR was evaluated for effect on 
mucosal leakage or “leaky gut” and an oral dose of FITC-D of 0.5, 1.1, 
or 2.2 mg/chick was used to measure GIT permeability in 6 d of age. 
The amount of FITC-D remaining in duodenal tissue of control birds 
increased with dose, however only 1.1 mg FITC-D/chick dose resulted 
in difference (P < 0.05) between control and FR. No differences were 
noted between control and FR, regardless of FITC-D dosage in cecal 
recovery of FITC-D. Additionally, FR increased FITC-D serum levels 
when compared with controls and in a dose-dependent manner. In 
conclusion, FR and DSS both affect GIT tight junction condition, and 
FITC-D can be a good indicator of permeability. Analysis of tissue 
samples may reveal some answers as to how DSS and FR affect GIT 
integrity. Further studies to refine markers and determine their relation 
to GIT functionality are ongoing.

Key Words: dextran sodium sulfate, enteric inflammation, feed 
restriction, GIT permeability
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110   Effect of fructooligosaccharide supplementation on leuko-
cyte composition, immunoglobulin G level and ileal cytokine gene 
expression under Salmonella Enteritidis lipopolysaccharide chal-
lenge in broiler chickens. Y. Shang*1, M. Alizadeh1, J. H. Kim2, and 
W. K. Kim3, 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, 3Department of Poultry Science, University of 
Georgia, Athens, GA.

The effect of fructooligosaccharide (FOS) supplementation on leukocyte 
count, immunoglobulin (Ig) G level and ileal cytokine gene expression in 
respond to Salmonella Enteritidis lipopolysaccharides (LPS) challenge 
was investigated in broiler chickens (n = 180). The study was based on a 
3 × 2 factorial arrangement which included (1) 3 dietary treatments from 
d 1 to 21: positive control (PC), a wheat-corn-soybean meal based diet 
contained antibiotics (virginiamycin and monensin); negative control 
(NC), as PC without antibiotics; and NC+FOS, as NC supplemented with 
0.5% of FOS; and (2) 2 immunological challenges on d 21: intraperito-
neal injection with 2 mg/kg of sterile saline or Salmonella Enteritidis 
LPS. Four hours after the immunological challenge, blood samples 
were collected (6 replicates/ treatment) for leukocyte differentiation 
and IgG determination. Segments of ileum were excised to evaluate 
cytokine gene expression using quantitative real-time polymerase chain 
reaction (qRT-PCR). The LPS challenge demonstrated significant dif-
ference on relative heterophils (H) and lymphocytes (L) concentration, 
H:L ratio, interleukin (IL)-2, IL-18 and interferon (IFN)–γ expression 
(P < 0.0001), as well as serum IgG levels, IL-1β, IL-6, IL-10, and 
toll-like receptor (TLR)-4 expression (P < 0.05). The NC+FOS group 
had reduced heterophil but increased monocyte count when compared 
with NC (P < 0.05). Diet × challenge interaction was observed in IgG 
measurements (P < 0.001). Natural and specific IgG levels were elevated 
in NC+FOS group under the LPS challenge (P < 0.01). Supplemental 
FOS has also upregulated ileal IL-1β, IL-2, IL-10, IL-18, TLR-4 and 
IFN-γ expression in saline groups when compared with PC and NC (P 
< 0.05). In conclusion, Salmonella Enteritidis LPS challenge established 
significant difference toward the immune responses of broiler chickens. 
FOS supplementation upregulated ileal cytokine gene expression, altered 
leukocytes composition and serum IgG levels in respond to LPS, and it 
may play a positive role in improving the immunity of broiler chickens.

Key Words: fructooligosaccharide, Salmonella Enteritidis LPS, 
broiler chicken

111   Chicken anti-CD40 Mab upregulates CCR10 gene expres-
sion in chicken B-cells: A potential gateway bridging the systemic 
and mucosal immune systems. W. K. Chou*, C. Vuong, and L. R. 
Berghman, Texas A&M University, College Station, TX.

Secretory IgA (sIgA) is the first line of defense against pathogenic 
microorganisms entering a host’s mucosal surface, the major portal of 
pathogen entry. Current vaccines for chicken mucosal defense are either 
not effective or are considered time and labor consuming. Recently, we 
reported a new platform, in which an anti-CD40 monoclonal antibody 
(Mab) complexed with biotinylated synthetic peptides was able to induce 
a rapid antigen-specific mucosal sIgA immune response as well as a 
circulatory IgG titer by single administration via various routes, includ-
ing mucosal and subcutaneous administration. Systemic immunization 
was not expected to have an effect on specific mucosal immunity due 

to distinct homing receptors on peripheral resting B-cells and mucosal 
B-cells. However, several recent studies in mammals have demonstrated 
that polyclonal anti-CD40 induced the mucosal homing receptor C-C 
chemokine receptor type 10 (CCR10) by upregulating both mRNA and 
protein levels in peripheral resting B-cells. This suggests that B-cells 
can be activated in the circulation and then migrate to mucosal effector 
sites in mammals. In this study, the effect of Mab CD40-antigen com-
plex and LPS stimulated HD11 produced proinflammatory cytokines 
on gene expression of CCR10 in the chicken B-cell line DT40 was 
examined by real-time PCR. DT40 cells were treated for 8 h with (1) 
cytokines, (2) 5 µg/mL Mab CD40-antigen complex, or (3) cytokines 
plus 5 µg/mL Mab CD40-antigen complex. The results show that Mab 
CD40-antigen complex alone was able to induce significant (P < 0.001) 
CCR10 gene expression in DT40 cells compared with cytokines-only 
treated cells. Moreover, the combination of Mab CD40-antigen complex 
and cytokines boosted the expression of CCR10 on DT40 cells in a 
synergistic manner, up to 5.5-fold (P < 0.05) compared with nontreated 
cells. These results suggest that Mab CD40-antigen complex initiates 
the expression of CCR10 in chicken B-cells in vitro. If the same phe-
nomenon also appears in vivo, then our data suggest a gateway between 
systemic immunization and mucosal immunity in birds, similar to what 
has recently been shown in mammals.

Key Words: CD40, CCR10, B-cell, mucosal, systemic immunization

112   Maternal immunization with NetB-based vaccines protects 
broiler chickens from necrotic enteritis. A. L. Keyburn1,4, R. D. 
Portela1,5, M. E. Ford1, T. Bannam2,3, X. Yan2,3, J. I. Rood2,3, and R. 
J. Moore*1,2, 1Australian Animal Health Laboratory, CSIRO Animal, 
Food & Health Sciences, Geelong, Victoria, Australia, 2Department 
of Microbiology, Monash University, Clayton, Victoria, Australia, 
3ARC Centre of Excellence in Structural and Functional Microbial 
Genetics, Monash University, Clayton, Victoria, Australia, 4Poultry 
Cooperative Research Centre, Armidale, New South Wales, Australia, 
5Health Sciences Institute, Federal University of Bahia, Salvador, 
Bahia, Brazil.

Clostridium perfringens-associated necrotic enteritis in broilers remains 
a major global economic and welfare issue in the poultry industry. The 
disease is primarily controlled through the use of antibacterial feed 
additives. However, the industry is moving away from these practices. 
This situation has increased the need to develop other methods to control 
necrotic enteritis and vaccination is an alternative approach that could be 
deployed to manage this disease in the future. Previously we have shown 
that birds vaccinated with inactivated C. perfringens Type A culture 
supernatant (toxoid) combined with recombinant NetB (rNetB) were 
significantly protected from homologous and heterologous challenge. 
In the present study, the effect of maternal immunization against the 
disease was examined. Broiler breeder hens were injected subcutane-
ously with rNetB alone, C. perfringens Type A toxoid alone, and toxoid 
combined with additional rNetB. Vaccination resulted in a strong serum 
immunoglobulin Y response to NetB in parent hens immunized with 
rNetB formulations, and specific antibodies were transferred to their 
progeny. Subclinical necrotic enteritis in broilers was induced and the 
occurrence of specific enteric lesions was evaluated. Birds from hens 
immunized with rNetB combined with toxoid and challenged at either 
14 or 21 d, had significantly lower levels of disease compared with 
birds from adjuvant only vaccinated chickens. In addition, birds from 
hens immunized with rNetB alone were significantly protected when 
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challenged at 14 d only. From these results, maternal immunization with 
a NetB enhanced toxoid vaccine appears to be a promising method for 
the control of necrotic enteritis in young broiler chickens.

Key Words: necrotic enteritis, Clostridium perfringens, vaccine, 
NetB, toxoid

113   Immune potentiating role of protein, probiotic, and synbi-
otic supplementation in molted White Leghorn hens. H. Anwar*, 
Department of Physiology, Government College University, Faisala-
bad, Pakistan.

The current study was planned to investigate effect of high protein, 
probiotic, and synbiotic supplementation on immunity of culled molted 
White Leghorn hens. About 70 week old cage-housed hens were zinc 
molted. The molted hens were randomly divided in 4 treatment groups: 
control group (CONT; CP16% in basal diet); high protein group (HP; 
18% CP in basal diet); probiotic-supplemented group [PRO; probiotic 
(Protexin) at 85 mg/L in drinking water and fed 16% CP in basal diet]; 
and synbiotic group [SYN; synbiotic (Pefectin) at 85 mg/L in drinking 
and fed 16% CP in basal diet]. Ten birds from each group were killed 
at 5% peak (5P), full peak (FP), and end of production (EP), and blood 
samples were taken. Serum was collected from blood samples for esti-
mating geometric mean antibody titer (GMT) against Newcastle disease 
virus (NDV) and egg drop syndrome (EDS) virus. Abdominal exudates 
(AEC) were used to isolate macrophages, which where cultivated in vitro 
to observe their engulfment response and their nitric oxide production 
assay against sheep RBC as antigen. 2,4-Dinitrochlorobenzene (DNCB) 
was inoculated on skin of 5 birds of each group at 3 specified production 
stages to evaluate the delayed type hypersensitivity response by deter-
mining skin thickness. The overall humoral antibody GMT against NDV 
was higher (P > 0.05) in the HP, PRO, and SYN groups compared with 
the CONT group. The GMT value against EDS was higher (P > 0.05) 
in the HP group compared with the CONT group. A significant increase 
(P ≤ 0.01) in macrophage engulfment response and macrophage nitric 
oxide production response was seen in the HP and PRO groups compared 
with the CONT. The DNCB inoculated skin thickness response remained 
higher (P ≤ 0.01) in the HP till FP as compared with the other groups. 
In conclusion, feeding a diet rich in protein or supplementation with 
a probiotic or a synbiotic enhanced humoral as well as cell mediated 
immunity of molted hens.

Key Words: immune function, protein, probiotic, induced molting, 
layers

114   v-src tumor growth differs among recombinant congenic 
strains identical at the major histocompatibility complex. R. L. 
Taylor Jr.*1, S. J. Nolin2, Z. S. Lowman2, A. E. Zavelo2, and C. M. 
Ashwell2, 1University of New Hampshire, Durham, NH, 2North Caro-
lina State University, Raleigh, NC.

Rous sarcoma virus (RSV) or v-src DNA from the RSV oncogene 
induces chicken tumors whose fate is determined by major histocompat-
ibility complex (Mhc) genes. In addition, genes outside the Mhc influence 
tumor growth. USDA inbred lines 63 and 72, which possess the B2B2 
Mhc genotype, differ in RSV or v-src tumor growth, as well as multiple 
immune characteristics. These 2 lines constitute the prime example of 
non-Mhc gene effects on tumors. Recombinant congenic strains (RCS) 
were developed to identify genes other than the Mhc that affect immune 
responses. Line 72 males were crossed to Line 63 females followed by 
2 backcrosses to Line 63. Subsequent brother-sister mating generated 
strains designated A through X, each having a different 87.5% Line 63 
and 12.5% Line 72. Two replicates including 393 chicks from Line 63, 
Line 72 and 16 RCS were injected with 40 μg of v-src DNA at 6 wk of 
age. Tumor size was measured for 7 consecutive weeks. Birds that were 
terminated or died during the study were assigned subsequent tumor 
sizes of 100. A tumor profile index (TPI), ranging from 1 (complete 
regression by 28 d post-injection) to 5 (a terminal tumor) was assigned 
to each bird based on individual tumor scores. Tumor size and TPI data 
were evaluated by ANOVA followed by separation of significant (P < 
0.05) means using Bonferroni’s method. Line 72 had the greatest tumor 
growth and highest TPI (4.89 ± 0.1), which was significantly (P < 0.05) 
greater that all other strains. The next grouping of significant differences 
(P < 0.05) for tumor size and TPI included strains C (3.67 ± 0.1), L (3.63 
± 0.2), A (3.46 ± 0.2), and Line 63 (3.06 ± 0.1). Finally, strains R (2.91 
± 0.1), W (2.81 ± 0.2), and J (2.72 ± 0.3) had the smallest tumor growth 
and the lowest TPI, were significantly (P < 0.05) less than strains C, 
L, A, and Line 63. Genetic comparisons of Line 72, Line 63, and RCS 
having significant TPI differences will help to identify non-Mhc genes 
that affect v-src DNA tumor growth.

Key Words: oncogene, Rous sarcoma virus, tumor, regression
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115   Trends in nicarbazin sensitivity of Eimeria isolates during 
the past decade. H. Cervantes*, K. W. Bafundo, S. Christenberry, 
and J. Ruiz, Phibro Animal Health, Teaneck, NJ.

Increased usage of an anticoccidial containing lower inclusion levels in a 
combined product of the ionophore narasin and the chemical nicarbazin 
over the past decade has raised the question of whether nicarbazin’s 
efficacy remains unchanged. This led to an examination of anticoccidial 
sensitivity results from Eimeria spp. isolated from litter samples col-
lected from 2004 to 2013 from 68 broiler production complexes across 
the United States. All data were analyzed using the GLM procedure 
of SAS (SAS Institute, 2004). Differences in performance and lesion 
scores among treatments were determined by Duncan’s new multiple 
range test, a probability of P < 0.05 was used to determine significance. 
Analysis of the data showed that based on presence of gross lesions, 
the most prevalent species was Eimeria acervulina (80.9%) followed 
by Eimeria tenella (35.3%) and Eimeria maxima (19.1%). An isolate 
is considered to be sensitive if the lesion scores are reduced by 50% or 
more when compared with the infected, unmedicated controls, by this 
definition, the efficacy of nicarbazin has not significantly (P < 0.05) 
changed during the last decade. Likewise, when performance param-
eters such as 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, unmedicated) and positive (infected, unmedicated) 
controls, no significant (P < 0.05) change in the efficacy of nicarbazin 
was observed during the past 10 yr.

Key Words: nicarbazin, anticoccidial, sensitivity, coccidiosis, 
chickens

116   The effects of Nutrafito Plus and virginiamycin on the per-
formance and anticoccidial responses of broilers vaccinated for 
coccidiosis. K. Bafundo*1, G. Mathis2, and B. Lumpkins2, 1Phibro 
Animal Health Corp., Teaneck, NJ, 2Southern Poultry Research Inc., 
Athens, GA.

A floor pen experiment was conducted to evaluate the effects of Nutrafito 
Plus (NFP, Phibro Animal Health), both alone and in combination with 
virginiamycin (Vm), on the performance and anticoccidial effects fol-
lowing vaccination for coccidiosis. NFP, a saponin-containing feed 
additive, was included in feeds at 0, 200, and 250 ppm and Vm was 
supplemented at 0 and 22 ppm in a 3 × 2 factorial design. All broilers 
were vaccinated for coccidiosis at day-of-hatch and medicated feeds 
were provided from placement until d 42. Performance was measured at 
d 18, 28 and 42 and oocyst counts per gram of feces were determined at 
d 21, 28 and 35. At d 21, 5 birds from each pen were removed, exposed 
to a challenge dose of Eimeria spp., and placed in cages where they were 
maintained for 7 d. To assess their acquired immunity to coccidial chal-
lenge, these birds were killed 7 d post-infection and scored for lesions. 
Results of this evaluation indicated that, compared with nonmedicated 
controls, NFP significantly improved feed conversion at 18, 28 and 42 d 
of age (P < 0.05); feed conversion at these times was further improved by 
Vm (P < 0.05), but no interactive effects of the additives were observed. 
On d 21, NFP (both 200 and 250 ppm) significantly reduced total oocysts 
per gram of feces (P < 0.05). In addition, birds exposed to NFP for 21 
d and then challenged with coccidia in separate cages had higher lesion 
scores than controls following Eimeria challenge (P < 0.05). Taken 
together, these results indicate that NFP exerted an anticoccidial effect 

which provided consistent improvements in feed conversion when used 
in combination with a coccidiosis vaccine.

Key Words: Nutrafito Plus, virginiamycin, coccidiosis, performance, 
coccidia vaccination

117   Intestinal lesion scoring techniques for coccidiosis in 
chickens: Re-examining Johnson and Reid. H. Cervantes*, Phibro 
Animal Health, Teaneck, NJ.

In 1970, J. Johnson and W. M. Reid published a lesion scoring method 
to evaluate gross coccidial lesions in chickens. The goal was to standard-
ize lesion scoring among researchers but poultry industry veterinarians 
adopted the technique for routine monitoring of coccidiosis; however, the 
current use is substantially different from that described in the publica-
tion. The authors abandoned all attempts to score by species, and instead 
recorded the degree of coccidiosis damage to 4 regions of the intestinal 
tract. They noted that scoring lesions for Eimeria maxima and Eimeria 
brunetti was very difficult, that their technique requires a minimum of 2 
but ideally 3 people, that the serosal surface of the intestines should be 
examined for lesions first under a strong light, that a similar examination 
of the mucosal surface with collection of shallow and deep scrapings 
for microscopic examination should be conducted, that lesion scoring 
should be conducted by one person with no knowledge of treatments, 
and that no more than 200 birds should be examined in a day by a team 
of 3. Observations from the field showed that people conducting lesion 
scoring report findings by species rather than region, that evaluators tend 
to increase the severity of the infections by one level, that most individu-
als conduct the scoring and microscopic examination by themselves, 
that individuals conducting the scoring session usually have knowledge 
of the anticoccidial program, that the individual conducting the scoring 
usually does not examine the serosal surface throughout the length of 
the intestines before examining the mucosal surface, that most reports 
give the incidence of coccidiosis or the incidence of each coccidial spe-
cies by age but very few provide the mean lesion score by flock and the 
average lesion score for the necropsy session, that some individuals do 
not collect mucosal scrapings for microscopic examination and that an 
experienced evaluator has scored up to 2,000 birds in a period of 3 h. In 
conclusion, few if any of us follow the method developed and published 
in 1970 by Johnson and Reid as originally described.

Key Words: coccidiosis, intestinal lesion scoring, chicken

118   Evaluation of gut leakage in multiple enteric inflammation 
models in chickens. V. A. Kuttappan*, E. A. Vicuña, J. D. Latorre, A. 
D. Wolfenden, O. B. Faulkner, G. I. Téllez, B. M. Hargis, and L. R. 
Bielke, University of Arkansas, Fayetteville, AR.

Enteric inflammation models with robust means to induce and measure 
gut leakage in poultry have many applications in both production and 
research. These models can help to connect gut health with performance, 
and evaluate various growth promoters as well as dietary formulations 
targeted to improve performance in poultry. Oral administration of fluo-
rescein isothiocyanate dextran (FITC-d; 3–5 kDa) and its pericellular 
mucosal epithelial leakage into blood can be used as a marker to evaluate 
enteric inflammation in poultry, similar to previous reports in rodents. 
In a study conducted in our laboratory, 0.75% dextran sodium sulfate 
(DSS) in drinking water and 24h feed restriction (FR) were compared 
as potential methods to induce gut leakage in broilers. Both DSS and 
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FR resulted in higher (P < 0.05) serum FITC-d levels when compared 
with controls, suggestive of increased gut leakage. In addition, duodenal 
and cecal sections from FR showed increased (P < 0.05) retention of 
FITC-d. In another experiment, effect of different diet formulations along 
with 0.75% DSS and FR on broiler gut health was compared. Treatment 
groups (n = 12 birds/group) were DSS (0.75% in drinking water), high 
fat diet (HFD; 6.6% poultry oil), HFD + DSS, rye-based diet (RBD) 
and FR. All groups, except HFD and RBD groups, were fed with diet 
containing 3.3% poultry oil. Also, effects of 0.45 g of DSS/bird as oral 
gavage (OG-DSS) and FR on bacterial translocation were compared in 
a different set of birds (n = 20/group). The RBD and FR groups showed 
higher (P < 0.05) levels of serum FITC-d when compared with control 
birds. In addition, HFD + DSS, RBD, and FR resulted in increased (P 
< 0.05) retention of FITC-d in duodenal mucosa. Moreover, FR birds 
had higher (P < 0.05) level of FITC-d retained in ceca tissue compared 
with all other groups in the study. Results from our study also showed 
that FR, similar to OG-DSS, can result in increased (P < 0.05) bacterial 
translocation in chickens. From these studies, it can be concluded that 
different diet formulations, such as HFD and RBD, can cause increased 
gut leakage, similar to FR and DSS, which could result in increased 
bacterial translocation in chickens.

Key Words: dextran sodium sulfate, serum FITC-d, bacterial translo-
cation, gut leakage, feed restriction

119   Evaluation of litter from three broiler complexes for 
coccidia resistance. J. T. Krehling*, L. B. Olivia, K. English, A. N. 
Frazier, and K. S. Macklin, Auburn University, Auburn, AL.

A study was performed at the Auburn University (AU) Poultry Research 
Farm using Eimeria spp. isolated from pooled poultry litter samples 
collected from 3 poultry complexes. Each complex sampled consisted 
of 6 to 8 litter samples. Samples were homogenized with equal portions 
of litter, and standard Eimeria isolation techniques were used for oocyst 
isolation and sporulation. Three trials were conducted to examine the 
effect of these mixed coccidia isolate challenge on live production 
values and lesion scores. Each study consisted of 6 medicated feed 
groups: untreated/uninfected (A), untreated/infected (B), diclazuril (C), 
robenidine (D), amprolium (E) and decoquinate (F). Each treatment 
groups consisted of 3 replicates containing 6 male chicks/rep (108 male 
chicks/study). Chicks were fed AU starter for 12 d then switched to 
medicated feed 2 d (d 13) before Eimeria challenge. Treatments B to F 
were administered 100,000 sporulated mixed Eimeria spp. oocysts per 
bird on d 15. Mortalities were recorded from d 13 to 21. On d 21, bird 
pen and feed weights were recorded. Birds were necropsied and lesion 
scores were taken for the duodenum, jejunum, ileum and ceca. Feed 
conversion, body weight and lesion scores were analyzed using GLM if 
significant (P < 0.05) means were separated using Tukey’s HSD. FCR 
and d 13–21 BW for trials 1 and 3 showed no significance between treat-
ments. For trial 2, FCR for B (1.77) was significantly higher than that 
for A, C, D, E, and F (1.34, 1.40,1.42,1.43,1.41 kg, respectively). Day 
13–21 pen BW for A, C, D, E, and F (4.69, 4.44, 4.48, 4.34, 4.50 kg) 
were favorable compared with that for B (3.53). Lesion scores for the 
3 studies showed significance with respect to lesion severity, but there 
was variability dependent upon the region scored. When comparing the 
intestinal regions that were scored, no single treatment gave consistent 
results like the unchallenged control treatment. These data show that 
anticoccidial use can influence FCR, body weight, and lesion sever-
ity. Other factors such as variability in Eimeria spp. and resistance to 
medications can affect live production values as well as lesion severity.

Key Words: coccidia, lesion, FCR

120   Modulating coccidiosis and performance with dietary sup-
plementation strategies or salinomycin fed to coccidia vaccinated 
broiler chickens. G. Mathis*1, B. Lumpkins1, W. D. King2, and T. 
Sefton2, 1Southern Poultry Research, Inc., Athens, GA, 2Alltech Inc., 
Nicholasville, KY.

This study assessed gut health feeding strategies that use continuous 
application (908 g/t for d 18–35 or 908 g/t for d 0–42) of a proprietary 
mixture of organic minerals, yeast cell wall oligosaccharides and plant 
extracts manufactured from Alltech Inc. (Natustat), a combination of 
strain specific mannan-rich fractions from yeast (Actigen; 400 g/t d 0–18, 
200 g/t d 18–42) and Natustat (908 g/t d 18–35), or a low level (40 g/t d 
18–35) of the antimicrobial anticoccidial ionophore salinomycin. Using 
these 4 supplement strategy treatments and a non-medicated control, a 
42-d floor pen trial was conducted. There were 8 replications of each 
treatment. Cobb 500 male broiler chicks were vaccinated for coccidia 
at hatch. Each pen contained 50 chicks with 0.93 sq. ft per chick. A 3 
phase dietary program was used based on commercial feed formulation 
standards: 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 weekly; OPG 
indicated that the peak of coccidiosis occurred between d 21 and 28. 
At d18 only the birds fed mannan rich fractions had a significantly (P 
< 0.05) improved feed conversion ratio (FCR). At d 35, benefits for all 
strategies were observed with significantly (P < 0.05) lower FCR and 
OPG compared with NM birds. Day 42 benefits of all feed additives 
were greater with significantly (P < 0.05) higher weight gains, lower 
FCR, and lower OPG compared with NM birds. The combination treat-
ment had the best performance followed by the salinomycin strategy, 
the d 0–42 Natustat strategy, and then the d 18–35 Natustat strategy. All 
feeding strategies modulated coccidiosis and improved performance. 
Continuous feeding of Natustat improved performance compared with 
the Natustat only during the peak of coccidiosis infection strategy. 
Actigen did not demonstrate any anticoccidial activity. Thus the com-
bination strategy may have beneficially modulated coccidiosis leading 
to improved performance.

Key Words: Actigen, Natustat, salinomycin, coccidiosis, 
anticoccidial

121   Performance of broiler chickens fed Saccharomyces cere-
visiae boulardii and challenged with Clostridium perfringens. G. 
Mathis*1, B. Lumpkins1, C. Hofacre2, M. Masadeh3, and E. Keith3, 
1Southern Poultry Research Inc., Athens, GA, 2University of Georgia, 
Athens, GA, 3Lallemand Animal Nutrition, Milwaukee, WI.

The objective of a battery cage study was to evaluate the performance 
and level of Necrotic Enteritis of broiler chickens issued Saccharomyces 
cerevisiae type boulardii (SCB) or the antibiotic Virginiamycin (VIR) 
and challenged with Clostridium perfringens. It has been demonstrated 
that Saccharomyces cerevisiae type boulardii aids in establishing a bal-
anced intestinal microbiota population. The study used a randomized 
block design with 8 replications of 8 birds per cage. The treatments 
were nonmedicated nonchallenged (NMNC), nonmedicated challenged 
(NMC), SCB dose 1 (1 × 109 cfu/kg), SCB dose 2 (2 × 109 cfu/kg), and 
VIR (20 g/t). Day of hatch chicks were placed into cages and issued treat-
ment feeds (d 0). Treatment feeds were available ad libitum throughout 
the experiment (d 0–28). On d 14, birds were challenged with Eimeria 
maxima and on d 18,19, and 20 with Clostridium perfringens. On d 21, 
3 birds per cage were scored for necrotic enteritis (NE) lesions (scoring 
range 0–3). The parameters measured were feed conversion and weight 
gain, NE mortality, and NE lesion scores. The data were analyzed with 
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a P-value of 0.05 to determine the level of significance. There was a 
significant (P < 0.05) improvement in performance (feed conversion 
and weight gain) at d 0 to 21, d 14 to 21 (challenge period), and d 14 to 
28 for all treatments compared with the NMC treatment birds. Percent 
weight gain during the challenge period was NMC 67%, SCB dose 1 
75%, SCB dose 2 78%, and VIR 81%. The percentage of NE mortality 
(8.75%) and lesion score (0.85) for NMC fed birds were significantly 
higher (P < 0.05) than all other treatments. The percent NE mortality and 
lesion score was for SCB dose 1 (2.5%, 0.48), SCB dose 2 (2.5%, 0.34) 
and VIR (3.75%, 0.57). The percent NE mortality and lesion scores for 
all feed additive treatments were not significantly different. This study 
demonstrated benefits in live performance and reduction in NE when 
issued Saccharomyces cerevisiae boulardii or virginiamycin in feed of 
broiler chickens exposed to Clostridium perfringens.

Key Words: Clostridium perfringens, Saccharomyces cerevisiae 
boulardii, virginiamycin, necrotic enteritis, coccidiosis

122   Utilization of rye by poultry: The role of gut-liver axis 
on microbial ecology in the gastrointestinal tract and bacterial 
translocation. G. Tellez*1, J. D. Latorre1, H. Lester1, D. Lester1, 
J. Blankenship1, A. Wolfenden1, J. L. Vicente2, R. Wolfenden2, V. 
Kuttappan1, L. R. Bielke1, O. Faulkner1, X. Hernandez-Velasco3, E. 
Vicuña1, B. M. Hargis1, and M. H. Kogut4, 1University of Arkansas, 
Fayetteville, AR, 2Pacific Vet Group, Fayetteville, AR, 3FMVZ-
UNAM, Mexico City, DF, Mexico, 4USDA-ARS, College Station, TX.

Performance of rye-fed birds can be improved markedly by dietary 
supplementation with exogenous xylanase. Previously, we have reported 
that dietary inclusion of selected direct-fed microbial (DFM) candidates 
that produce endogenous enzymes in NSP diets significantly reduced 
both viscosity and Clostridium perfringens proliferation compared with 
control diets without the DFM in vitro. In the present study, a starter 
corn-soybean-based diet (CD) was compared with a rye-soybean-based 
diet (RD) (n = 20). Both diets were administered ad libitum to 1-d-old 
poults in 2 independent trials. At d 10, all poults in both groups were 
humanely killed and liver sections were aseptically collected to deter-
mine coliform counts (cfu/g) on MacConkey agar plates. Intestinal 
contents from duodenum to cloaca were collected to determine viscosity. 
In trial 2, all poults received an oral gavage of fluorescein isothiocyanate 
dextran (FITC-d; 3–5 kDa) 2.5 h before killing and blood samples were 
collected for appearance of circulating FITC-d. Total counts (cfu/g) of 
coliforms, lactic acid bacteria (LAB), or anaerobes were also deter-
mined by plating in selective media from duodenum, ileum, and ceca, 
respectively. In both experiments, a significant reduction (P < 0.05) in 
the total number of coliforms in the liver as well as intestinal viscosity 
was observed in the group of poults fed CD compared with RD. In trial 
2, poults fed RD showed a significant increase in serum FITC-d; total 
LAB in duodenum, ileum, and ceca; total coliforms in ileum and ceca; 
and total anaerobes in ceca compared with poults fed a CD. Intestinal 
bacterial overgrowth and bacterial translocation of gut flora via portal 

circulation to the liver predispose poultry to systemic bacterial infec-
tions. A better understanding of cell-specific recognition and intracellular 
signaling events involved in sensing gut-derived microbes will help in 
the development of means to achieve an optimal balance in the gut-liver 
axis. Studies to evaluate the possible inflammatory effects of the NSP 
in RD in poultry are currently being evaluated.

Key Words: Bacillus, DFM, enzyme, bacterial translocation, 
viscosity

123   Vertical infection with Salmonella enterica var. Enteritidis 
and its effects on the avian embryo. R. M. Noiva*, A. C. Menezes, 
and M. C. Peleteiro, Interdisciplinary Research Centre on Animal 
Health, Faculty of Veterinary Medicine, University of Lisbon (CIISA/
FMV/ULisboa), Lisbon, Portugal.

Poultry can become infected with a variety of pathogenic bacteria that 
can be vertically transmitted to the progeny. Histopathological and 
microbiological analysis of infection-related changes in the embryo may 
prove to be a practical way of detecting infectious agents in samples 
with little to no market value, complementing the blood/serum sample 
analysis of the flock. With the recent programs for control of Salmonella 
infection in US flocks, direct microbiological egg/embryo analysis could 
contribute to protect both flock and public health. This study aimed to 
simulate vertical infection with Salmonella Enteritidis, characterizing 
physiological and pathological changes in chicken embryos, in response 
to infection. Two hundred 80 8 specific pathogen-free eggs were divided 
into 4 different groups, 2 negative controls and 2 trial groups. The first 
trial group was inoculated with 105 cfu/mL of Salmonella Enteritidis 
reference strain (CECT-4300) in sterile NaCl (0,9%). The second trial 
group was inoculated with the same strain at 102 cfu/mL. Each trial 
group was incubated concurrently with a control group (inoculated with 
saline). Break-outs were performed every 48 h to evaluate the effects 
of each manipulation on embryo development. Presence/absence of 
Salmonella in all groups was confirmed by conventional PCR. Statisti-
cal analysis employed the Chi-Square test and one-way ANOVA. Both 
treatments resulted in significantly higher mortality rates for the trial 
groups, ranging between 71.64% (105 cfu/mL; P < 0.01) and 46.67% 
(102 cfu/mL; P < 0.01) with time of death restricted to the first 7 d of 
incubation. Only one embryo survived as far as d 18 of incubation for 
the first trial group, whereas in the low-inoculum group, half of the eggs 
open at d 20 contained viable embryos. No macroscopic lesions (e.g., 
necrotic foci, hyperemia/congestion) were detected in viable inoculated 
embryos, except for a single case of compound malformation (multiple 
malformations in a single bird) observed in the low-inoculum group, 
supporting the theorized ability of Salmonella Enteritidis to generate 
asymptomatic carriers, albeit causing elevated embryo death rates.

Key Words: chicken embryo, vertical infection, Salmonella 
Enteritidis
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124   Molecular survey of gut bacterial colonies in three strains 
of chickens. A. P. Rogers*1, N. B. Anthony1, Y. M. Kwon1, K. Row-
land2, A. Hayden1, and T. Jiang1, 1University of Arkansas, Fayette-
ville, AR, 2Iowa State University, Ames, IA.

The microbiota is a complex and balanced community of hundreds 
of microbial species that play critical roles in diverse processes of the 
host, including digestion of food, disease and immune function. The 
gut microbiota in avian species is thought to be influenced by both 
environmental and genetic factors. However, little research has been 
conducted to examine the effects of host genetics on the structure and 
diversity of the bacterial communities found in the chicken gut. The pur-
pose of this study was to understand the influence of genetics on the gut 
microbiota for the first 4 wk post-hatch by comparing 3 different strains 
of chickens reared intermingled in a common environment. A wild-type 
bird originating from Southeast Asia in the 1950s and now maintained 
at the University of Arkansas (giant jungle fowl), a randomly mated 
commercial bird representing the broiler of the 1990s, and a modern day 
commercial bird were raised on clean pine shavings with feed and water 
provided ad libitum. Complete ceca were collected at hatch, 2, 7, and 
28 d post-hatch. Genomic DNA was isolated from cecal contents and 
used as templates for PCR amplification targeting hypervariable region 
V6 in the 16S rRNA gene. About 1.5 million sequences per sample will 
be obtained by high-throughput Illumina sequencing and analyzed to 
understand the structure and diversity of the bacterial communities as 
influenced by ages and lines. This study could provide valuable insights 
on the genetic factors influencing bacterial colonies in gut and the role 
of the gut bacterial colonies in growth characteristics of the birds. Data 
will be presented regarding statistical relationships between bacterial 
colonies, age and strain of bird.

Key Words: chicken, 16S rRNA, bacterial communities, gut health, 
genetics

125   Identification of high-utility genetic marker genes for 
chronic stress in chickens using high-throughput genome 
sequencing of genetically selected stress lines of Japanese quail. 
S. W. Kang*, B. W. Kong, G. Nagarajan, N. B. Anthony, and W. J. 
Kuenzel, University of Arkansas, Fayetteville, AR.

The objective of this study was to explore genetic markers for chronic 
stress in male broilers by performing genome sequencing of a geneti-
cally selected low stress line (LS) and high stress line (HS) of Japanese 
quail (Coturnix coturnix japonica). The 2 lines of Japanese quail were 
established by Dan Satterlee (Poult. Sci. 1988 67:25–32) based upon 
their corticosterone response to immobilization stress. Previous studies 
evaluated the potential usefulness of these quail lines for modeling the 
effects of the stress response on susceptibility to disease and pathogen 
colonization. In this study, whole genomes of Japanese quail LS and 
HS were sequenced using the Illumina HiSeq 2500 (rapid run flow cell, 
a paired end read of 2 × 150 bp). Data were assembled and analyzed 
using software DNAstar Lasergene and Ingenuity Pathway Analysis. 
Over 3 million single nucleotide polymorphisms (SNP) were identified 
in each line and over 97% of SNP were found in the intergenic regions. 
In the coding DNA sequences, SNP that generated synonymous, non-
synonymous, non-sense, no start, and no stop mutations were 69.4, 
30.1, 0.3, 0.07, and 0.03%, respectively. Genes containing SNP were 
compared with stress-responsive genes which were previously identified 
by chicken microarray studies using male broilers that were subjected 

to repeated immobilization. Fifty-seven of the most reliable genetic 
marker genes were chosen by the following parameters: over 75% SNP 
rate, over 16 depth (read counts of contig), and differential changes of 
mRNA in the brain and anterior pituitary gland of chronically stressed 
chickens. Hence, most reliable SNP identified in this study may be 
utilized as genetic biomarkers to detect chronic psychogenetic-stress 
resistance or susceptibility. This study was supported in part by the 
National Animal Genome Research Program-Poultry (NRSP-8) and 
NSF grant #IOS-0842937.

Key Words: stress, genome sequencing, SNP, genetic marker, Japa-
nese quail

126   The genetic relationship between feed efficiency and 
reproduction traits in the turkey (Meleagris gallopavo). B. J. 
Wood*1,3, T. Boersma2, and O. W. Willems3, 1Hybrid Turkeys, Kitch-
ener, ON, Canada, 2Wageningen University and Research, Wagenin-
gen, the Netherlands, 3University of Guelph, Guelph, ON, Canada.

The objective was to calculate the heritability and genetic relationship 
between the feed efficiency traits (feed conversion ratio (FCR) and 
residual feed intake (RFI)) and the reproductive traits of egg production 
(EP), fertility (FERT) and hatch of fertile (HOF) in the turkey. Data was 
collected from a sire line of Large White turkeys with records between 
2005 and 2012 with a full pedigree available for all individuals. Data 
was available for the reproductive traits in females, EP (n = 9,446), 
FERT (n = 11,757), and HOF (n = 11,481). Feed intake and body weight 
gain were also available in related males (n = 8,278). Egg production 
was measured as a percentage of days where an egg was produced, 
FERT was measured as a proportion of eggs that were candled fertile 
and HOF was measured as a percentage of fertile eggs producing a live 
poult. ASReml 3.0 was used to calculate the genetic variances using 
the model: Trait = hatchweek + hatchweekdam + animal + e, where 
trait represents the reproductive or feed efficiency trait, hatchweek is 
a fixed contemporary group effect, hatchweekdam is a fixed effect for 
dam age, included to take year into account, animal is the random addi-
tive genetic effect, and e represents the random residual effect. Genetic 
correlations were calculated using a bivariate analysis. The heritabilities 
and standard errors in parentheses of EP, FERT, HOF, RFI and FCR 
were 0.26 (0.04), 0.07 (0.02), 0.19 (0.04), 0.29 (0.05) and 0.13 (0.04), 
respectively. Genetic correlations and standard errors between FCR 
and FERT, HOF, EP were −0.38 (0.23), −0.22 (0.19) and −0.39 (0.16), 
respectively and similarly with RFI they were −0.29 (0.18), −0.44 
(0.14) and −0.34 (0.13). As has been found in other species, competitive 
resource allocation between commercial and reproductive traits results 
in significantly negative correlations between the 2 sets of traits. If not 
accounted for in an appropriately weighted selection index, this may 
be lead to unexpected selection consequences and potentially decrease 
in consistent egg production.

Key Words: reproduction, feed efficiency, resource allocation, turkey

127   Withdrawn
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128   Coefficients for standardized ileal amino acid digestibility 
in broilers. A. Helmbrecht*, Evonik Industries AG, Hanau, Germany.

The basis of least-cost formulation is to rank raw materials according to 
both price and nutritive value and then to find the cheapest compromise 
meeting all constraints. Only feed formulation on basis of digestible 
amino acids (AA) will provide AA in an amount sufficient for the 
requested performance of an animal (growth, production of eggs, fer-
tility). Additionally, the use of all raw materials in diet formulation is 
enabled, even raw materials of a lower AA digestibility because balanc-
ing according to animal’s requirement is possible (e.g., by supplement-
ing AA). For the determination of digestibility different methods were 
developed. Impact factors such as a combined AA excretion of urine 
and feces, metabolization of indigested AA by intestinal microbes and 
their excretion, excretion of endogenous AA, and the variation of AA 
digestibility with age are considered by the concept of standardized 
ileal digestibility (SID). For determination of SID, apparent ileal AA 
digestibility is measured in growing broilers is standardized for a table 
value of endogenous AA losses. The concept has been introduced in 
feed formulation for broilers in the early 2000s. A first data set with 
SID coefficients for 20 raw materials plus combined values for peas 
and beans has been published in 2004 (Lemme et al.). A scan of recent 
literature as well as own research delivered data allowing for an exten-
sion of the number of raw materials to 24 backed by 36 references. The 
number of data backing coefficients for a raw material varies between 
1 (soy protein concentrate and soybean full fat) and 70 (rapeseed/
canola meal). Also the number of data backing single AA coefficients 
with a raw material varies between 0 (mostly for cysteine, tryptophan, 
and nonessential amino acids) and 70 (essential amino acids except 
tryptophan). For an improvement of a table for SID coefficients future 
research should concentrate on less investigated raw materials and 
consider always the determination of SID for cysteine, tryptophan and 
nonessential amino acids.

Key Words: amino acid, standardized ileal digestibility, broiler

129   The effect of mild coccidial vaccine challenge on apparent 
and standardized ileal amino acid digestibility in 21- and 42-d-old 
broilers. S. A. Adedokun*1, A. Helmbrecht2, and T. J. Applegate1, 
1Purdue University, West Lafayette, IN, 2Evonik Industries AG, 
Hanau-Wolfgang, Germany.

The objective of this study was to determine the effect of mild coccidial 
vaccine challenge on standardized ileal amino acid digestibility (SIAAD) 
in 21- and 42-d old broilers fed a corn-soybean meal-DDGS-poultry 
by-product meal based diet. The study was designed as a 2 × 2 factorial 
arrangement of treatments with 2 ages (d 21 and 42) and 2 levels of 
coccidial vaccine (Coccivac B) challenge (−/+) with 8 replicate cages 
of 8 (d 21) or 6 (d 42) birds/cage. Four hundred forty-eight birds (256 
for d 21 and 192 for d 42) were randomized to experimental treatments 
in a complete randomized design. Half of the birds consisting of 8 
replicate cages/treatment were challenged, CHA (d 15 and 36 for birds 
sampled on d 21 and 42, respectively) with 10× of coccidial vaccine, 
whereas the remaining half were not challenged (NCH). Standardized 
ileal amino acid digestibility on d 21 and 42 was determined by cor-
recting apparent ileal amino acid (AA) digestibility values for basal 
ileal endogenous amino acid (EAA) losses generated within the same 
study from 21- and 42-d-old CHA and NCH birds fed a nitrogen-free 

diet. Significant interactions (P < 0.05) or tendency for interaction (P < 
0.1) between age and treatment for ileal EAA losses were observed for 
most of the AA except for Cys. Ileal EAA losses for Met, Trp, Arg, and 
nitrogen (N) were lower (P < 0.05) in 42-d old NCH birds compared 
with 42-d-old CHA birds. There were significant interactions between 
age and treatment with apparent and standardized ileal DM, N, and 
AA digestibility values being lower (P < 0.05) in 21-d-old CHA birds. 
Apparent and standardized ileal DM, N, and AA digestibility for the 
NCH birds at 21 and 42 d old were not different (P > 0.05). However, 
coccidial vaccine challenge resulted in a decrease in apparent and stan-
dardized digestibility in 21-d-old CHA birds. The difference in SIAAD 
between the NCH and CHA 21-d old birds for Met, Lys, Thr, and Val 
was 9.7, 10.4, 19.4, and 20.1 percentage units, respectively. Results from 
this study showed that coccidial CHA significantly influenced ileal AA 
digestibility on d 21 compared with 42-d-old birds.

Key Words: broiler, coccidial challenge, endogenous amino acid, 
standardized digestibility

130   Effects of low ambient temperatures and dietary methio-
nine hydroxyl analogue supplementation on growth performance 
and ascites syndrome of 8- to 28-day-old broilers. Q. F. Zeng*, G. 
L. Yang, K. Y. Zhang, X. M. Ding, and S. P. Bai, Sichuan Agricul-
tural University, Ya’an, Sichuan, China.

The study was conducted to determine the effects of low ambient 
temperature (LAT) and dietary methionine hydroxyl analog (MHA) 
supplementation on the growth performance, blood parameters, and heart 
index, which is a sign of ascites syndrome, in broilers from 8 to 28 d of 
age. At 8 d, 800 birds were randomly assigned to 2 temperature (LAT 
and normal ambient temperature, NAT) and 4 dietary MHA addition 
(0, 0.17, 0.34 and 0.51%) in a 2 × 4 factorial arrangement of treatments 
(10 replicate pens with 10 birds per pen). Broilers in LAT were raised 
at 14°C to 16°C during 8 to 28 d, whereas groups in NAT were raised 
at 24°C to 26°C. Growth performance, blood parameters, and heart 
index were evaluated on d 14, 21 and 28. Data were analyzed by 2-way 
ANOVA using the GLM procedure of SAS. During the whole experi-
mental period, LAT decreased (P < 0.01) final BW, BW gain and ADFI, 
and markedly increased (P < 0.01) feed-to-gain ratio. Blood hematocrit 
(HCT) and red blood cell count (RBC) were increased (P < 0.01) by 
LAT. Low temperature also increased (P < 0.05) heart index of broiler 
at 21 and 28 d of age. Blood hemoglobin (d 14 and 21), RBC and HCT 
(d 21) concentration, and heart index (d 28) were decreased (P < 0.05) 
with an increase in dietary MHA supplementation. There was interaction 
(P < 0.05) between LAT and dietary MHA supplementation on HCT 
and RBC on 14 d, and a tendency (P = 0.06) for interaction (HCT) on 
21 d. These results suggested that LAT decreased growth performance 
and caused ascites syndrome to develop in broiler. However, dietary 
MHA supplementation mitigated the development of ascites syndrome 
in broiler under the condition of LAT.

Key Words: ascites, broiler, blood parameter, low ambient tempera-
ture, methionine hydroxyl analogue
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131   Effects of dietary lysine and methionine supplementa-
tion on the breast meat quality of male broilers. W. Zhai*1, M. W. 
Schilling1, E. D. Peebles1, and Y. Mercier2, 1Mississippi State Univer-
sity, Mississippi State, MS, 2Adisseo France, Commentry, France.

In a previous companion study, we found that broiler growth perfor-
mance and meat yield were improved by the feeding of increased levels 
of dietary lysine (Lys) and methionine (Met). In the current study, effects 
of dietary lysine and Met supplementation on breast (pectoralis major) 
meat quality of male Ross × Ross 708 broilers were determined. A 
completely randomized block design with 2 × 4 factorial arrangement 
of treatments was applied (10 blocks and 8 treatments/block). The diets, 
including 2 Lys levels (1.013 and 1.216%) and 4 Met levels (0.304, 
0.380, 0.456, and 0.532%), were fed from 21 to 42 d of age in the form 
of pellets. Data were analyzed by 2-way ANOVA using the MIXED 
procedures of SAS 9.3. Broilers were processed at 42 d of age. Supple-
mentary Lys increased sarcoplasmic protein (soluble protein) solubility 
(P = 0.007), decreased cooking loss (higher cooking yield; P = 0.0009), 
decreased shear force (increased tenderness; P = 0.035), increased pH 
(less protein denaturation; P < 0.0001), and decreased the lightness 
(associated with higher muscle pH and cooking yield; P < 0.0001) of 
breast muscle. Dietary Lys and Met interacted to affect cooking loss, in 
that breast meat from birds fed the highest Lys and Met levels showed 
the lowest cooking loss (P = 0.02). In conclusion, supplemental dietary 
Lys and Met increased growth rate and meat yield without having any 
adverse effects on the meat quality parameters tested. Furthermore, the 
supplementation of diets with Lys and Met may improve some meat 
quality parameters.

Key Words: breast, broiler, lysine, meat quality, methionine

132   Cost effectiveness of supplemental dietary lysine and 
methionine for meat yield in male broilers. W. Zhai*1, E. D. 
Peebles1, and Y. Mercier2, 1Mississippi State University, Mississippi 
State, MS, 2Adisseo France, Commentry, France.

In a companion study, it was found that birds responded differently to 
dietary methionine (Met) when lysine (Lys) levels varied. In addition, 
the improvement in meat yield in response to Met supplementation 
was mainly due to improvements in relative front half rather than leg 
yields. In the current study, the cost effectiveness of utilizing dietary 
Lys and Met supplementation to promote broiler meat yield was inves-
tigated using male Ross × Ross 708 broilers. A completely randomized 
block design with 2 × 4 factorial arrangement (2 Lys × 4 Met levels) 
of treatments was applied (10 replicates) from 21 to 41 d of age. The 
2 Lys levels were 100 and 120% of recommended levels from NRC 
(1994; 1.013 and 1.216% in the final diets), and the 4 Met levels were 
80, 100, 120, and 140% of recommended levels (0.304, 0.380, 0.456, 
and 0.532% in the final diets). Data were analyzed by ANOVA of SAS 
9.3 using the GLM procedure. The cost of feed was calculated based 
on the price of ingredients from an adjacent area at the starting time of 
the experiment. Carcass part values were calculated based on historical 
“Georgia Dock” information at the termination of the trial. Although 
the cost of the 80% Met level diet was the lowest at either Lys level, the 
amount necessary to produce 1 kg of live body (P < 0.0001) or carcass 
weight (P = 0.0013) cost the most. Similarly, the use of supplementary 
Met lowered the ratio of feed cost:cut-up part value. The lowest feed 
cost:cut-up part value ratios were observed when birds were fed 120% 
Lys and 120% Met from d 21 to 41 (P < 0.0001). In conclusion, although 
feed with higher amino acid levels is more expensive, the realized 
improvements in growth performance and meat yield in response to 
supplemental Lys and Met in the diets of male broilers from d 21 to 41 
made their use cost effective.

Key Words: broiler, feed cost, lysine, methionine, meat yield

133   Effects of dietary lysine and energy on the efficiency 
of lysine utilization in starter chicks. S. Gomez*1,2 and M. L. 
Angeles1, 1National Institute of Forestry, Agriculture and Livestock 
Research, Ajuchitlan, Queretaro, Mexico, 2Faculty of Higher Studies 
Cuautitlan-UNAM, Ajuchitlan, Queretaro, Mexico.

The objective of this study was to evaluate the true fecal digestibility of 
lysine (TFDLys) and the efficiency of Lys (ELys) use for protein depo-
sition in chicks from 3 to 12 d of age fed different levels of digestible 
Lys and ME. One hundred eighty Ross B308 chicks were allocated in 
groups of 5 per pen in a starter battery. Birds were randomly distrib-
uted in one of 9 treatments in a factorial arrangement of 3 diets (T1 = 
1.20% of Lys and 2950 kcal of ME/kg; T2 = 1.20% of Lys and 3050 
kcal of ME/kg; and T3 = 1.35% of Lys and 3050 kcal of ME/kg) and 
3 dietary energy densities (D100: the diet was fed as such; D90 and 
D80, the original diet was diluted with sand to get energy densities at 
90 and 80%, respectively). The last 3 d, total excreta were collected and 
in an additional group of chicks the endogenous excretion of Lys was 
determined. At the end, birds were killed to determine the protein and 
Lys content and retention. Chicks killed at the beginning were used to 
correct for initial protein and Lys content. Results were subjected to 
ANOVA. The daily Lys intake and excretion was similar among dietary 
treatments, but the TFDLys was lower (P < 0.01) in T3 (89.6) compared 
with T1 (92.5%) and T2 (91.8%). The body protein and Lys content 
were not different among dietary treatments, but the ELys was lowest 
(P < 0.01) in T3 (61.0%) intermediate in T2 (67.3%) and highest in T1 
(71.0%). In summary, chicks fed a diet with higher Lys and ME content 
(T3) had lower TFDLys and ELys for protein deposition compared with 
chicks fed a diet with lower Lys and energy content (T1); also chicks 
fed a diet with a lower Lys content but higher ME showed lower ELys 
for protein deposition.

Key Words: digestible lysine, metabolizable energy, efficiency of 
lysine utilization, chick

134   Feeding broiler diets formulated with varying crude 
protein restrictions with l-valine and l-isoleucine supplementa-
tion. D. J. A. Miranda*1, S. L. Vieira1, H. S. Cemin1, H. V. Rios1, and 
E. T. Nogueira2, 1Universidade Federal do Rio Grande do Sul, Porto 
Alegre, RS, Brazil, 2Ajinomoto Biolatina, São Paulo, SP, Brazil.

The objective of this study was to compare 4 corn-soy feeding programs 
(PRG) formulated with or without a minimum in crude protein (CP) and 
with or without supplementation of l-Val and l-Ile. A total of 4,800 one-
day-old Cobb 500 male broiler chicks was placed in 96 floor pens, 25 
birds each, 9.0 birds/m2. The study was replicated twice in time. From 
pre starter to finisher the feeding programs to 21d were: PRG 1, CP 
restricted to a minimum (22.4, 21.1, 19.8, 18.4% for each phase) with 
AA to Lys ratios only set for TSAA (0.72) and Thr (0.65); PRG 2, CP 
was not restricted while minimum ratios of AA to Lys were extended to 
Val (0.77) and Ile (0.67); PRG 3, as PRG 2 with l-Val added; PRG 4 as 
PRG 3 with l-Ile added; totaling 4 treatments with 48 replicates. From 
22 to 42d, each PRG was subdivided in 4 PRG having the same rational 
as it was done to 21d, where each of the 4 PRG began receiving all 4 
PRG for grower and finisher phases. Analysis of variance was conducted 
with 4 treatments to 21 d and as completely randomized design using 
a 4 × 4 factorial arrangement (4 PRG from 1 to 21 d and 4 PRG from 
22 to 42 d) with a total of 16 treatments and 12 replicates. Data were 
analyzed using the PROC MIXED procedure of SAS, considering the 
housing as a random effect. At 21 d, BWG was improved for PRG 2, 3 
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and 4, while FCR was better for PRG 2. No interactions between the PRG 
used 1 to 21 d and 22 to 42 d were observed on growth performance; 
however, PRG 2 led to the best FCR from 22 to 42 d and from 1 to 42 
d, but without statistical difference from PRG 3 and 4. Birds fed PGR 
1 from 1 to 42 d showed the lowest BWG and the highest FCR without 
statistical differences from PGR 2 and 3 and PGR 3 and 4, respectively. 
Feed intake was higher for PRG 4 but the BWG and FCR were similar 
compared with PGR 2 which showed the greater growth performance 
results. Supplementation with l-Val and l-Ile, in diets without maintain-
ing a minimum CP allowed growth performance similar to that of diets 
supplemented with the usually available AA synthetic sources of Met, 
Lys and Thr having a higher CP.

Key Words: amino acid, broiler, l-isoleucine, l-valine

135   Broiler responses to feeds formulated with minimum 
crude protein restrictions using supplemental l-valine and 
l-isoleucine. D. J. A. Miranda*1, S. L. Vieira1, R. F. A. Cruz1, H. V. 
Rios1, and E. T. Nogueira2, 1Universidade Federal do Rio Grande do 
Sul, Porto Alegre, RS, Brazil, 2Ajinomoto Biolatina, São Paulo, SP, 
Brazil.

The objective of this study was to compare 4 corn-soy feeding programs 
formulated with or without crude protein (CP) restrictions supplemented 
with or without l-Val and l-Ile, and using different digestible (dig) Lys 
levels. Diets were formulated using Brazilian industry standards for dig 
Lys or with a 5% increase. A total of 1,800 one-day-old slow feathering 
Cobb × Cobb 500 male broiler chicks was placed on 72 floor pens, 25 
birds per pen, 9 birds/m2. Feeding programs (PRG) were as follows: 
PRG 1: CP was restricted to a minimum (22.4, 21.1, 19.8, 18.4% for 
pre starter, starter, grower, and finisher phases, respectively) with AA 
to Lys ratios set only for TSAA (0.72) and Thr (0.65); PRG 2: CP was 
not restricted, whereas minimum ratios were also extended to Val (0.77) 
and Ile (0.67); PRG 3: restrictions were as in PRG 2 but with l-Val 
added; PRG 4: restrictions were as in PRG 3, but with l-Ile added. For 
each phase, feeds had formulated dig Lys as 1.324%, 1.217%, 1.095% 
and 1.006% or 5% higher. A completely randomized 4 × 2 factorial of 
4 PRG and 2 dig Lys was used. No interaction was found between PRG 
and dig Lys, with one exception for BWG and FCR from 36 to 43 d with 
birds fed PRG 2 demonstrating improvements in BWG and FCR when 
fed the 5% increasing in dig Lys. Cumulative BWG and FCR at 35 and 
43 d and in each individual feeding phases showed broilers from PRG 
2 having the best BWG and FCR; however, mean separations using 
Tukey showed no difference from birds fed PRG 3 and 4. Feeding a 
dietary program with 5% increase in dig Lys resulted in improvement 
in cumulative FCR at 43 d. Abdominal fat, as a percentage of the evis-
cerated carcass at 43 d, was highest for birds fed the PRG 1. Data from 
the current study demonstrate that the supplementation of broiler diets 
with synthetic sources of the first 5 limiting AA allowed performance 
results similar to those produced when CP is restricted to a minimum. 
Feasibility of supplementation with l-Val and l-Ile was demonstrated 
when ideal AA ratios were followed.

Key Words: amino acid, broiler, l-isoleucine, l-valine

136   Effect of digestible amino acid concentration on broiler 
breeder performance and feathering. J. T. Halley*, K. A. Walter, S. 
Cerrate, and B. I. Fancher, Aviagen Inc., Huntsville, AL.

An experiment was conducted to determine the effect of differing digest-
ible amino acid (DAA) concentrations on productive parameters and 
feathering of broiler breeders. Ross 708 pullets and Ross males were 
reared according to 2011 Ross body weight standard. At 22 weeks of age, 

birds were randomly assigned to pens in a curtain sided building with 3 
treatments replicated 12 times each (70 hens with 7 males per pen). The 
treatments were identical in nutrient content except for DAA. Treatment 
A was based on 2013 Aviagen Ross 708 nutrition specifications. Treat-
ment B was identical to treatment A except for a 10% increase in DAA. 
Treatment C was based on model estimated DAA requirements (Hurwitz 
and Bornstein, 1973). All diets were formulated to meet Ross 708 Parent 
Stock Nutrition Specifications for all nutrients except for changes in 
DAA levels. During the production phase all birds were fed to meet 
their estimated dietary energy needs. Beginning at 25 wk of age, hens 
were fed on an energy allocation schedule such that peak feed energy 
amounts were attained at 27 wk, 3 d (approximately 60% production). 
There were no significant treatment effects on egg production or mortal-
ity. Average egg weights for treatment C were significantly lower (P < 
0.05) when compared with treatments A and B, from 41 weeks until the 
end of the trial. Average hatch percentage of eggs from treatment C was 
significantly lower (P < 0.05) when compared with treatment B for wk 
57 to 59. Hens of treatment C exhibited poorer feathering from wk 41 
until the end of the trial. Results of this trial indicate how DAA levels 
can affect fertility, hatchability, egg weight, and feathering.

Key Words: broiler, breeder, feathering, amino acid

137   The response to meat ducks to dietary energy and protein. 
Q. F. Zeng*1, P. Cherry2, A. Doster3, R. Murdoch3, O. Adeola4, and 
T. J. Applegate4, 1Institute of Animal Nutrition, Sichuan Agricultural 
University, Chengdu, Sichuan, China, 2Lincoln, United Kingdom, 
3Maple Leaf Farms, Leesburg, IN, 4Animal Science Department, 
Purdue University, West Lafayette, IN.

A study was conducted to determine the influence of dietary energy and 
protein concentrations on growth performance and carcass traits of Pekin 
ducks from 15 to 35d of age. In experiment (Exp) 1, 15-d-old ducks were 
randomly assigned to 3 dietary ME (11.8, 12.8, and 13.8 MJ/kg) and 3 
CP concentrations (15, 17 and 19%) in a 3 × 3 factorial arrangement (6 
replicate pens; 66 ducks per pen). Carcass characteristics were evaluated 
on d 28, 32 and 35. In Exp 2, 15-d-old ducks were randomly allotted 
to the 9 dietary groups (6 replicate pens; 6 ducks/replicate). For Exp 2, 
diets from Exp 1 were remixed with 0.5% chromic oxide as a digest-
ibility marker. Excreta were collected from d 17 to 19, and ileal digesta 
was collected on 19d to determine AMEn and amino acid digestibility. 
In Exp 1, there were interactions (P < 0.05) between dietary ME and 
CP on BW gain and feed intake, wherein BW gain increased more to 
increasing dietary CP as dietary ME increased. However, feed intake 
was only influenced by dietary CP at 11.8 MJ of ME/kg and not 12.8 or 
13.8 MJ/kg. As dietary CP increased from 15 to 19%, breast meat yield 
increased by 10.8% whereas breast skin and fat decreased by 9.89% on 
d 35 (P < 0.0001). Conversely, increasing ME from 11.8 to 13.8 MJ/
kg increased dressing percent, breast skin and fat, but decreased breast 
meat yield on d 35 (P < 0.01). In Exp 2, the determined AMEn for diets 
formulated to contain 11.8, 12.8, or 13.8 MJ ME/kg were 11.66, 12.68, 
or 13.75 MJ/kg, respectively; determined standardized ileal digestible 
Lys were 0.95, 1.00, or 1.21% for diets formulated to contain 15, 17, or 
19% CP, respectively. These results provide a framework for subsequent 
modeling of amino acid and energy inputs and the corresponding outputs 
of growth performance and carcass components.

Key Words: carcass traits, crude protein level, duck, metabolizable 
energy level, nutrient utilization

138   Withdrawn
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139   Effect of expanded cottonseed meal on laying perfor-
mance, egg quality, concentrations of free gossypol in tissue, 
serum and egg of laying hens. C. Yuan*, H. H. Song, Q. He, and 
X. T. Zou, Feed Science Institute, Zhejiang University, Hangzhou, 
China.

Three hundred sixty Hy-Line brown hens at 40 wk of age were randomly 
allocated to 5 treatments, each of which included 4 replicates of 18 
hens. After an expanded process of cottonseed meal (CSM), free gos-
sypol (FG) content in CSM was decreased from 1.24 to 0.40 g/kg. The 
dietary treatments were corn-soybean meal based diets supplemented 
with 6% CSM and 6, 8, and 10% expanded cottonseed meal (ECSM). 
The experiment lasted 9 wk. Results were analyzed by general linear 
models using SPSS. Hens fed 8% ECSM had higher (P < 0.05) laying 
rate and average egg weight than those fed 6% CSM. ADFI increased as 
the levels of ECSM increased, and hens fed 10% ECSM had highest (P 
< 0.05) ADFI. Birds fed 6% CSM and 10% ECSM had lower (P < 0.05) 
albumen height and Haugh unit than those in other groups. Hens fed 
6% CSM diets produced egg yolk with severe (P < 0.05) discoloration. 
Concentrations of FG in yolk (0.200 mg/kg) and albumen (0.103 mg/
kg) and tissues (0.442 mg/kg, 0.385 mg/kg and 0.250 mg/kg in the liver, 
kidney, and muscle, respectively) of the 6% CSM group were greater 
(P < 0.05) than those in any ECSM treatments (0.068 mg/kg, 0.033 
mg/kg, 0.182 mg/kg, 0.160 mg/kg and 0.039 mg/kg in yolk, albumen, 
liver, kidney, and muscle of 6% ECSM group, respectively, 0.093 mg/
kg, 0.055 mg/kg, 0.258 mg/kg, 0.195 mg/kg and 0.089 mg/kg in yolk, 
albumen, liver, kidney, and muscle of 8% ECSM group, respectively, 
0.155 mg/kg, 0.075 mg/kg, 0.350 mg/kg, 0.297 mg/kg and 0.142 mg/
kg in yolk, albumen, liver, kidney, and muscle of 10% ECSM group, 
respectively). Hens fed 6% CSM and 10% ECSM had the highest (P < 
0.05) FG concentrations in the liver compared with those in the kidney 
and muscle, and higher (P < 0.05) FG residues in yolk than those in 
albumen. There was significant (P < 0.05) interaction between dietary 
levels of ECSM and different samples in concentrations of FG. In 
conclusion, FG in CSM can be reduced by 68% through an expanded 
process and ECSM can be available in laying hens at up to 10% of the 
total diet and an appropriate replacement of soybean meal with ECSM 
may improve performance in laying hens.

Key Words: egg quality, expanded cottonseed meal, gossypol, laying 
hen, laying performance

140   Effect of main cereal and mean particle size of the diet on 
the pattern of voluntary feed intake in brown egg laying hens. A. 
Pérez-Bonilla1, M. de Vega-Téllez2, B. Saldaña2, P. Guzmán2, and G. 
G. Mateos*2, 1Camar Agroalimentaria, S. L., Toledo, Spain, 2Depar-
tamento de Producción Animal, Universidad Politécnica de Madrid, 
Madrid, Spain.

An experiment was conducted to study the effect of main cereal and 
mean particle size (MPS) of the diet on particle size preference of 
48-wk-old hens. The experiment was completely randomized with 10 
treatments organized as a 2 × 5 factorial with 2 main cereals (barley 
vs. corn) and 5 particle sizes that resulted from grinding the cereal 
with a hammer-mill provided with a 4-, 6-, 8-, 10-, or 12-mm screen. 
Each treatment was replicated 5 times and the experimental unit was 
an enriched cage with 10 birds. Diets were fed to the hens from 0600 h 
(lights turned on) to 1400 h. Feed intake and MPS of the feed remaining 
in the feeder were measured per replicate at 2-h intervals. At the start 

of the experiment (0600 h), the MPS was higher for the barley than for 
the corn diets (1,369 vs. 1,168 um; P < 0.001). As expected, the MPS 
increased as the screen size of the mill increased from 4 to 12 mm (P 
< 0.001). The MPS of the diets decreased significantly with time (P < 
0.001), indicating that hens chose coarse particles when allowed to do 
so. The reduction in MPS observed was more pronounced for the first 
periods of the test than for the last periods controlled (P < 0.001 for the 
interaction). Also, the reduction in MPS with time was more pronounced 
in hens fed barley than in hens fed corn (P < 0.001 for the interaction). 
The uniformity of the feed particles, as measured by the geometric 
standard deviation (GSD) was lower in the feed formulated with barley 
tan in the feed formulated with corn (P < 0.001). However, the differ-
ences in feed uniformity between both types of diets were reduced with 
time (P < 0.001 for the interaction). We conclude that laying hens have 
a preference for large particle components of the diets. Consequently, 
when no extra feed is added to the feeder, feed texture change with time.

Key Words: barley, corn, hen performance, mean particle size, pat-
tern intake

141   Influence of glycerin and lecithin inclusion in the diet on 
productive performance of brown-egg laying hens from 23 to 
47 weeks of age. H. A. Mandalawi1, A. Pérez-Bonilla2, J. Garcia2, 
D. Menoyo1, and G. G. Mateos*1, 1Departamento de Producción 
Animal, Universidad Politécnica Madrid, Madrid, Spain, 2Camar 
Agroalimentaria S. L., Toledo, Spain.

In total, 480 Lohmann brown-egg laying hens were used to study the 
inclusion of raw glycerin (Gly), a by-product of the ethanol industry, 
and lecithin, a by-product of the biodiesel industry, on productive per-
formance and egg quality. There were 6 diets based on corn, soybean 
meal with 4% supplemental fat that 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 glycerol (0 and 7%) and 3 levels of lecithin 
(0, 2, and 4%). In these diets lecithin substituted same amount of animal 
fat. Each treatment was replicated 8 times and the experimental unit was 
a cage with 10 hens. Productive performance was recorded by replicate 
every 28-d and cumulatively from 23 to 47 wk of age. Egg quality was 
measured in 12 eggs per replicate, chosen at random from eggs produced 
the last 2 d (n = 6) of each of the 6 periods. The data were analyzed as a 
completely randomized design and main effects (glycerol and lecithin 
level) and the interactions were determined. Productive performance and 
egg quality traits were not affected by the inclusion of Gly in the diet 
except for FCR per kilogram of eggs and BW gain that were reduced 
when hens were fed the diets containing 7% Gly (P < 0.01). The sub-
stitution of animal fat by lecithin increased egg weight (59.6 vs. 61.3 
g) and egg mass production (56.6 vs. 58.8 g) and improved FCR per 
kilogram of eggs (2.076 vs. 2.024) (P < 0.01). However, feed intake, 
egg production, and BW gain were not affected. Also, yolk color was 
increased when lecithin was included in the diet. It is concluded that the 
inclusion in the diet of up to 4% lecithins as a replacement of animal fat 
improved egg production and egg quality whereas the inclusion glycerol 
at a level of 7% reduced feed efficiency and BW gain.

Key Words: glycerol, lecithin, productive performance
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142   Lysine requirement of Jing-Hong laying hen pullets from 
hatch to 8 weeks of age. S. G. Wu, J. Wang*, H. J. Zhang, H. Y. 
Yue, and G. H. Qi, Feed Research Institute of Chinese Academy of 
Agricultural Sciences, Beijing, China.

Pullet nutrition can affect laying hen health and performance to a great 
extent, in which, lysine (Lys) is important for pullets in earlier phase. A 
study was conducted to evaluate Lys requirement of Jing-Hong pullets 
during 0 to 4 wk and 5 to 8 wk on aspects of growth performance. Over 
1,200 day-old pullets were prepared for the trial, and the trial pullet 
selection was based on flock uniformity (FU, = 90%). Three hundred 
birds were randomly allotted to 1 of the 5 treatments, and each treatment 
consisted of 5 replicates with 5 pens each and 12 birds per pen. The 
Lys levels are 1.0, 1.1, 1.2, 1.3, and 1.4%. The experiment lasted 28 d 
(phase I). During this period, the other birds were fed a diet with 1.0% 
Lys, and from d 29, 300 birds were selected from the unused flock and 
arranged using the same method, with Lys levels of 0.8, 0.9, 1.1, 1.2, 
and 1.3%. The second experiment lasted 28 d (phase II). During phase 
I, the 1.2% Lys group showed higher ADG and final BW than the 1.0, 
1.3, and 1.4% Lys groups (P < 0.05), whereas the 1.0 and 1.4% groups 
showed better FU than the other 3 groups (P < 0.05). No differences were 
observed on ADFI and feed/gain ratio. The final BW was quadratically 
correlated with Lys level with the equation: y = −371.929x2 + 906.479x 
− 287.153 (R2 = 0.727). During phase II, the 0.9% Lys group showed 
higher ADG than 1.3% Lys group (P < 0.05) and the highest final BW 
than all the other groups (P < 0.05). The 0.8% Lys had higher ADFI than 
the 1.1 and 1.2% Lys groups (P < 0.05). The 1.3% Lys group lowered 
the FU compared with the 0.9 to 1.2% Lys groups (P < 0.05), in which 
the 0.9 and 1.1% Lys groups had the highest values. After hatch, we 
expect the pullets to grow strong soon in the early phase, and after that, 
a fine FU is important for the controlling of the age at first egg. Based 
on these considerations, the present results suggest that Lys levels at 
1.2% and 0.9% are optimum for pullets at the age of 0 to 4 wk and 5 
to 8 wk, respectively.

Key Words: Jing-Hong laying hen, pullet, lysine requirement, body 
weight, flock uniformity

143   Effect of nutrient density on performance, egg quality and 
profits in laying hens during 24 to 32 weeks of age. M. Afrouzi-
yeh* and A. Pourali, Department of Animal Science, Tabriz Branch, 
Islamic Azad University, Tabriz, Iran.

The concept of feeding economically optimal concentrations of nutrients 
based on diminishing returns functions is not new but has rarely been 
used in nutrition. The objective of this experiment was to determine 
the effect of increasing both dietary energy and other nutrients on per-
formance, egg quality, and profits in Hy-line W-36 laying hens during 
24 to 32 wk of age. Hy-line W-36 laying hens were randomly assigned 
into 6 treatments (4 replicates of 8 birds/replicate). Experimental diets 
with different energy levels (including 2.515, 2.615, 2.715, 2.815, 2.915, 
and 3.015 Mcal/kg) were fed to hens. Nutrient levels were kept in a 
constant ratio to energy level. The influence of dietary nutrient density 
on performance and egg quality were investigated. Data were fitted to 
quadratic equations by using Excel polynomial regression to express egg 
mass and feed consumption in terms of energy density. The optimization 
model and conventional linear programming was solved using the solver 
of Excel. Dietary energy concentration had a significant effect on feed 
conversion ratio and egg mass. Increases in energy and nutrient density 
improved egg mass and feed conversion ratio (P < 0.05). However, 
egg quality characteristics were not affected by energy concentration 
(P > 0.05). In the equation of laying hens’ feed consumption and egg 
mass response to energy density during 24 to 32 wk of age, the R2 were 

0.9971 and 0.9773, respectively. The sensitivity analysis for nonlinear 
programming showed that if the protein level of the diet was changed 
from 14.96 to 13.96%, the cost of the diet would decrease by $0.0272/
kg from $0.3547 to $0.3275/kg. Because egg prices and ingredient 
prices often change, there can be no fixed optimal nutrient density for 
optimal profits.

Key Words: egg, laying hen, nutrient, profit

144   Effects of graded levels of dietary gossypol on growth per-
formance, serum biochemical parameters and gossypol residue of 
15- to 35-day-old duck. Q. Zeng*1, P. Bai1, J. Wang1, X. Ding1, Y. 
Luo1, S. Bai1, X. Wu1, L. Zhao2, S. Lin2, and K. Zhang1, 1Institute of 
Animal Nutrition, Sichuan Agricultural University, ChengDu, SiCh-
uan, China, 2ChengDu Feed Measure Center, ChengDu, SiChuan, 
China.

The objective of this study was to determine the effects of dietary 
gossypol from cottonseed meal (CSM) on growth performance, serum 
biochemical profiles and gossypol residue in grower ducks. Fourteen-
day-old ducks were randomly allocated to 5 dietary treatments (10 
replicate pens; 18 ducks/replicate). The 5 experimental diets were for-
mulated to produce diets in which 0, 25, 50, 75, and 100% of proteins 
from soybean meal were replaced with that from CSM, and the corre-
sponding analyzed free gossypol concentration in 5 diets were 0, 36.4, 
75.2, 100.7, and 152.9 mg/kg, respectively. Daily BW gain and feed 
to gain ratio linearly decreased (P < 0.01) with the increase of dietary 
free gossypol during the whole experimental period. Serum alanine 
aminotransferase (ALT) activity and creatine content linearly increased 
(P < 0.05), and the ratio of aspartate aminotransferase to ALT linearly 
decreased (P < 0.05) with increasing level of dietary gossypol at 28 d 
of age. Serum total protein, albumin and globulin were decreased (P < 
0.05) and the ratio of albumin to globulin was increased (P < 0.01) in 
a linear manner by increasing level of CSM in the diets at 35 d of age. 
As gossypol concentrations of the diets increased, the concentrations of 
gossypol in liver, kidney, heart, leg and breast muscle increased linearly 
(P < 0.001), with the liver having the highest residue of gossypol fol-
lowed by kidney, breast muscle, heart, and leg muscle. These results 
suggested that duck at the age of 14 to 35 d should be fed diets with 
free gossypol concentration below 36.4 mg/kg.

Key Words: duck, growth performance, gossypol, gossypol residue, 
serum biochemical profile

145   Origin of the beans affects protein quality and nutritive 
value of commercial soybean meals. P. García-Rebollar, C. de Blas, 
R. Lázaro, L. Cámara, and G. G. Mateos*, Universidad Politécnica 
de Madrid, Madrid, Spain.

Soybean meal (SBM) is the main source of indispensable amino acids in 
poultry diets. Factors such as growing conditions of the beans, crushing 
plant, and length of storage of beans and meals affect nutrient content, 
amino acid profile, and protein quality variables. This research studied 
the differences in nutritive value of SBM from the 3 main countries that 
supply meals to the EU-28. Chemical composition of 497 batches of 
SBM and the correlations between analytical values and protein qual-
ity of 3 different origins: USA, (n = 186), Brazil (BRA; n = 152), and 
Argentina (ARG; n = 159) were studied. Samples were collected during 
a 7-yr period directly in the country of origin (66%) or at arrival of the 
vessel at European ports. On DM basis, meals from USA had more CP 
(53.5, 53.2, and 51.7%), sucrose (8.22, 6.44, and 7.61%) and stachyose 
(6.44, 5.23, and 5.61%) and less NDF (8.92, 11.9, and 10.3%) than SBM 
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from ARG and BRA (P < 0.001). Crude protein content was negatively 
related with sucrose (- 0.70, P < 0.001) for USA meals and with NDF 
(−0.64 and −0.43, P < 0.001) for ARG and BRA meals. Phosphorous 
content was higher for USA than for ARG and BRA (0.78, 0.75, and 
0.70% P < 0.001) and was positively related (0.60, 0.27, and 0.31, P < 
0.01) with CP content of the meals. Trypsin inhibitor activity (TIA, 3.49, 
2.81, and 2.93 mg/g), PDI (19.5, 16.3, and 5.3%), and KOH solubility 
(86.4, 81.5, and 82.6%) were higher (P < 0.001) for USA than for ARG 
or BRA meals. PDI and KOH were positively related (0.66 and 0.61, P 
< 0.001) with TIA. In addition, USA meals had more Lys (3.30, 3.22, 
3.15%), Met+Cys (1.54, 1.49, 1.49%), Thr (2.10, 2.06, 2.03%), and 
Trp (0.73, 0.71, 0.71%) than BRA and ARG meals (P < 0.001). Lys 
content (% CP) was negatively (0.49, P < 0.001), positively (0.30, P < 
0.001), or not related with CP content for USA, BRA, and ARG meals, 
respectively. It is concluded that the nutritive value of SBM varied 
widely among origins and that country of origin of the beans should 
be specified in feed tables for accurate nutritive evaluation and use in 
formulation of poultry diets.

Key Words: chemical composition, origin, protein quality, soybean 
meal

146   New low-fiber canola. Part 1: Chemical and nutritive 
composition of meals from yellow-seeded Brassica napus canola 
and canola-type Brassica juncea mustard. A. Rogiewicz*1, M. 
Radfar1, J. Jankowski2, D. Hickling3, and B. A. Slominski1, 1Uni-
versity of Manitoba, Winnipeg, MB, Canada, 2University of Warmia 
and Mazury, Olsztyn, Poland, 3Canola Council of Canada, Winnipeg, 
MB, Canada.

Brassica napus is the most commonly grown canola species in Canada. 
Selection for yellow seed coat color has been a priority in canola breed-
ing in an attempt to increase the oil content in the seed and to reduce 
the fiber content in the meal. The objective of the current study was to 
evaluate the chemical and nutritive composition of pre-press solvent 
extracted meals derived from newly developed low-fiber, yellow-seeded 
B. napus canola and canola-quality, yellow-seeded Brassica juncea 
mustard. The meal derived from conventional black-seeded B. napus 
canola served as a control. In comparison with the conventional meal, 
yellow-seeded B. napus and B. juncea meals contained (DM basis) 
more crude protein (43.4 and 47.2 vs. 41.1%), more sucrose (10.1 and 
8.0 vs. 6.6%), less neutral detergent fiber (19.0 and 18.5 vs. 25.2%), 
less acid detergent fiber (9.3 and 9.9 vs. 20.1%) and less total dietary 
fiber (29.8 and 28.9 vs. 35.0%), respectively. Lower fiber content was 
reflected in a lower content of lignin with associated polyphenols (3.1 
and 5.3 vs. 10.1%). B. napus yellow and B. juncea contained less fat 
(3.5 and 4.0 vs. 5.1% DM) and ash (7.3 and 8.0 vs. 8.5% DM) than the 
B. napus black, respectively. The highest content of all essential amino 
acids (except cysteine) was observed in B. juncea meal which was due 
to its higher protein content. The level of glucosinolates of all 3 canola 
meals was relatively low. The meals from yellow-seeded B. napus and 
B. juncea canola, however, still contained more glucosinolates that the 
conventional meal (14.6 and 12.5 vs. 7.9 μmol/g). In comparison to the 
conventional meal, superior quality characteristics (i.e., lower dietary 
fiber and increased CP and sucrose contents) of the meals derived from 
yellow-seeded canola would contribute to the improved nutritive value 
of canola meal.

Key Words: B. napus canola, B. juncea canola, chemical composi-
tion, dietary fiber

147   New low-fiber canola. Part 2: Nutritive value of Bras-
sica napus and Brassica juncea meals for broiler chickens and 
turkeys. M. Radfar*1, A. Rogiewicz1, D. Mikulski2, K. Kozlowski2, 
J. Jankowski2, Z. Zdunczyk3, R. Patterson4, and B. A. Slominski1, 
1University of Manitoba, Winnipeg, MB, Canada, 2University of 
Warmia and Mazury, Olsztyn, Poland, 3Institute of Animal Reproduc-
tion and Food Research, Olsztyn, Poland, 4Canadian Bio-Systems 
Inc., Calgary, AB, Canada.

Earlier research from this laboratory, as documented in the accompany-
ing Part 1 of this series, has demonstrated superior quality characteristics 
(i.e., increased protein and sucrose and reduced dietary fiber contents) 
of newly developed yellow-seeded Brassica napus canola and canola-
quality, yellow-seeded Brassica juncea mustard. As opposed to our 
earlier research, this is the first time that the respective meals were 
obtained from a large-scale, pre-press solvent extraction process. The 
objectives of this research were to determine amino acid digestibility 
and available energy contents to be further used in the validation growth 
performance studies with broiler chickens and turkeys. Standardized 
ileal total amino acid digestibility of B. napus yellow, B. juncea, and the 
conventional B. napus black canola as determined with broiler chickens 
(21 d of age) and turkeys (28 d of age) were, respectively, 82.5, 83.2, 
and 81.8% for broilers and 76.2, 76.4 and 78.0% for turkeys. Apparent 
metabolizable energy (AMEn) values for yellow B. napus, B. juncea, 
and the conventional black B. napus canola meal as determined with 
broiler chickens (14 to 19 d of age) and turkeys (35 to 40 d of age) 
were, respectively, 1,865, 2,092, and 1,902 kcal/kg of DM for broilers 
and 2,170, 2,276, and 2,088 kcal/kg of DM for turkeys, respectively. 
Enzyme (multicarbohydrase) supplementation resulted in AMEn values 
of 2,131, 2,264, and 1,851 kcal/kg of DM for broilers and 2,264, 2,267, 
and 2,196 kcal/kg of DM for turkeys, respectively. The nutritive value 
of canola meals was further validated in a growth performance study 
with turkeys from 1 to 56 d of age fed wheat/soybean meal-based diets 
containing 20% of canola meals. All diets were balanced for digestible 
amino acids and available energy contents. No significant differences 
(P > 0.05) in BWG and FCR were observed indicating that all types of 
canola meal could effectively replace SBM in turkey rations providing 
that the diets are formulated based on digestible amino acids and avail-
able energy contents.

Key Words: canola meal, nutritive value, broiler chicken, turkey, 
enzyme supplementation

148   Algae biomass increases apparent amino acid digestibility 
using a Cobb 500 broiler model. A. M. Evans*1, D. L. Smith2, and 
J. S. Moritz1, 1West Virginia University, Morgantown, WV, 2Eastern 
New Mexico University, Portales, NM.

Crude oil prices have dramatically increased in recent years, influenc-
ing the development of next generation alternative fuel sources. Algae 
biomass, a co-product from oil extraction for fuel, has potential as a 
feed ingredient. The objective of the current study was to determine 
apparent amino acid digestibility (AAAD) of 6 diet formulations 
containing incrementally increasing levels of algae biomass using 21d 
Cobb 500 broilers. A preliminary study was conducted to determine 
true metabolizable energy and true amino acid digestibility values of 
algae biomass using intact and cecectomized roosters. These values 
were used to formulate a practical broiler starter diet containing 21% 
algae biomass. A diet containing 0% algae biomass was also formu-
lated. Both diets were pelleted at 82°C, ground, and mixed at different 
ratios to create diets containing 6, 11, 16% algae biomass, as well as 
a diet containing 0% algae biomass with a green food coloring. Diets 
were randomly assigned to pens containing 10 broiler chicks and were 
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fed from d 1 to 21. On d 21, birds were euthanized and contents of the 
lower ileum were collected and analyzed for amino acid and titanium 
content. The 16% algae biomass diet demonstrated the highest level 
of digestible cysteine, whereas all other diets had lower values (P = 
0.0254). The 16% algae biomass diet demonstrated the highest level of 
digestible methionine and lysine, whereas diets containing 0 and 0% 
algae biomass with food coloring demonstrated the lowest levels, with 
all other diets being intermediate (P < 0.0001). The 16% algae biomass 
diet also demonstrated the highest digestible threonine level, whereas 
the 21% algae biomass diet demonstrated the lowest level, and all other 
diets were intermediate (P = 0.0085). Ileal digestibility supported true 
amino acid digestibility data and demonstrated value in practical diet 
formulations up to 16% inclusion.

Key Words: algae biomass, broiler, apparent amino acid digestibility, 
titanium oxide, diet formulation

149   Field observation: The trypsin inhibitor content in 
imported commercial shipments of yellow corn contaminated 
with raw soybeans may be a contributing factor in outbreaks of 
rapid feed passage in broiler chickens. N. Ruiz*1, J. Castillo2, J. F. 
Suárez3, L. Naranjo3, and F. de Belalcázar4, 1Nelson Ruiz Nutrition 
LLC, Suwanee, GA, 2Jorge B Castillo Consulting Inc., Cambridge, 
ON, Canada, 3Albateq, S.A., Funza, Cundinamarca, Colombia, 
4Nutrianálisis, Bogotá, Colombia.

The objective of this presentation is to illustrate with quantitative data 
the levels of trypsin inhibitors (TI) present in shipments of commercial 
yellow corn contaminated with whole and/or fractions of raw soybeans. 
A total of 134 samples collected from 134 trucks containing yellow corn 
from 44 shipments from Argentina, Brazil, Colombia, and the United 
States between September 2012 and February 2014 were analyzed for 
trypsin inhibitors. A 5-kg sample was collected per truck from multiple 
sampling points, ground, and homogenized using a Romer Series II 
Mill following a sampling protocol for analytes of uneven distribution 
(Whitaker et al., 2005); a subsample of 1 g was extracted for TI in an 
alkaline medium at 4°C following the ISO 14902 method. Forty-five 
percent of the samples tested below the detection limit of 0.20 mg of 
TI/g of corn, 20% had TI levels between 0.20 and 0.35 mg/g of corn, and 
35% showed levels higher than 0.35 mg of TI/g of corn. The difference 
between the groups was subjected to ANOVA and the differences were 
statistically significant (P < 0.001) using Tukey-Kramer. Given the fact 
that a correlation between TI in SBM and the occurrence of rapid feed 
passage outbreaks in broiler flocks fed commercial corn-soy diets has 
been reported [Poult. Sci. 2005; 84(Suppl. 1):70], we concluded that 
the contamination of yellow corn shipments with whole and/or fractions 
of raw soybeans is a factor to consider when investigating a rapid feed 
passage outbreak in the field.

Key Words: trypsin inhibitor, yellow corn, rapid feed passage, 
broiler

150   Effect of high-temperature ethanol fuel processing on the 
digestibility of wheat protein derived from various stages of etha-
nol production in broiler chickens. H. L. Classen*, D. Abbott, and 
M. Nickerson, University of Saskatchewan, Saskatoon, SK, Canada.

Research was completed to investigate the effect of phases of wheat 
ethanol production that apply high temperature on amino acid (AA) 
digestibility in broiler chickens. Wheat feedstock (WF) as well as 
samples collected post-liquefaction/cooking (PL), post-distillation (PDI; 
whole stillage) and post-drying (PDR; DDGS, distillers dried grains with 

solubles) were collected from a commercial ethanol production plant on 
3 separate occasions. Liquid samples were freeze-dried and then samples 
were analyzed for key nutritional characteristics. Samples were also used 
in an AA digestibility experiment using 18- to 21-d-old broilers (6 reps/
trt; 6 birds/rep). Data were analyzed as a 4 (stage of processing) × 3 
(date of sample collection) factorial arrangement using the Proc MIXED 
of SAS version 9.2 (SAS Institute, 2001). Differences were considered 
significant when P ≤ 0.05. Nonstarch components of the grain increased 
after fermentation; therefore, PDI and PDR samples were higher relative 
to those from WF and PL. The content of individual AA as a proportion 
of total AA varied in response to processing with some increasing with 
further processing, others remaining essentially unchanged, and some 
decreasing. Of relevance, the content of Arg, Lys, and Met decreased 
by approximately 20% in the DDGS sample compared with the original 
wheat. Extensive interactions were found between stage of processing 
and sampling date for AA digestibility, indicating variation in WF and/
or processing conditions. In general, liquefaction/cooking negatively 
affected the digestibility of Asp, Glu, Iso, Leu, Met, and Pro, increased 
digestibility of His and Phe, and had no effect on the remaining AA. 
Distillation reduced digestibility of all AA except Ala, Arg, and Iso 
compared with PL samples. Drying decreased digestibility with only 
Asp, Glu, and His not being affected compared with the PDI samples. 
All stages of heat application tested affected the content and digestibility 
of AA in a negative fashion, indicating the need to consider the level 
and control of heat application in wheat ethanol production.

Key Words: distillers grains with solubles, heat processing, amino 
acid

151   Use of a broiler chick preference model to evaluate pro-
cessing and nonessential amino acids to improve the palatability 
of vegetable proteins to replace fish meal. R. B. Agivale and T. 
A. Scott*, Department of Animal and Poultry Science, University of 
Saskatchewan, Saskatoon, SK, Canada.

A broiler chick preference model has determined significant aversion 
of diets with vegetable protein [VP; i.e., pea protein concentrate (PPC), 
canola meal (CM), or canola protein concentrate (CPC)]-based diets as 
compared with a fish meal (FM)-based diet. In 2 separate experiments, 
Ross 308 male broiler chicks were given a VP- and a FM-based diet 
from 0 to 14d. Feed intake was determined weekly and expressed as 
the ratio of FM to individual VP diets. Diets were isonitrogenous and 
isocaloric and contained either FM (5%), PPC (15%), CM (10%) or 
CPC (10%), replacing soybean meal and/or wheat. In experiment 1, 
each VP-based diet was fed without or with 1 of 3 nonessential amino 
acids (NEAA) at 0.5%; these were proline (Pro), hydroxyproline (Hyp), 
and taurine (Tau). Each diet combination was fed to 6 cages of 5 birds. 
Analysis was a completely randomized design of 3 VP (PPC, CM, and 
CPC) with (0% NEAA, 0.5% Pro, 0.5% Hyp, or 0.5% Tau); significance 
was P < 0.05 for both studies. When PPC was supplemented with Pro 
and Tau, there was a significant reduction in aversion to PPC, there 
was no effect of Hyp. Diets with CM or CPC were more preferred than 
PPC, and no response to NEAA was observed. In experiment 2, the 
VP sources (PPC and CPC, no CM) were either nonextruded (NE) or 
extruded (EX; 30 kg/h, 100°C, with 43 bar pressure, and dried at 100°C 
for 2.5 min). The completely randomized design included 2 VP sources 
(PPC and CPC) with or without extrusion for a total of 4 treatments, 
each fed to 4 cages of 12 birds. There was a tendency for an interaction 
(P = 0.10) between VP source and processing. This indicated that for 
PPC the preference for FM decreased from 14.9 when PPC was NE to 
1.4 with EX (P < 0.05); whereas for CPC the ratios were 1.6 NE and 
1.3 EX (P > 0.05). The aversion decreased during the second week, but 
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there was still a trend for improvements in palatability of VP with EX. 
The preference model for assessing palatability and preference for VP 
indicates it can be a useful tool for assessment of how processing and/
or additives may be improved.

Key Words: broiler, vegetable protein, preference, nonessential 
amino acid, extrusion

152   Effect of diet and fiber inclusion on growth performance 
and digestive tract development of broilers and pullets from 1 to 
21 d of age. M. V. Kimiaeitalab, S. Mirzaie Goudarzi, E. Jiménez-
Moreno, L. Cámara, and G. G. Mateos*, Departamento de Produc-
ción Animal, UP Madrid, Madrid, Spain.

An experiment was conducted to study the effect of diet (commercial 
broiler starter vs. commercial pullet starter) and inclusion (wt:wt) of 
insoluble fiber (0 and 3% sunflower hulls) in the diet on growth perfor-
mance and energy efficiency (g of BW/1,000 kcal of AMEn) of broil-
ers and pullets from 1 to 21 d of age. In total, 280 one-day-old female 
broilers (Cobb 500) and 280 pullets (Lohmann Brown) were used. There 
were 8 treatments arranged factorially (2 fiber levels × 2 type of diets × 2 
type of birds) with 7 replicates per treatment. The broiler diet contained 

3,000 kcal of AMEn/kg and 9.2% NDF, and the pullet diet 2,900 kcal 
of AMEn/kg and 11.0% NDF. As expected, growth performance at 7 
and 21 d of age was better for broilers than for pullets, and better for 
birds fed the broiler diet than for birds fed the pullet diet (P < 0.01). 
Fiber inclusion increased ADFI (P < 0.01) in broilers from 0 to 7 d of 
age but did not affect growth performance or energy efficiency at any 
age. The relative weight (RW, % of BW) of the full and empty gizzard 
were lower in broilers than in pullets at both ages (P < 0.001). At 7 and 
21 d of age the RW of the full and empty gizzard increased when fiber 
was included in the broiler diet but no differences were detected when 
fed the pullet diet (P < 0.01). Also, at 7 d of age the RW of the GIT, 
liver, and pancreas was higher in broilers than in pullets but opposite 
effects were observed at 21 d of age (P < 0.01). The relative length (cm/
kg empty BW) of the small intestine was lower at both ages in broilers 
than in pullets and lower in birds fed the broiler diet than in birds fed 
the pullet diet (P < 0.001). Feeding the broiler diet to pullets for the first 
21 d of life increased growth performance. Fiber inclusion increased 
ADFI and the RW of gizzard without showing any significant effect on 
ADG, FCR, or energy efficiency.

Key Words: broiler, digestive tract, fiber, growth performance, pullet
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153   Effect of dietary fiber sources on plasma lipid metabo-
lites and liver lipid components of broilers at 21 days of age. H. 
M. Safaa*1,2, E. Jiménez-Moreno1, M. Frikha1, and G. G. Mateos1, 
1Departamento de Producción Animal, Universidad Politécnica de 
Madrid, Madrid, Spain, 2Departament of Animal Production, Faculty 
of Agriculture, Cairo University, Giza, Egypt.

In total, 120 one-day-old female Ross 308 broilers were used to evaluate 
the effect of including oat hulls (OH), sugar beet pulp (SBP), and pea 
hulls (PH) at levels of 2.5, 5.0, and 7.5% in the diet on lipid metabolism 
of broilers from hatch to 21 d of age. The OH, SBP, and PH contained 
0.7, 11.6, and 5.1% soluble fiber and 70.6, 47.4, and 49.6% insoluble 
fiber, respectively. The control diet contained 3,265 kcal of AMEn/kg, 
22.1% CP, 1.3% digestible lysine, and 1.6% crude fiber (6.9% dietary 
fiber). The fiber sources were included in the experimental diets at the 
expense (wt/wt) of the control diet. Each treatment was replicated 6 
times (a cage with 2 chicks). At 21 d of age, one chick per replicate was 
slaughtered and plasma lipid metabolites and liver lipid components 
were determined. At 21 d of age, the inclusion of fiber in the diet tended 
to reduce total cholesterol (P = 0.06) and to increase HDL cholesterol 
(P = 0.06) in plasma and reduced lipid components of the liver includ-
ing total lipids, triglycerides, and total cholesterol (P < 0.05). Type of 
fiber did not affect total lipids, triglycerides, and LDL cholesterol in 
the plasma or the relative weight (% BW) of the liver. Plasma HDL, 
however, was higher in birds fed OH than in birds fed PH or the control 
diet with birds fed SBP being intermediate (P < 0.01). An increase in the 
level of fiber in the diet from 0 to 7.5% tended to decrease triglycerides 
in the liver from 7.37 to 6.00 mg/g across treatments (P = 0.08) but did 
not affect any of the other traits studied. It is concluded that the inclusion 
of fiber in the diet modified in different ways lipid metabolism in broilers 
at 21 d of age but that fiber sources differing widely in solubility and 
physico-chemical properties had little effect on these traits. An increase 
in the level of fiber reduced lipid components in the liver at this age.

Key Words: broiler, dietary fiber, liver lipid components, plasma 
lipid metabolites

154   Characterizing a novel muscle disorder in chickens 
through RNA-seq analysis. B. Abasht* and M. Mutryn, University 
of Delaware, Newark, DE.

Improvements in poultry production within the past 50 yr have led 
to increased muscle yield and growth rate in the industry, which may 
be contributing to an increased rate and development of new muscle 
disorders in chickens. Many types of muscle disorders such as deep 
pectoral myopathy, nutritional myopathy, and white striping, and muscle 
conditions such as dark, firm, dry (DFD) and pale, soft, exudative (PSE) 
meats have been researched in recent years. These muscle disorders and 
conditions are generally associated with poor meat quality traits and have 
a significant economic impact on the poultry industry. In this project we 
aim to understand the biological mechanisms that affect a novel muscle 
disorder colloquially referred to as “wooden breast,” through the use of 
RNA-sequencing technology. This phenotype is characterized by abnor-
mally hard or tough breast muscle. We first constructed uniquely indexed 
cDNA libraries from tissue samples harvested from 2 breeding lines and 
one commercial cross, containing 4 affected and 4 unaffected samples 
within each line/cross. After paired-end sequencing of samples using 
an Illumina HiSeq 2000, we used Tophat to align the resulting sequence 
reads (~100 million reads per sample) to the chicken reference genome 

(Ensembl Galgal4), and then used Cuffdiff to find significant changes 
in gene transcript expression between affected and unaffected samples. 
Our results indicate over 1,000 genes differentially expressed between 
affected and unaffected birds. Affected tissues exhibited markers of 
altered calcium and redox homeostasis that may be partially induced 
by hypoxia and or metabolic stress in breast muscle.

Key Words: broiler, muscle disorder, wooden breast, RNA-seq

155   Heat stress alters expression of orexin and orexin receptor 
gene in quail muscle cells. A. K. Akar*1,2, P. Ishola1, E. Greeme1, 
A. Piekarski1, K. Lassiter1, N. Anthony1, B.-W. Kong1, W. Bottje1, 
and S. Dridi1, 1Department of Poultry Science, Center of Excellence 
for Poultry Science, University of Arkansas, Fayetteville, AR, 2Iraqi 
Foundation of Technical Education, Kut Technical Institute, Wasit, 
Iraq.

Orexin is an orexigenic peptide that is known to be expressed mainly in 
mammalian brain, and plays a key role in the regulation of feed intake 
and energy expenditure. However, there remains a paucity of informa-
tion about its physiological roles and its regulation in birds. The aim 
of the present study was to determine the effect of heat stress on the 
expression of orexin and orexin receptors (ORXR1 and ORXR2) in 
quail muscle in vivo and in vitro studies. For in vivo studies, 6-wk-old 
male Japanese quail lines divergently selected for low stress (LS) or high 
stress (HS) response to restraint were used. Randomly selected quail 
from each group were exposed to heat stress (38°C for 2 h) or main-
tained at thermoneutral conditions (control, 25°C). After 2 h, quail (n = 
6 per line per temperature treatment) were humanly killed. Leg muscle 
was obtained and flash frozen in liquid nitrogen. Under thermoneutral 
conditions, orexin and ORXR1 mRNA abundances were higher (P < 
0.05) in the muscle of LS quails compared with their HS counterparts. 
Heat exposure downregulated muscle orexin gene expression and this 
effect was more pronounced in LS than the HS lines. To better under-
stand the mechanism by which heat stress alters orexin gene expression, 
a quail muscle cell line (QM7) was used. Similar to the in vivo data, 
heat stress downregulated orexin (mRNA and protein) expression and 
upregulated heat-shock protein 70 (HSP-70) in a time-dependent manner. 
Overexpression of HSP-70 significantly downregulated the expression 
of orexin and ORXR1 in QM7 cells. Together, our data showed for the 
first time that (1) orexin and its receptors are expressed in quail muscle, 
(2) expressions of orexin and ORXR1 are altered by heat stress, and (3) 
this effect is probably mediated via HSP-70.

Key Words: orexin, orexin receptors, heat stress, quail muscle, gene 
expression

156   Effects of orexin A and B on lipogenesis in Leghorn male 
hepatoma (LMH) cells. E. S. Green*, A. Piekarski, K. Lassiter, and 
W. G. Bottje, Department of Poultry Science, Center of Excellence 
for Poultry Science, University of Arkansas, Fayetteville, AR.

Orexins A and B are peptides originally discovered in the rat brain, 
and have been shown to regulate energy homeostasis including feed 
intake and energy expenditure. In chickens, however, orexins have been 
characterized in brain, testis and ovary and their physiological roles 
are not completely defined. As the liver is the main site for de novo 
fatty acid synthesis, the purpose of the present study was to examine 
orexin expression in a liver cell line (Leghorn male hepatoma, LHM) 
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to determine its potential role in lipogenesis. LMH cells at 80% conflu-
ence were serum-starved overnight, then treated with either recombinant 
human orexin-A (0, 10, 100 nM) or orexin-B (0, 10, 100 nM) for 24 h. 
The cells were then collected, RNA extracted, and analyzed by real-
time qPCR for lipogenic genes. The presence of endogenous orexin 
and its receptors (ORXR1 and ORXR2) was confirmed by PCR, real-
time PCR, Western blot, and immunofluorescence. The high dose (100 
nM) of orexin-B upregulated (P < 0.05) the expression of acetyl CoA 
carboxylase (ACCα) and fatty acid synthase (FAS) (the rate-limiting 
enzymes for the biosynthesis of fatty acids) genes; orexin-A had no 
effect on these genes at either dose. Both orexin A and orexin B (100 
nM) upregulated (P < 0.05) the expression of ATP citrate lyase and malic 
enzyme (ME). These changes were concomitant with upregulation (P 
< 0.05) of sterol regulatory element binding protein-1 (SREBP-1, the 
most important transcription factor regulating lipogenic genes) but 
not SREBP-2 or peroxisome proliferator-activated receptors (PPARα, 
PPARγ). Together, these data show for the first time that orexin and its 
receptors are expressed in avian liver cells and may regulate lipogenic 
gene expression, likely via SREBP-1.

Key Words: orexin, LMH, lipogenesis, protein and mRNA 
expression

157   Effect of different levels of 1,25 dihydroxycholecalciferol 
on preadipocyte cells isolated from broilers. R. Adhikari* and W. 
K. Kim, University of Georgia, Athens, GA.

Increased abdominal/muscular fat and fatty liver is a significant eco-
nomic issue in the poultry industry. The objective of this research was 
to study at the effect of different levels of 1,25 dihydroxycholecalciferol 
[1,25(OH)2D3] on primary preadipocytes isolated from young broilers. 
Preadipocytes were isolated from abdominal adipose tissue from 3 d old 
male broiler chicks by sterile dissection. Preadipocytes were collected 
by enzymatic digestion, filtration and centrifugation. The resulting pellet 
was cultured in 100 mm cell culture dish using Dulbecco’s modified 
Eagle’s medium (DMEM) containing 10% fetal bovine serum and then 
plated to 6 well plates. There were 4 treatment groups: (1) nontreated 
preadipocytes as control; (2) 300 μM of oleic acid (OA) for adipogenic 
differentiation; (3) OA with 1 nM 1,25(OH)2 D3; and (4) OA with 10 
nM 1,25(OH)2 D3. Cells were treated at confluency and observed in 
inverted microscope every 6 h for morphological changes. Cells were 
stained with Oil Red O to observe lipid accumulation in cells. Total area 
of Oil Red O stained cells were determined in each well. The noninduced 
cells (control) were negative for Oil Red O stain. OA treated cells were 
positive for Oil Red O stain, indicating accumulation of lipid in the 
cells. Cells treated with both levels of 1,25(OH)2 D3 induced higher 
proportion of Oil Red O stain compared with cells treated with OA 
alone. The study indicates that 1,25(OH) 2 D3 has a stimulatory effect on 
lipid accumulation and maturation of preadipocytes isolated from broiler 
fat tissues. Current results provide rationale for further study about the 
regulatory mechanism and signaling pathways of bioactive molecules 
on chicken preadipocytes which can help the poultry industry for lean 
meat production in broiler and reduction of abdominal fat deposition 
in breeders and layers.

Key Words: 1,25 (OH)2D3, adipogenesis, broiler preadipocyte

158   The mRNA expression of amino acid transporters, ami-
nopeptidase, and the di- and tri-peptide transporter Pept1 in the 
small intestine of post-hatch broiler chicks. K. B. Miska*1, R. H. 
Fetterer1, and E. A. Wong2, 1USDA/ARS, Beltsville, MD, 2Virginia 
Tech, Blacksburg, VA.

Amino acid transporter (AAT) proteins are responsible for the movement 
of amino acids (AA) in and out of cells. In the intestine, these proteins 
are present on the brush border and basal membranes of enterocytes, 
are essential for the uptake of AA into enterocytes and their release into 
circulation. Aminopeptidase (APN) is located at the brush border and 
cleaves AA from the N terminus of polypeptides, making them available 
for transport. The purpose of this study was to determine the level of 
transcription of these genes after hatch in 3 regions of the small intestine: 
duodenum, jejunum, and ileum. Four to 5 heritage broiler chicks were 
sampled at day of hatch and d 3, 5, 7, 10, 12, 14, 17, and 21 post-hatch. 
The expression of each gene was detected in all 3 regions with little 
difference in expression among them. The gene expressed the highest 
was APN while the lowest expressed gene was ATBo,+, a neutral and 
cationic AAT also associated with the brush border. The expression of 
brush border associated ATBo,+, excitatory amino acid transporter 3 
(EAAT3), oligopeptide transporter PepT1, and rBAT, the heavy chain 
associated with the bo,+AT transporter system, increased progressively 
over the 3-wk sampling period (P < 0.05), whereas the expression of 
neutral amino acid transporter BoAT, and cationic and zwitterionic 
amino acid transporter bo,+AT remained fairly constant. The expres-
sion of the 5 genes encoding AAT on the basolateral surface remained 
constant for the first 10 d of sampling, followed by a decrease at d 14 
(P < 0.05) and a subsequent increase at d 17 and 21. During embryo 
development the chick relies on a high fat diet provided by the yolk and 
is switched to a diet high in protein post-hatch. These data indicate that 
at hatch, broiler chicks express enzymes necessary to digest or transport 
protein; thus, post-hatch chicks are ready to utilize a high protein diet. 
Although a difference in the pattern of expression between basolateral 
and brush border AAT was evident, the significance of these patterns 
are currently unknown.

Key Words: amino acid transport, expression, broiler, qRT-PCR, 
post-hatch chick

159   Identification of vasotocin receptor (VTR) subtype-specific 
antagonists involved in an avian stress response using 3D molecu-
lar structural modeling/docking and primary anterior pituitary 
cell cultures. S. W. Kang*, S. Jayanthi, G. Nagarajan, T. K. S. 
Kumar, and W. J. Kuenzel, University of Arkansas, Fayetteville, AR.

The avian vasotocin receptor subtype 2 (VT2R) and subtype 4 (VT4R), 
homologous to mammalian V1b and V1a receptors, respectively, have 
recently been shown to play important roles in the neuroendocrine 
regulation of stress in chickens. Aim of this study was to find effec-
tive blockers of the VT2R and VT4R to further examine their roles 
in stress and to enable refined regulation of the avian stress response. 
Homology-based 3 dimensional structural models of VT2R and VT4R 
of the chicken were built using the SYBYL-X suite (www.tripos.com) 
and the modeled structure of VTRs were validated and evaluated by 
Procheck analysis. In silico screening for antagonists of VTRs using 
molecular docking analysis showed that SR-49059 and H-5350 (Man-
ning compound) were bound to VT4R and VT2R with higher affinity 
(ΔG: −8.11 and −9.16 kcal/mol), respectively. The natural ligand, 
arginine-vasotocin (AVT), showed a common binding interface with 
each antagonist on the VT2R and VT4R. Using chicken primary anterior 
pituitary cells, VTR subtype-specificity of the SR-49059 and H-5350 
was tested by measuring their antagonistic effects on the gene expres-
sion of the VTR. VT2R and VT4R mRNA expression were measured 
after pretreatment of SR-49059 or H-5350 (100 pM) followed by AVT/
CRH (1.0/0.1 nM) administration. SR-49059 antagonized the effect 
of AVT/CRH on VT4R gene expression but not that of VT2R gene 
expression (P < 0.05). H-5350 antagonized the effect of AVT/CRH on 
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VT2R gene expression, and was significantly different compared with 
SR-49059 (P < 0.05), which showed little effect on VT2R expression. 
Results indicate that SR-49059 and H-5350 are effective VT4R and 
VT2R antagonists, respectively. The present results may provide clues 
for the rational design of potential pharmaceutical compounds capable 
of blocking or attenuating the stress response of chicken. This study 
was supported in part by NSF grant #IOS-0842937, the NIH COBRE 
grant (P30 GM103450) and the Arkansas Biosciences Institute grant.

Key Words: stress, arginine vasotocin, V1a and V1b receptors, Man-
ning compound, SR-49059

160   Characterization of autophagy pathway in Jungle Fowl: 
Tissue distribution and sex effects. A. Piekarski*, K. Lassiter, L. 
Greene, N. Anthony, W. G. Bottje, and S. Dridi, Department of Poul-
try Science, Center of Excellence for Poultry Science, University of 
Arkansas, Fayetteville, AR.

Autophagy is a cellular self-digestion mechanism employed by cells to 
degrade dysfunctional or damaged organelles. This pathway is essential 
for maintaining cellular homeostasis and autophagy malfunction is 
associated with diverse diseases such as neurodegeneration, cancer, 
immunity, and metabolic syndrome. The genes involved in this pathway 
have been characterized in yeast and mammals, but there is a paucity 
of information in avian (non-mammalian) species. Therefore, the pres-
ent study was conducted to characterize gene expression that regulates 
autophagy initiation, elongation and maturation, and to determine their 
tissue distribution in male and female Jungle Fowl. Male and female 
Jungle Fowl were reared in floor pens under environmentally controlled 
conditions, and provided food and water ad libitum. Total RNA was 
extracted from tissues (liver, brain, leg and breast muscle, gizzard, 
intestine, heart, lung, kidney, adipose tissue, ovary, and testis), reverse 
transcribed and subjected to real-time quantitative PCR. The results 
indicate that autophagy-related genes were highly and ubiquitously 
expressed in all tissues in both male and female chickens. Interestingly, 
when tissues from the 2 sexes were plotted together, female chickens 
exhibited greater (P < 0.05) abundance of Beclin-1 mRNA in brain, heart, 
leg muscle and liver, Atg13 in liver and brain, Atg16L1 in heart, brain, 
leg muscle and liver, UVRAC in brain and liver, Ambra 1 in heart and 
lung and Atg9a in liver, breast muscle and brain compared with males. 
However, in male chickens, Atg13, Atg16L1, Ambra1 and Atg10 are 
significantly higher in kidney compared with females. Together our 
data showed that autophagy-related genes are ubiquitously expressed 
in chickens and their expression is tissue- and sex-dependent.

Key Words: chicken, autophagy, gene expression, tissue distribution, 
sex

161   A noninvasive method to predict bone mechanical proper-
ties of laying hens. K. D. Button, J. P. Steibel, D. M. Karcher*, and 
R. C. Haut, Michigan State University, East Lansing, MI.

Investigations have documented that conventional caging systems 
increase the risk of osteoporosis, resulting in chronic pain, acute injury, 
and bone fragility affecting laying hen welfare. Alternative housing 
systems are being considered that allow for increased weight bearing 
activity. Typically, in vitro tests are warranted to determine the stiffness 
and strength of bones under various housing conditions. The purpose of 
the current study was to introduce a non-invasive technique that could 
utilize micro-CT (CT) to predict the mechanical properties of poultry 
long bones. Three sets of 10 Lohmann White hens (5 for a training set 
and 5 for a test set) from different housing systems: conventional (CC), 

enriched colony (EN), and cage-free aviary (AV) were killed at 78 wk 
of age. The tibiae and humeri were cleaned of soft tissue and scanned 
on a micro-CT. The micro-CT scans provided measurements of bone 
geometry and density. Within 24 h of scanning, the bones were tested 
to measure their stiffness and yield moment. The full data set was split 
into testing and validation sets. The training set used micro-CT data to 
develop models based on engineering beam theory and used statistical 
models to relate bone modulus and yield stress to power functions of 
density. These models were validated on the test data set. Analyses were 
performed using homogenous and heterogeneous (bone specific) models. 
The predictive ability was equal or higher for the homogenous model. 
Analysis of the homogenous model data revealed a strong correlation 
between predicted and experimental data for both stiffness (R2 = 0.883) 
and yield moment (R2 = 0.948).The current study helped validate the use 
of a non-invasive statistical technique to predict the mechanical prop-
erties of laying hen tibiae and humeri from different housing systems. 
Application of this technique in the future may reduce the number of 
animals killed to obtain mechanical properties in vitro. Additionally, the 
ability to use an in vivo micro-CT for longitudinal studies will further 
reduce the number of animals in such studies.

Key Words: enriched colony housing, humerus, cage-free aviary, 
laying hen, modeling

162   Embryonic development, energy utilization, and heat pro-
duction of broiler and layer embryos. A. Nangsuay*1, R. Meijer-
hof2, I. van den Anker1, M. J. W. Heetkamp1, B. Kemp1, and H. van 
den Brand1, 1Adaptation Physiology Group, Wageningen University, 
Wageningen, the Netherlands, 2Poultry Performance Plus, Voorst, the 
Netherlands.

Different selection traits of broiler and layer strains result in physiologi-
cal differences that might be present during incubation. This study aims 
to investigate an influence of strain on egg composition, development, 
nutrient metabolism, and heat production (HP) of the embryos. Hatching 
eggs with an egg weight range of 62.0 to 64.0 g of Lohmann Brown lite 
and Ross 308 at 41 or 42 wk were selected in 2 batches of 120 eggs per 
strain. For each batch, 30 eggs of each strain were used for egg com-
position determination and 90 eggs were separately incubated in 1 of 2 
climate respiration chambers with an eggshell temperature (EST) of 37.8 
°C. Oxygen and carbon dioxide concentrations were measured in both 
chambers and in fresh air and the data was used for respiratory quotient 
(RQ) and heat production (HP) calculation. Embryonic development was 
determined at D16 and at 6 h post hatch. Gross energy determination was 
performed for albumen, yolk, residual yolk (RSY), and yolk free body 
(YFBM). Results showed that broiler eggs had a higher ratio of yolk: 
albumen with 2.41 g more yolk and 1.48 g less albumen than layers. 
Yolk energy content of broiler eggs was 42.86 kJ higher than that of 
layer eggs, whereas albumen energy content did not differ. As a result, 
energy in albumen + yolk of broiler eggs was 45.26 kJ higher than that of 
layer eggs. YFBM at D16 and at hatch, chick weight and chick length of 
broiler was higher than that of layer. RQ of broiler embryos was higher 
than layer embryos during D8 to D10. A slightly higher RSY weight of 
broiler embryos than layer embryos at D16 (0.8 g) and at hatch (0.2 g) 
indicated more yolk used, which resulted in more energy utilization and 
energy deposited into YFBM. Embryonic HP of broiler embryos was 
higher than that of layer from D12 to D18, but efficiency of converting 
energy used by embryos to YFBM was similar. In conclusion, broiler 
and layer embryos have different growth trajectory, which affect energy 
utilization and embryonic HP during incubation.

Key Words: broiler, layer, embryo development, energy utilization, 
heat production
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163   Proteomic characterization of chicken egg shell mem-
branes. N. Rath*1, R. Liyanage2, S. Makkar1,2, L. Kannan1,2, B. 
Packialakshmi1,2, and J. Lay Jr.1,2, 1PPPSRU/USDA/ARS, Fayette-
ville, AR, 2University of Arkansas, Fayetteville, AR.

The egg shells constitute a major byproduct of poultry industry with 
potential for different agricultural, biomedical, and engineering appli-
cations. There are 2 proteinaceous membranes underlying the outer 
calcareous shell, which enclose the egg white. To characterize the 
protein components of the eggshell membranes that may predicate their 
utility potential and provide insight into their functions, we harvested 
membranes from fresh unfertilized white and brown eggs separately 
for proteomic analysis. The membranes were washed thoroughly then 
extracted with (1) 70% acidified methanol to identify peptides, and 
(2) a chaotropic buffer to identify soluble proteins. The extracts were 
characterized by 2 mass spectrometry methods, direct MALDI-TOF and 
LC-MS/MS. The methanol extract was subjected to direct MALDI-TOF-
MS screening for preliminary identification of peptide peaks followed by 
MALDI peptide mass finger printing of their HPLC purified fractions. 
In the second approach the protein extracts were first digested with 
trypsin and then subjected to LC-MS/MS for identification of proteins. 
Both direct MALDI-TOF-MS and LC-MS/MS data were processed by 
Bruker data analysis software and searched against NCBI gallus protein 
database using Proteinscape software. Direct MALDI analysis showed 
the presence of 2 forms of ovodefensins (gallin), lysozyme, and several 
clusterin peptides in the methanol extract, and the LC-MS/MS identified 
more than 200 proteins. The brown and white egg membranes showed 
differences with respect to their ovodefensin isoforms. Functional 
annotation using gene ontology (GO) showed most proteins belonging 
to antimicrobial, protease inhibitor, transport associated, cytoskeletal, 
and motor function-associated protein categories. Based on the pre-
dominance of proteins in the extract, we conclude that egg membrane 
matrix proteins provide physical resilience, chemical protection, and 
possibly act as molecular anchor. Egg membrane products may be useful 
as nutritional supplements and parenteral drug delivery applications.

Key Words: eggshell, proteomics, mass spectrometry

164   Using ultrasound technique to predict the follicular 
growth rate in chicken. C. Lessard*1,2, G. B. Hall1,2, C. D. Auck-
land2, and G. P. Adams1, 1Western College of Veterinary Medicine, 
University of Saskatchewan, Saskatoon, SK, Canada, 2Agriculture 
and Agri-Food Canada, Saskatoon, SK, Canada.

Predicting the follicular growth rate in chickens could provide rapid 
information on the effects of nutritional or environmental protocols on 
egg production. Ultrasound techniques have already demonstrated that 
the number of follicles produced by a hen can be accurately captured. The 
objective of this study was to evaluate the growth of follicles over a 24-h 
period. Four Barred Plymouth Rock hens were scanned with MyLab30 
Gold and 9–5 MHz curved-array probe every 2 h for the first 10 h and 
at 24 h. Ultrasound examination was performed in B-mode and several 
scans were done to capture the entire region of the ovary. Diameter of 
every follicle was evaluated at the optimum size with MyLAB30vet 
(ver 9.13). ANOVA was performed with R program (version 3.0.2) 
and data were statistically different at P < 0.05. On average, 5 follicles 
per ovary (varying from 5 to 35 mm) were visualized during the 24-h 
period. Repeated measures on hens did not induce a sudden regression 
of any major follicles. Follicles of categories F1 and F2 were not sta-
tistically different in size over 24 h of scanning (P > 0.05). Ovulation 
was observed on one hen. Follicles of categories F3, F4, and F5 grew 
or regressed significantly over the 24-h period (P < 0.05). At the end 
of the scanning period, birds were humanly euthanized and the ovaries 

were retrieved to compare the number and the size of the follicles with 
the last scan. Only 2 out of a total of 18 follicles (7 and 9 mm) were not 
detected at 24 h. Small differences in the size of follicles were noted, 
but the measurements were in the same range. In summary, ultrasound 
technique can be an efficient tool to follow the folliculogenesis and 
establish the efficiency of egg production in chickens.

Key Words: ultrasound, folliculogenesis, growth, egg production, 
ovulation

165   Effects of poly I:C, flagellin, and CpG-ODN on the expres-
sion of avian β-defensins and proinflammatory cytokines in the 
uterus of laying hens. A. M. Abdel-Mageed1,2, N. Isobe1, and Y. 
Yoshimura*1, 1Hiroshima University, Higashi-Hiroshima, Japan, 
2Minia University, Minia, Egypt.

The innate immune defense of the oviduct against infections plays an 
important for the production of healthy chicks and hygienic eggs. The 
aim of this study was to examine the effects of poly I:C (viral dsRNA), 
flagellin (flagellum of bacteria) and CpG-ODN (microbial genome) 
which are ligands of toll-like receptors (TLR3, 5 and 21), on the expres-
sion of avian β-defensins (AvBD-10 and AvBD-12), and proinflammatory 
cytokines (IL-1β and IL6) and to determine the role of these cytokines 
in the induction of AvBD-10 and AvBD-12 in the uterus of laying hens. 
Snaps from the mucosal tissues of the uterus were collected from White 
Leghorn laying hens and cultured in TCM 199 culture media under 5% 
CO2 at 37°C. Cultured tissues were stimulated with or without poly I:C 
(1 to 100 µg/mL), flagellin (1 to 100 ng/mL), CpG-ODN (0.1 to 10 µg/
mL), and recombinant chicken IL-1β and IL6 (10 to 1,000 ng/mL). Total 
RNA was extracted after 1.5 h or 3 h of stimulation. The expression 
of IL-1β, IL6, and AvBD-10 and AvBD-12 was examined by real time 
PCR. The expression of IL-1β and IL6 was significantly increased by 
stimulation with poly I:C and CpG-ODN in a dose and time dependent 
manner. Flagellin increased the expression of IL-1β at 1 ng/mL (P < 
0.05), but not at higher concentration; it increased IL6 at 3 h incubation 
at a concentration of 100 ng/mL (P < 0.05). The expression of AvBD-10 
and AvBD-12 did not change with any of the above mentioned ligands. 
However, their expression was significantly increased by IL-1β or IL6 
stimulation in a dose and time dependent manner. These results sug-
gested that stimulation of the uterus mucosa with poly I:C, flagellin, and 
CpG-ODN increases the expression of IL-1β and IL6 but not AvBD-10 or 
AvBD-12, whereas AvBD-10 and AvBD-12 expression was upregulated 
by IL-1β and IL6. The synthesized cytokines and AvBD may play roles 
in the defense against viral and bacterial infection.

Key Words: TLR ligand, proinflammatory cytokine, AvBD, oviduct, 
laying hen

166   Changes in sperm characteristics associated with changes 
in the biochemical composition of rooster semen. M. M. Ahmed*2, 
E. A. El-Gendy1, S. M. El-Tantawy1, and S. A. Mohamed2, 1Cairo 
University, Giza, Egypt, 2National Research Center, Dikki, Giza, 
Egypt.

An experiment was carried out to study the quantitative changes in sperm 
characteristics in response to the changes in the biochemical composi-
tion of rooster semen. Seven treatments were applied to the semen of 2 
strains of chickens. Treatment 1 (T1) was the untreated control. Treat-
ment 2 (T2) was the semen incubated with a long sequence (2,768 bp) 
plasmid. Treatment 3 (T3) was the semen incubated with the plasmid 
and lipofectin (5%). Treatment 4 (T4) was the semen incubated with the 
plasmid and lipofectin (2.5%). Treatment 5 (T5) was the semen incu-



57Poult. Sci. 93(E-Suppl. 1)

bated with the plasmid, lipofectin (5%), and the semen diluent BPSE. 
Treatment 6 (T6) was the semen incubated with the plasmid, lipofectin 
(2.5%) and the semen diluent BPSE. Treatment 7 (T7) was the semen 
incubated with the plasmid and the semen diluent BPSE. The data set was 
statistically analyzed for the effects of treatment, strain and treatment-
by-strain interaction on sperm motility, percentages of live, dead and 
abnormally-shaped sperm, fertility and hatchability. The effects of strain 
and treatment-by-strain interaction on any of the sperm characteristics 
were not significant, whereas the treatment effects on all traits were 
significant. Sperm motility significantly (P < 0.0001) influenced by the 
treatment, and the highest motility was in the control semen (T1) and 
averaged 92.42% and the lowest was in T5 and averaged 52.08%. The 
effect of treatment on the percentage of live sperm was significant (P < 
0.001), where the percentage of live sperm was 84.83% in T1 and was 
59.08% in T6. The percentages of dead and abnormally shaped sperm 
were 7.75 and 7.42% in T1 and significantly (P < 0.0001) increased by 
different treatments and reached to 26.88 and 17.13% in T6. Fertility 
and hatchability also significantly differed (P < 0.05) among different 
treatments. Fertility averaged 88.22% in the eggs of hens inseminated 
with nontreated control semen (T1), and 42.14% in T2, 58.98% in T5 
and 38.92% in T7. Hatchability averaged 83.34% in T1, 43.73 in T3 and 
38.97% in T5. The results indicated that particles with high molecular 
weights lower the sperm fertilizing capacity.

Key Words: fertility, hatchability, rooster spermatozoa, sperm 
characteristics

167   Growth analysis of internal organs on Jing-Hong laying 
hens. D. Song1,2, S. G. Wu*1, H. Y. Yue1, X. L. Chen1,2, L. B. Li1,2, 
G. H. Qi1, and Y. P. Gao2, 1Feed Research Institute of Chinese Acad-
emy of Agricultural Sciences, Beijing, China, 2College of Animal Sci-
ence and Technology, Northwest A&F University, Yangling, Shaanxi, 
China.

The aim of this study was to find the growth and development rules 
of internal organs of Jing-Hong laying hens. A total of 200 day-old 

Jing-Hong pullets were randomly divided into 5 groups, each with 40 
birds. The pullets were reared under the same conditions with the same 
diet made according to the NRC (1994) recommendations and local 
standards. Two pullets were randomly selected from each group weekly 
for organ sampling and the weights of the internal organs were tested. 
Three types of nonlinear models (Logistic, Gompertz, and Bertalanffy) 
were used to fit the growth curve of internal organs of Jing-Hong laying 
hens from 1-d-old to 17 weeks of age. The best fitting model and the 
rule of the growth and development of the internal organs was obtained. 
Results showed that (1) according to the differentiation growth rate and 
Radar map, the small intestine developed first and the ovary was last; 
(2) the best model fitting the spleen, bursa of fabricius and lung was the 
Gompertz model, whereas the Bertalanffy model was the best model 
for the thymus, liver, pancreas, intestine, heart, and kidney; and (3) the 
internal organs developed in the sequence of small intestine, thymus, 
and bursa of fabricius, heart, kidney, pancreas, liver, spleen, and then 
lungs. The internal systems developed in the sequence of the digestive 
system, immune system, circulatory system, urinary system, respiratory 
system, and then reproductive system. The observations of the current 
research indicate that, after hatch, pullets give the first priority to a better 
digestion of exogenous nutrient, which is the basis for the growth of 
other systems. Whereas reproductive organs develop rapidly only after 
sexual maturity, so they might be affected largely by the growth of the 
digestive tract. Thus, a reasonable arrangement of pullet nutrition is of 
great importance for layers to fully reach their potential.

Key Words: Jing-Hong laying hen, internal organ, growth and devel-
opment, nonlinear model
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168   Microbial communities present in the lower respiratory 
tract of clinically healthy birds in Pakistan. M. Z. Shabbir*1, J. 
Park3, T. Malys3, Y. Ivanov3, M. Rabbani2, T. Yaqub1, and E. T. Har-
vill3, 1Quality Operations Laboratory, University of Veterinary and 
Animal Sciences, Lahore, Punjab, Pakistan, 2University Diagnostic 
Laboratory, University of Veterinary and Animal Sciences, Lahore, 
Punjab, Pakistan, 3Department of Veterinary and Biomedical Sci-
ences, Pennsylvania State University, State College, PA.

Commercial poultry is an important agricultural industry worldwide. 
Although dense living conditions and large flocks increase meat and 
egg production, they also increase the risk of disease outbreaks and 
zoonoses in different geographical areas. Current pathogen identification 
methods mostly rely on culture-dependent techniques and therefore are 
limited to a very small number of bacteria present in the environment. 
Next-generation sequencing (NGS) allows for culture-independent 
characterization of lower respiratory microbiome of birds and represents 
the first step toward culture-independent pathogen identification. In 
this study, we collected tracheo-bronchoalveolar lavage (T-BAL) of 14 
birds raised at 3 different farms in the Punjab province of Pakistan. To 
characterize lower respiratory microbiomes of these birds, we sequenced 
V1-V5 hyper-variable regions of16S ribosomal subunit. Though domi-
nated by bacteria belonging to a small number of taxonomic classifica-
tions, the lower respiratory microbiome from each farm was far more 
diverse and novel than previously known. We also noted the presence 
of known pathogens. The differences in microbiome among farms were 
characterized. The data suggest that different farms affect microbiome 
of birds more than other factors such as: breed, geographic location, or 
management system. This study explores lower respiratory microbiome 
of poultry birds and gives new insights into (1) culture-independent iden-
tification of novel pathogens, (2) characterization of lower respiratory 
microbiome in healthy birds, and (iii) a more detailed understanding of 
an important reservoir of pathogen of public health concerns.

Key Words: microbiome, novel organism, lower respiratory tract, 
culture independent, poultry

169   Evaluation of the effect of alternative light technology on 
growth and stress of male broiler chickens. A. G. Rogers, E. M. 
Pritchett, E. R. Benson*, R. L. Alphin, D. P. Hougentogler, and C. J. 
Schmidt, University of Delaware, Newark, DE.

The effect of light-emitting diode (LED), cold cathode fluorescent 
(CCFL), and incandescent lamps on broiler performance and stress was 
evaluated using 672 male Ross 708 broilers raised to 42 d of age in 8 
light-tight modified large colony houses. The broilers were raised with 
identical intermittent lighting programs, using 4 unique types of lamps. 
One CCFL, and 2 different LED lamps were tested with incandescent 
lamps serving as the control. Each technology was tested in duplicate 
for each of the 4 trials (8 replications total per technology) during a 12 
mo period to account for seasonal variance. Live performance for each 
technology was evaluated using live broiler body weight, feed conver-
sion, and mortality. Broiler stress levels were also evaluated using 
heterophil to lymphocyte ratios (H:L). Birds were removed from each 
house at d 7, 14, 35, and 42 to be humanely euthanized and weighed. 
Left breast, heart, liver, and duodenum were harvested for allometric 
analysis. CCFL lamp body weights (2,871 ± 53 g) at 42 d were signifi-
cantly lower than incandescent lamp body weights (3,000 ± 33 g; P = 
0.03), and lower than LED A (2,966 ± 3 7g; P = 0.12) and LED B lamps 
(2,986 ± 46 g; P = 0.06). Similar trends were seen with breast muscle. 

No significant difference was found in feed conversion but CCFL (1.84 
± 0.04) and LED A (1.86 ± 0.02) were higher than incandescent (1.80 
± 0.04), and LED B (1.80 ± 0.02). No significant differences were seen 
in mortality or organ weights. Broilers raised under CCFL and LED A 
technologies exhibited significantly higher H:L ratios than incandescent 
and LED B. It is unclear why these technologies performed differently, 
but explaining the difference is critical if these technologies are to be 
fully implemented.

Key Words: broiler, light, growth, stress

170   Evaluation of light-emitting diode, cold cathode, and 
incandescent lighting under commercial broiler conditions. E. 
R. Benson*1, W. Brown1, R. L. Alphin1, D. P. Hougentogler1, A. G. 
Rogers1, and D. C. Kuhns2, 1University of Delaware, Newark, DE, 
2Delmarva Community Wellnet, Lewes, DE.

The objective of this project was to evaluate the use of light emitting 
diode (LED), cold cathode fluorescent (CCFL), and incandescent lamps 
under commercial broiler production conditions. A commercial poultry 
farm located in Delaware was selected for use in the study. House man-
agement followed typical integrator guidelines. Each house (18.7 × 152.3 
m), was treated independently for live haul management including feed 
deliveries, electrical consumption, and processing. New commercially 
available, off the shelf, non-agriculture specific lamps were installed in 
one grower owned commercial broiler houses at the beginning of the 
project. Lamps were rotated between houses between flocks to control 
for house effects. For all 6 flocks monitored, alternative lighting technol-
ogies were more energy efficient than incandescent lamps. LED lamps 
were more efficient (μ = 94 kW, σ = 16 kW) than either incandescent 
(μ = 1997 kW, σ = 198 kW) or CCFL (μ = 238 kW, σ = 20 kW) lamps. 
The difference in electrical consumption between technologies were 
significant (P = 4 × 10−9). Incandescent lamps consistently provided 
better performance than either lamp type, with incandescent lamps 
resulting in greater average weight moved (μ = 111,017 kg, σ = 5,243 
kg) than CCFL (μ = 108,802 kg, σ = 6,553 kg) and LED (μ = 108,356 
kg, σ = 7,174 kg). The differences were practically significant, but not 
statistically significant. Bird weight was a factor, with incandescent (μ 
= 2.90 kg, σ = 0.09 kg) greater than CCFL (μ = 2.85 kg, σ = 0.11 kg) or 
LED (μ = 2.84 kg, σ = 0.13 kg). The differences were not statistically 
significant. The results from this project contradict results from other 
research regarding the suitability of LED lamps for poultry and this may 
be due to the specific lamps used. For the lamps tested, the improved 
energy consumption did not economically counterbalance the loss in 
productivity from the alternative technology lamps.

Key Words: poultry, broiler, lighting, CCFL, LED

171   The effect of day length and sex on turkey productivity. C. 
Vermette*, K. Schwean-Lardner, S. Gomis, T. G. Crowe, and H. L. 
Classen, University of Saskatchewan, Saskatoon, SK, Canada.

The effect of graded levels of day length on productivity of hens and 
toms was studied in 2 experiments. Day length treatments (trts) were 
14 (14L), 17 (17L), 20 (20L), and 23 (23L) h and were started at 10 
d of age. Turkeys (720 hens and 480 toms) were randomly allocated 
to 8 rooms (2 rooms per lighting treatment) with 6 pens (3 hen and 3 
tom) per room in each experiment. Body weight (BW) was assessed 
on d 10 and at 3, 6, 9, and 12 wk of age; feed consumption (FC) was 
measured for comparable time periods and feed efficiency (G:F; g of 
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gain/g of feed) calculated from BW and FC values. Birds were checked 
daily for mortality and culls, and affected birds sent for necropsy. Data 
were analyzed for light trt, sex, and interaction effects using SAS 9.3 
and a randomized complete block split plot design with experiments 
as blocks, lighting treatment as the main plot factor, and sex as the 
subplot factor. Regression analysis was used to study the relationship 
between dependent variables and day length. Significance was declared 
at P ≤ 0.05. Body weight increased in a linear fashion with increasing 
day length at 3 and 6 wk of age and these differences coincided with a 
similar effect on feed intake from 10 d to 3 wk and from 3 to 6 wk of 
age. Feed efficiency (G:F) increased linearly with day length from 10 d 
to 3 wks. Body weight was not affected by lighting trt at 9 wk of age. At 
12 wk of age, an interaction between day length and sex demonstrated 
that toms given 14L, 17L and 20L trts were heavier than those given 
23L, but that hen weights were unaffected. Overall, FC and G:F (10 d 
to 12 wk) were not affected by day length. Mortality and culling were 
not affected by day length with values for 10 d to 12 wk of 6.8, 6.9, 6.8 
and 10.0% for the 14L, 17L, 20L and 23L trts, respectively. Toms grew 
more quickly and efficiently than hens and also had a higher incidence 
of mortality and culls. In conclusion, toms grew faster to 12 wk of age 
when provided with more than 1 h of darkness.

Key Words: photoperiod, scotoperiod, light, tom, hen

172   The effect of graded day length on 12-week turkey meat 
yield and tissue weights. J. Fournier*, K. Schwean-Lardner, C. 
Vermette, S. Gomis, T. G. Crowe, and H. L. Classen, University of 
Saskatchewan, Saskatoon, SK, Canada.

Meat yield is an important aspect of turkey production and a systematic 
assessment of the effect of day length on this trait is lacking. Therefore, 
the primary objective of this research was to study the effect of 14 (14L), 
17 (17L), 20 (20L) and 23 (23L) h of day length on the meat yield of 
Nicholas 85 × 700 turkeys raised to 12 wk of age. A second objective 
was to study the effect of day length on the size of the digestive tract 
and other major organs. Two identical experiments were completed with 
day length tested in 2 rooms in each experiment, resulting in a total of 4 
replications per treatment. The rooms each contained 6 pens, 3 with 20 
toms and 3 with 30 hens. At 12 wk, 3 randomly selected birds from each 
pen were slaughtered, eviscerated, and packed in ice until meat yield 
determination the following day; tissues were collected and weighed 
at the time of evisceration. Data were analyzed using SAS 9.3 based 
on a randomized complete block split-plot design with experiments 
blocked, lighting treatment as a main plot factor and sex as a subplot 
factor. Regression analysis established relationships between response 
criteria and day length. Means were considered different when P ≤ 0.05. 
Meat yield and tissue data are expressed as a percentage of the live body 
weight and bracketed values are the means for 14L, 17L, 20L, and 23L, 
respectively. Breast (21.59, 21.95, 22.59, 22.43%) and thigh (5.07, 5.04, 
5.16, 5.20%) meat yield increased, and whole drum (5.00, 4.89, 4.87 
4.79%) and drum meat (3.73, 3.61, 3.61, 3.56%) decreased in a linear 
fashion with increasing day length. Gizzard weight showed a quadratic 
relationship with day length (1.27, 1.28, 1.23, 1.07%). Liver and duo-
denum weight, and the proportional length and weight of the jejunum 
and ileum decreased in a linear fashion with increasing day length. 
Sex affected many of the traits measured, but interactions between day 
length and sex were infrequent. Day length affects both meat yield and 
digestive tract weights and lengths in turkeys at 12 wk of age.

Key Words: lighting, sex, digestive tract, carcass, liver

173   Assessment of density in enriched colony cages: Produc-
tion and welfare quality. D. M. Karcher*1, M. M. Makagon2, C. I. 
Robison1, and R. J. Tempelman1, 1Michigan State University, East 
Lansing, MI, 2Purdue University, West Lafayette, IN.

The move toward enriched colony cages (ECC) in the US egg industry 
requires research to provide management, including stocking density, 
guidelines. Scientific information on ECC is limited with the majority 
of the literature originating from Europe. The difference in management 
styles, genetic strains, and European laws and mandates do not allow 
the data to be directly translated to US production systems. Therefore, 
this project investigated the performance of a single strain of laying 
hens housed at different stocking densities in ECC. Seventeen-week-old 
W-36 laying hens (5,106 total) were housed in 72 ECC (8 rooms; 9 ECC/
room). The hens were housed at 6 different densities (464, 581, 652, 748, 
800, and 929 cm2 per bird; 12 cage replicates/density). Egg production 
was recorded daily, feed consumption and case weights weekly, BW 
and welfare quality measures monthly. The data were collected for 52 
weeks (expressed as thirteen 28-d periods). Data were analyzed using 
the GLIMMIX statement in SAS. The overall hen day percentage was 
not different among treatments. Hens housed at 464 and 581 cm2 had 
heavier case weights compared with all other treatments (P < 0.05). 
Hens housed at 464 cm2 (1.40 kg) were, on average, lighter than hens 
housed at 652, 748, and 800 cm2 (1.44, 1.43, and 1.43 kg, respectively; 
P < 0.05). The Welfare Quality guide for poultry was used to assess 
various hen welfare parameters. Laying hens housed at 464 cm2 had 
more keel deformities and were different from both 652 and 929 cm2 
during period 11 (P < 0.05). The feather cover assessed on 7 different 
areas showed similar patterns with larger amounts of skin exposed as 
the stocking density decreased. Overall, the production and welfare 
quality results suggest that W-36 hen densities at or above 581 cm2 per 
bird may be appropriate.

Key Words: enriched colony cage, welfare quality, density, laying 
hen

174   The effectiveness of a feed-sprinkled Astroturf pad as a 
resource in enriched colony cages. R. A. Blatchford*, M. A. De 
Luz, and J. A. Mench, University of California, Davis, CA.

Enriched colony cages provide laying hens with a feed-sprinkled 
Astroturf pad to encourage foraging (pecking and scratching) and 
dust-bathing. As part of the Coalition for a Sustainable Egg Supply 
project, we investigated the effectiveness of this pad in encouraging 
the performance of these behaviors and in reducing feather lipids and 
claw length in hens housed in 60-hen enriched colony cages (n = 20) 
on a commercial farm. All hens had access to a pad from 19 – 52 wk 
of age. Pads were then removed from 10 cages (NOPAD) from 52 – 72 
wk of age, although the auger still dispensed feed onto the shelf in the 
pad area. At 72 wk, breast and back feathers (n = 30 hens) were col-
lected from the NOPAD and 10 neighboring cages with pads (PAD). 
The middle claw on the left foot was also measured on the same hens. 
Behavior was observed in a subsample of 7 cages per treatment both on 
the pads (PAD), and the corresponding area of the cages without a pad 
(NOPAD), using instantaneous scan sampling at 1-min intervals for 15 
min/cage in the morning and afternoon for 2 d. Feather lipid levels were 
evaluated using Soxtec extraction. All data were analyzed using t-tests. 
There was no difference (P = 0.28) in claw length between NOPAD 
(3.20 ± 0.08 cm) and PAD (3.34 ± 0.10 cm). There were also no treat-
ment differences for either breast (NOPAD: 17.68 ± 0.43, PAD: 18.6 
± 0.9 mg lipid/g feather, P = 0.38) or back (NOPAD: 16.8 ± 0.6, PAD: 
16.6 ± 0.6 mg lipid/g feather, P = 0.80) feather lipid levels. Behavior 
was also similar in the 2 treatments, with no difference in either dust-
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bathing (NOPAD: 0.88 ± 0.16, PAD: 0.98 ± 0.16 hens/15 min, P = 0.67), 
or foraging (NOPAD: 0.94 ± 0.21, PAD: 1.18 ± 0.12 hens/15 min, P = 
0.34). Hens used the Astroturf pad at a very low rate for dust-bathing and 
foraging, and performed foraging and dust-bathing at a similar rate in 
that area of the cage even when the mat was not present. The dispensing 
of feed may have been enough to encourage dust-bathing and foraging, 
even without the pad, and the presence of the pad was not effective at 
reducing feather lipids or claw length.

Key Words: enriched colony, hen, behavior, scratch pad, feather 
lipids

175   Comparison of hen preference for nesting substrate mate-
rial, and performance in a free-range production system. K. E. 
Anderson*1, R. D. Malheiros1, and D. R. Jones2, 1North Carolina 
State University, Raleigh, NC, 2USDA Agricultural Research Service, 
Athens, GA.

This project consisted of 200 Hy-Line Brown hens and was conducted 
utilizing the brood-grow-lay range huts at the North Carolina Department 
of Agriculture and Consumer Services’ Piedmont Research Station. Fifty 
hens were placed in each pen/paddock providing 1338 cm2/hen of floor 
space in the hut and 3.7 m2/hen on paddock rotated every 4 wk. Feed 
and water were provided ad libitum at all ages throughout the life of 
the flock from 17 to 45 wk of age. A single diet program was provided 
which met the daily nutrient needs and consumption requirements. Three 
nesting substrates were evaluated: Astroturf, wood shavings, and straw. 
The nest substrates were allocated as follows: (a) pen 1, hens were pro-
vided with the 12-hole numbered nest using 4 holes each of Astroturf, 
straw, and wood shavings as the nesting substrate. The substrates were 
randomly rearranged to the 12 nest holes each period; (b) pen 2, provided 
with the 12-hole nests using wood shavings as the nesting substrate; (c) 
pen 3, hens provided with the 12-hole nests using straw as the nesting 
substrate; and (d) pen 4, hens provided with the 12-hole nests using 
Astroturf. Egg data collection was conducted daily the frequency of use 
for each nest by the number of eggs per nest was determined. In pen 1, 
according to the eggs/substrate was used as the indicator of preference. 
The analysis for pen 1 was Proc Freq. to determine the nesting material 
preference. In the other pens, a χ2 analysis was used to determine if the 
percent of floor eggs was more or less than the expected in each of the 
pens. In pen 1, the straw nesting substrate had the highest (P < 0.001) 
frequency of use with 137 eggs/nest/period compared with 60 and 42 
for the Astroturf and wood shavings, respectively. In the other pens, 
shavings had a higher (P < 0.02) frequency of use with 271 eggs/nest/
period compared with Astroturf at 221 eggs/nest/period. Astroturf had 
the highest (P < 0.0001) incidence of floor eggs. This indicates that 
straw was the preferred nesting substrate and Astroturf resulted in the 
greatest number of floor eggs.

Key Words: free-range, nest substrate, straw, wood shavings, 
Astroturf

176   Miscanthus gigantus as a renewable bedding material for 
commercial broilers versus pine shavings. P. H. Patterson*1, G. P. 
Martin1, H. K. Burley1, H. Li2, and C. Lin2, 1The Pennsylvania State 
University, University Park, PA, 2University of Delaware, Newark, 
DE.

The price and scarcity of broiler bedding materials has been increasing. 
This challenge has forced more cycles of birds on the same litter, increas-
ing litter moisture, ammonia levels and issues for bird quality and health. 
Therefore, a field study was initiated to follow up on promising results 

of a university pen trial indicating broiler performance and quality of 
Miscanthus gigantus (MG) bedded birds was equal to or greater than 
birds bedded on pine shavings (PS). A commercial broiler house (152.4 
× 15.2 m) was divided into 5 equal pens (30.4 × 15.2 m) with tunnel 
migration fences. Two end pens were bedded with chopped MG straw 
(94.0% DM), the other 2 end pens were bedded with PS, and the middle 
pen was a mixture of both bedding types. Bird body weight (BW), foot 
pad score (FPS), feather score (FS), and litter ammonia flux and nutrients 
(6 locations/treatment) were measured at 2, 4, and 6 wk of age in the 
replicate MG and PS pens. Data from each 2-wk period were analyzed 
using a one-way ANOVA. Tukey’s test was used for mean comparisons, 
and P ≤ 0.05 was deemed statistically significant. Results indicated 
there were no significant differences in BW (mean 2.29 kg); however, 
subjective FPS were significantly greater for the MG birds at 4 and 6 wk 
compared with the PS treatment. Subjective FS were also significantly 
greater for the MG birds at 6 wk. Litter nutrient analysis indicated 
inorganic-nitrogen and ammonium-nitrogen levels were greater in pens 
bedded with MG compared with PS, however litter ammonia flux was 
significantly less for the MG vs. PS at 4 wk (0.0255 and 0.0506 g/m2 
per d, respectively). These results indicated that MG bedding did not 
influence bird body weight and improved nitrogen management in the 
bedding and atmosphere; however, there are concerns with greater litter 
nitrogen influencing foot pad and feather scores.

Key Words: broiler, Miscanthus gigantus, pine shavings, perfor-
mance, environment

177   Assessment of the prevalence of Salmonella within layer 
hen traditional and non-traditional housing environments. O. T. 
Toomer*1, R. D. Malheiros2, D. Smith2, C. Shenton2, M. Ferguson1, 
M. Pereira1, A. Do1, U. S. Babu1, K. V. Balan1, P. Ferket2, and K. 
Anderson2, 1U.S. Food and Drug Administration, Center for Food 
Safety and Applied Nutrition, Laurel, MD, 2Prestage Department of 
Poultry Science, North Carolina State University, Raleigh, NC.

Various Salmonella species in food-producing animals have become 
the main reservoir for human salmonellosis, accounting for 95% of all 
human cases annually. Human salmonellosis has been closely associ-
ated with the consumption of poultry and egg products, predominately 
originating at the poultry-production level with the horizontal or vertical 
transmission of salmonella from the environment or during oviposition, 
respectively. The aim of this collaborative study was to identify Salmo-
nella serovars endemic within the egg and poultry industry by environ-
mental, tissue, and egg sampling in cage and cage-free environments 
and how alterations in feed characteristics (coarse versus fine feed) may 
alter Salmonella colonization within layer hens. Two hundred twenty 
commercial hens were equally divided between cage and floor environ-
ments and fed a standard layer diet during an acclimation period between 
17 and 22 wk of age. Baseline environmental and tissue samples were 
collected at 22 wk of age and layer hens were assigned either a coarse 
or fine textured mash layer diet for 6 wk. Egg and environmental (feed, 
water, drag swab, fecal) samples were collected weekly for microbial 
analysis. Egg production and feed intake were summarized weekly. At 
the termination of the study, all hens were euthanized and the spleens 
and reproductive tissues were collected for microbial analysis. Of the 
environmental samples collected, 22% of the feed samples (coarse and 
fine) collected from the caged environment were Salmonella positive, 
while absent in the cage-free environment. However, Escherichia coli 
was significantly greater in the reproductive tissues of cage-free birds 
(P < 0.0001), which correlated with E. coli found within the cage-free 
environmental and eggs samples. There were no significant effects of 
dietary treatments or housing environments on production parameters 
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measured. In summary, this study demonstrates the need for similar 
studies to be conducted using alternative housing systems found within 
the egg production industry to evaluate the prevalence and transmission 
of Salmonella.

Key Words: Salmonella, layer hen, table egg, housing environment

178   Comparison of conventional and pasture production 
systems on broiler performance. R. C. Beckford*, K. M. Liles, J. R. 
Bartlett, and C. O. Bonsi, Tuskegee University, Tuskegee, AL.

Currently, broiler production is highly intensive. This is in response to 
the high market demand for quality chicken products. However, with 
consumers exploring a healthier lifestyle, there has been an increase in 
the demand for meat from birds reared in a more natural environment. 
Some consumers are of the impression that birds raised in alternative 
production systems are healthier and produce meat of a better quality. 
However, valid scientific information supporting this point of view is 
limited. This study was conducted to evaluate the growth rate, feed 
intake, dressing percentage, and organ weights of broilers raised on 
pasture versus those raised in a conventional (intensive) system. Three 
hundred sixty 1-d-old Cornish Rock male broilers were randomly 
assigned to 1 of 2 treatments (PPS = pasture production system, CPS 
= conventional production system). Each treatment consisted of 180 
birds with 3 replications of 60 birds each. Both groups were offered a 
nonmedicated commercial broiler ration and water ad libitum. Body 
weights and feed intake were recorded weekly. After 49 d, birds were 
fasted overnight and slaughtered on d 50. Noncarcass components 
(viscera, feet, neck) and lymphoid organs (thymus, bursa of Fabricius) 
were harvested and weighed. Results showed no differences between 
treatments for final BW, total weight gain, ADG, ADI, total intake, 
feed efficiency, fasted weight, carcass weight, dressing percentage, 
and lymphoid organ weights. There were no differences for noncarcass 
components except the intestines which were higher (P < 0.05) in CPS 
birds (3.70%) than PPS birds (3.50%). Ceca weights were higher (P < 
0.05) in PPS birds compared with CPS birds with 0.44% and 0.32%, 
respectively. Based on these results, broilers raised on pasture performed 
similarly to those raised conventionally. Further evaluation of the carcass 
is being assessed comparing the 2 production systems.

Key Words: pasture production system, conventional production 
system, performance, broiler, lymphoid organs

179   Comparative effects of in ovo versus subcutaneous vac-
cination and pre-placement holding time on early post-hatch 
broiler chick quality. E. D. Peebles*1, T. M. Barbosa2, T. S. Cum-
mings2, J. Dickson2, and S. K. Womack1, 1Department of Poultry 
Science, Mississippi State University, Mississippi State, MS, 2Zoetis, 
Research Triangle Park, NC.

Main and interactive effects of the in ovo or subcutaneous (sc) vac-
cination of HVT vaccine (trt) and 4- and 18-h pre-placement holding 
times (pht) on the quality of male broiler chicks through 7 d of age 
were investigated. A total of 3,900 Aviagen 708 broiler hatching eggs 
were randomly set in each of 15 replicate flats (blocks) for each of the 
following 4 pre-assigned trt and pht combinations in a single stage 
Jamesway incubator. Eggs were in ovo-vaccinated at 18 d of incuba-
tion or chicks from eggs that were not in ovo-injected were vaccinated 
sc at hatch, and chicks from each vaccination trt group were held for 1 
of the 2 pht. In ovo injections (50 µL) were delivered by a commercial 
multi-egg injector and sc injections (0.2 mL) were delivered by an 

automatic pneumatic sc injector. At hatch and placement, chick BW 
and length, yolk-free chick BW, yolk sac weight, and yolk and chick 
moisture concentrations were determined. Chick BW was determined at 
7 d of age. All data were analyzed by a repeated measures mixed model 
with trt, pht, and sampling time as fixed factors and block as a random 
factor. Yolk weight and body moisture were greater in the 4-h than in 
the 18-h pht chicks, whereas the reverse was true for yolk moisture (P 
< 0.0001). Furthermore, body length was increased at hatch by in ovo 
injection (P = 0.0284) and was greater for the 18-h than for the 4-h pht 
chicks (P < 0.0001). Mean hatching body lengths in non-injected and 
in ovo-injected groups were 17.13 and 17.36 cm, respectively (pooled 
SEM = 0.074). The 7 d BW of 4-h pht chicks was greater than that of 
18-h pht chicks (P < 0.0001). Chick BW on d 7 was 170.4 and 162.2 g 
for the 4- and 18-h pht, respectively (pooled SEM = 1.56). In conclu-
sion, in ovo injection did not negatively affect chick quality through 7 
d of age whether or not they were held for 4 or 18 h before placement. 
Therefore, in ovo and sc injections were equally safe for the administra-
tion of the HVT vaccine. Performance data through processing age will 
be included in subsequent reports.

Key Words: broiler, holding time, in ovo injection, subcutaneous 
injection, vaccination

180   Effects of broiler hatching egg storage period and storage 
heating on hatchability, hatching time, and subsequent broiler 
live performance. R. Shiranjang1, S. Özlü1, M. Güçbilmez1, O. 
Elibol1, and J. Brake*2, 1Department of Animal Science, Faculty of 
Agriculture, University of Ankara, Ankara, Turkey, 2Prestage Depart-
ment of Poultry Science, North Carolina State University, Raleigh, 
NC.

Hatching eggs from 28- and 29-wk-old broiler breeder flocks were 
collected from mechanical nests and stored for 1 d in a hatchery egg 
storage room at 17°C and 75% RH. The eggs then either remained in 
storage (control) or were subjected to a heating regimen of 26°C for 2 
h, 37.8°C for 3 h, and 26°C for 2 h in a Petersime setter before return-
ing to storage. Half of the eggs were stored for 3 d more (Heat 1–4d) 
while half of the eggs were stored for 10 d more (Heat 1–11d). Control 
eggs stored for 4 d or 11 d without heating were co-incubated in each 
experiment. There were 10 trays of 150 eggs each set per treatment 
in each storage period (6,000 eggs total) in both experiments. Chicks 
that had hatched at 468–480 h, 481–492 h, and 493–510 h of incuba-
tion were identified per heating treatment from each storage period. 
At 510 h of incubation, chicks were removed from the trays, feather 
sexed, permanently identified with neck tags, weighed, and placed in 
floor pens on new wood litter shavings. There were 768 day-old male 
chicks assigned to 48 pens in a 2 (storage period) × 2 (storage heat-
ing) factorial design with 12 replicates of 16 birds each. BW and feed 
consumption were determined at 7, 14, and 21 d of age. Hatchability 
of fertile eggs decreased with longer egg storage due to increased early 
and late deads. There was no benefit observed in Heat 1–4d eggs but 
hatchability of fertile Heat 1–11d eggs was increased because early deads 
decreased as compared with control. As expected, the eggs stored for 
4 d hatched earlier than those stored for 11 d and eggs heated at 1 d of 
storage hatched earlier than their control. Broiler BW and feed intake 
were significantly decreased at 7, 14, and 21 d by longer storage but 
were not affected by storage heating.

Key Words: hatching egg storage, heating hatching egg, hatchability, 
hatching time, broiler
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181   A value-based approach to the determination of optimal 
phytase dose to be utilized in the diets of laying hens. L. P. Bar-
nard*1, L. F. Romero1, and C. Kwakernaak2, 1Danisco Animal Nutri-
tion–DuPont Industrial Biosciences, Marlborough, United Kingdom, 
2Schothorst Feed Research, Lelystad, the Netherlands.

A study was carried out using 23- to 26-wk-old LSL White laying hens, 
measuring ileal phosphorus (P) digestibility with the aim of determin-
ing the optimal dose rate of phytase based on the law of diminishing 
marginal utility through the replacement of inorganic P from the ration. 
The study was a complete randomized block design and comprised of 5 
treatments with 6 replicates of 16 laying hens. A negative control wheat/ 
soy based diet without added inorganic P (AvP 0.12%, Ca 3.65%) was 
supplemented with 4 doses of Buttiauxella phytase (250, 500, 1000 and 
2000 FTU/kg); Cr2O3 (0.1%) was used as inert marker. Treatment diets 
were fed as crumbled pellets. Digesta samples from the terminal ileum 
were taken at the end of the experimental period; diets and samples 
were assayed for Cr and P. Differences between treatment means were 
determined using ANOVA, and nonlinear regression was carried out 
using JMP 11.0. Marginal value of phytase inclusion was calculated 
based on marginal retained P and the cost of P from inorganic sources. 
Optimum dose in different price scenarios was calculated as the point 
where phytase cost is equal to marginal value. There was a significant 
improvement in ileal P digestibility (P < 0.001) as a result of all doses 
of phytase supplementation. There was a significant difference in ileal 
P digestibility between 0 and 250 FTU/kg, and between 500 and 1000 
FTU/kg phytase. The following Michaelis-Menten equation was deter-
mined for the data: P dig = 54.01 + [−24.97 × (0.998PhytaseFTU)], and 
the first derivative was used to calculate marginal changes. Optimum 
dose was higher for scenarios of high phosphate prices or low phytase 
prices, and lower for scenarios of low phosphate and high phytase 
prices. The marginal decision rule is a methodology that can be practi-
cally applied to determine optimum dose of phytase to maximize its 
value in poultry diets.

Key Words: laying hen, phytase, dose optimization, profit maximiza-
tion, P digestibility

182   Phytase effects on broiler growth and gut-level inflam-
matory responses are influenced by dietary phosphorus level 
and litter types. O. A. Olukosi*1, A. J. Cowieson2, and F. Fru-Nji2, 
1Avian Science Research Centre, Scotland’s Rural College, Auchin-
cruive, Ayr, United Kingdom, 2DSM Nutritional Products Ltd., Basel, 
Switzerland.

A total of 768 broilers were used to study the influence of phytase 
supplementation in broilers raised on new or old litters and receiving 
diets with low or high levels of available P (aP). The litter from previ-
ous experiment was used as a source of mild challenge to the birds. The 
birds were allocated at 1 d old to 12 treatments in a 2 × 2 × 3 factorial 
arrangement with 2 levels of aP (0.3%, negative control or NC; and 
0.45%, positive control or PC), 2 types of litter (new or old) and 3 levels 
of phytase (0, 1,000, and 2,000 FYT/kg). On d 22, sections of jejunum 
and ileum were collected for histomorphology, jejunal tissues were col-
lected for analysis of expressions of gut-level cytokines (IL) and toll-like 
receptors (TLR), and tibias were collected for bone ash. There were no 
3-way interactions or litter effect for any of the growth performance 
and tibia mineralization responses but aP × phytase interaction was 

significant (P < 0.05) for growth performance, except for feed intake. 
Phytase supplementation improved (P < 0.01) weight gain, tibia ash and 
FCR in NC but not PC diets. Jejunal villi height:crypt depth decreased 
(P < 0.05) with phytase supplementation. Ileal villi tended (P < 0.10) 
to be longer in birds on old litter whereas crypt was deeper (P < 0.05) 
in birds on NC diets. The 3-way interaction was significant (P < 0.05) 
for IL1β for which expression was highest (P < 0.05) in birds on old 
litter and receiving NC diet supplemented with 1000 FYT/kg. Phytase 
supplementation increased (P < 0.05) IL6 and TLR2 expressions. There 
were trends (P < 0.10) for phytase × litter for IL6 and TLR2 expressions 
with phytase increasing (P < 0.05) IL6 expression in birds on new litter 
and TLR2 expression in birds on old litter. The birds on old litter had 
higher TLR4 (P < 0.05) expression. We concluded that the effects of 
phytase on growth performance depended largely on amount of dietary 
aP whereas phytase effect on gut-level inflammatory responses was more 
dependent on the litter the birds are raised on.

Key Words: broiler, phytase, litter, morphology, inflammation

183   Method of determination (tibia ash vs. digestibility) 
to estimate phytase efficacy. W. Li1, R. Angel1, S.-W. Kim1, E. 
Jiménez-Moreno1, M. Proszkowiec-Weglarz1, and P. W. Plumstead*2, 
1Department of Animal and Avian Sciences, University of Maryland, 
College Park, MD, 2Danisco Animal Nutrition–DuPont Industrial 
Biosciences, Marlborough, United Kingdom.

A trial was conducted to assess the effect of response criteria (tibia ash 
vs. digestibility), effects of age and length of feeding on phytase efficacy. 
Four 0.95% Ca diets with monocalcium phosphate (MCP) added to the 
0.20% non phytate P (nPP) diet to achieve 0.27, 0.34 and 0.40% nPP. 
A 6-phytase (from Buttiauxella spp., expressed in Trichoderma reesei) 
was added to the 0.20% nPP diet at 500 or 1,000 FTU/kg, resulting in 6 
diets (n = 8). Diets were fed to broilers from 7 to 9 (6 birds/n), 7–21 (6 
birds/n) or 19–21 d (3 birds/n) of age (age group). Graded diet analyzed 
nPP were log-transformed and regressed against tibia ash (%) (TA) to 
estimate nPP equivalence (equiv.). Digestible P (DigP) was obtained by 
multiplying nutrient apparent ileal digestibility by diet nutrient concen-
tration. DigP equiv. was determined by the DigP difference in birds fed 
the 0.20% nPP diets with or without phytase. When TA was regressed 
on nPP the linear R2 in birds fed from 7 to 9, 7–21, and 19–21 d was 
0.30, 0.83 and 0.40, respectively. The nPP equiv. using the TA regres-
sions was 0.18% nPP equiv. (P > 0.05) across all diets. When DigP was 
used, estimates of phytase DigP equiv. were lower than the nPP equiv. 
determined by the tibia ash method. For DigP, there was an interaction 
between age group and phytase dose (P < 0.05). When birds fed the 
1000 FTU/kg diet and were allowed to adapt (7–21d) they had a lower 
DigP equiv., as compared with that of birds fed the same diet without 
adaptation (19 to 21d) (0.09% vs. 0.13% DigP equiv., respectively; P 
< 0.05) while the DigP equiv. for birds fed the same diet from 7 to 9 d 
of age was 0.20%. Phytase DigP equiv. for 1000 FTU/kg had a lower 
CV than for 500 FTU/kg. In conclusion, the method used to determine 
phytase equiv. (tibia ash vs. P digestibility) resulted in different estimates 
in part because they refer to different measurement of P availability.

Key Words: tibia ash, digestible phosphorus, equivalence, phytase
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184   Dietary phytate and phytase level interactions on perfor-
mance in 18-day-old broilers. C. L. Williams*1, S. E. Watkins1, and 
C. L. Wyatt2, 1University of Arkansas, Fayetteville, AR, 2AB Vista 
Feed Ingredients, Stillwell, KS.

Phytate is an abundant source of phosphorous in plant feedstuffs, and 
with the addition of exogenous phytase has proven to benefit feed cost 
savings. However, the ability of phytate to strongly chelate positively 
charged nutrients presents many antinutritional obstacles in poultry 
diets, and research suggests that it may be more detrimental in young 
chicks. The objective of this study was to evaluate how dietary phytate 
and exogenous phytase level may affect performance in chicks fed to 
18 d. A 2 × 3 factorial design was used, with 2 levels of phytate (0.21 
and 0.31%) and 3 levels of phytase inclusion (0, 500, and 1,500 FTU/
kg). Twenty-one male broilers were placed in 48 mini-pens within com-
mercial broiler houses at the University of Arkansas Applied Broiler 
Research Farm. Feed and water were available ad libitum. The main 
effect phytate was significant (P < 0.05) for feed intake, where birds fed 
diets containing 0.31% phytate consumed 754.76 g/bird compared with 
birds fed 0.21% phytate consumed 718.10 g/bird. Main effect phytase 
was also significant for feed intake (P = 0.001), in which birds fed diets 
with 500 or 1,500 FTU/kg consumed more feed, 750.48 and 780.95 g/
bird, respectively, than the control group (678.10 g/bird). Thus, body 
weights were affected by dietary phytase levels (P = 0.001) with birds 
fed 1500 FTU/kg being the heaviest (647.4 g; P = 0.008); the 500 FTU/
kg group intermediate (608.2 g) and both being heavier (P < 0.001) than 
the control birds at 0 FTU/kg (557.2 g). This led to a significant interac-
tion (P = 0.008) between phytase × phytate level for FCR with a linear 
response in improving FCR in the high phytate diet but no difference 
between the 500 and 1,500 FTU/kg in the low phytate diet. These results 
support the benefits of super-dosing phytase to break down phytate and 
improve performance in young broilers.

Key Words: phytate, phytase, super-dose

185   The effect of a 6-phytase derived from Buttiauxella spe-
cies on performance and bone ash in ducks. A. L. Wealleans1, Y. 
Dersjant-Li*1, and A. Knox2, 1Dansico Animal Nutrition, DuPont 
Industrial Biosciences, Marlborough, United Kingdom, 2Roslin Nutri-
tion Ltd., East Lothian, United Kingdom.

The present study evaluated the effect of a 6-phytase derived from 
Buttiauxella spp. expressed in Trichoderma reesei (PHY) on bone ash 
and growth performance in male Pekin white ducklings. The nutrition-
ally complete positive control (PC) diet was wheat and soy based; 
negative control (NC) diets were reduced in Ca and AvP by 0.15% and 
0.15%, respectively. The NC diet was fed with PHY at 0, 250, 500, 
750, 1,000, and 2,000 FTU/kg feed (9 replicates/treatment; 12 birds/
replicate). Diets were fed ad libitum in pelleted form. Weights were 
taken on d0, 21 and 42. Two ducks from each pen were killed at d42 
and both tibias removed for bone ash analysis. Means separation was 
conducted by Tukey’s HSD in JMP 11. Phytase significantly improved 
ADG d0–21 (linear P < 0.0001, quadratic P < 0.01), d22–42 (linear P 
< 0.001, quadratic P < 0.01) and overall (linear P < 0.0001, quadratic 
P < 0.0001) (Table 1). Maximum growth performance was achieved 
at 1,000 FTU. Phytase supplementation linearly improved bone ash % 
(P < 0.01), with doses above 750 FTU achieving statistical difference 
from the NC. In conclusion, phytase at doses higher than 500FTU can 
replace 0.15% AvP in ducks, based on ADG and bone ash data.

Key Words: ducks, Buttiauxella phytase, bone ash, growth 
performance

 
PC NC

Phytase, FTU/kg

SEM Linear Quadratic250 500 750 1,000 2,000

0-21 d           

 ADG, g/d 60.8ab 58.7b 61.1ab 62.0a 61.9ab 63.2a 62.3a 0.30 <0.0001 0.001

 ADFI, g/d 85.0 82.2 85.0 85.9 86.0 86.9 86.0 0.46 0.009 0.038

 FCR 1.40 1.40 1.39 1.38 1.39 1.37 1.38 0.003 0.061 0.262

21-42 d           

 ADG, g/d 103.0ab 99.8b 101.9ab 102.3ab 105.2ab 107.7a 104.1ab 0.59 <0.001 0.002

 ADFI, g/d 123.2 120.7 121.4 120.9 122.2 121.8 121.6 0.26 0.120 0.228

 FCR 2.39a 2.42a 2.38ab 2.37ab 2.33ab 2.26b 2.34ab 0.01 <0.001 0.004

Overall           

 ADG, g/d 81.9bc 79.2c 81.5bc 82.2abc 83.6ab 85.4a 83.2ab 0.35 <0.0001 <0.0001

 ADFI, g/d 165.7a 161.8b 163.9ab 163.8ab 165.2ab 165.2ab 164.6ab 0.33 0.001 0.011

 FCR 2.02a 2.04a 2.01a 2.00ab 1.98ab 1.93b 1.98ab 0.01 <0.0001 <0.001

 Bone ash, % 54.94a 51.73b 52.45ab 53.72ab 54.85a 53.35a 54.88a 0.30 0.005 0.193

a,b,cValues within rows sharing a superscript are not significantly different (P < 0.05).

Table 1 (Abstract 185). Effect of Buttiauxella phytase on growth performance and bone ash percentage in ducks
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186   Effect of two phytase activity products and their combina-
tion with other feed enzymes on broiler productive performance. 
S. R. Ferrnandez*1, E. Avila G.2, B. Fuente2, S. Charraga1, and E. 
Rosales1, 1DSM Nutritional Products Mexico, Guadalajara, Jalisco, 
Mexico, 2Universidad Nacional Autonoma de Mexico, Mexico City, 
Mexico, Mexico.

To compare 2 phytase activity sources: Citrobacter braakii (Ronozyme 
HiPhos, CB), and Escherichia coli (EC), and their combination with a 
xylanase-protease blend (Ronozyme Blend 400, B400), 1,200 1-d-old-
Ross 308 male broilers were randomly allocated to 8 treatments with 
6 replicates of 25 chicks each, divided in 2 blocks for 3 replicates per 
block per treatment (blocking criteria; period on experimental facilities). 
Chicks were housed in floor pens allocated in an experimental broiler 
house. The experimental design was a RCBD on factorial arrangement 
2 (phytase source CB vs. EC) × 2 (formulation matrix CB vs. EC) × 2 
(with or without B400). Experimental feed composition was sorghum, 
SBM, canola, and DDGS. Feed and water were provided ad libitum. 
Feed formulation matrix was as follows (ME as Mcal/MT, CP and AA 
as ppm); CB; ME, 75, CP, 2,552, Lys, 154, SAA, 98, Thr, 150, Trp, 19; 
EC, ME, 52, CP, 4,210, Lys, 170, SAA, 390, Thr, 330, Trp, 190; CB + 
B400; ME, 135, CP, 10,621, Lys, 330, SAA, 442, Thr, 530, Trp, 101; EC 
+ B400, ME, 112, CP, 12,279, Lys, 348, SAA, 734, Thr, 710, Trp, 272. 
Following the triple interaction (P < 0.05) for weight gain (WG, kg/c) 
and feed conversion. It was concluded that for both WG and FEF, when 
feeding phytase alone, the feed formulation matrix can be exchanged 
with no negative effect; however, when Blend 400 was fed along with 
the phytase activity, the combination EC + B400 resulted in a significant 
(P < 0.05) decrease in broiler growth performance.

Key Words: phytase, xylanase, protease, broiler

187   Effect of phytase alone or with xylanase on performance 
and tibia mineralization and phytate destruction in diets dif-
ferent in dietary undetermined anion levels. R. Gonçalves1, I. 
Kühn*2, M. Bedford3, and O. A. Olukosi1, 1Scotland’s Rural College, 
Auchincruive, Ayr, United Kingdom, 2AB Enzymes GmbH, Darmstadt, 
Germany, 3AB Vista, Marlborough, United Kingdom.

Ross 308 broilers were used to study the influence of supplementation 
of phytase alone or plus xylanase on performance, phytate degradation, 
bone mineralization, cecal volatile fatty acids (VFA), and digesta pH in 
diets marginally divergent in dietary undetermined anions (dUA). On 
d 1, 336 male birds were allocated to 7 treatments (6 replicates, 8 birds 
each). Diets were adequate in nutrients (positive control, PC) or reduced 
either by 1.5 g/kg available P, 1.6 g/kg Ca; 0.3g/kg Na and 4.2 g/kg 
crude protein (negative control 1, NC1) or by 1.9 g/kg available P, 2.1 
g/kg Ca, 0.5 g/kg Na and 5.5 g/kg protein (negative control 2, NC2). In 
the remaining treatments NC1 and NC2 diets were supplemented with 

phytase (1,500 FTU/kg) alone or plus xylanase (16,000 BXU/kg). Birds 
and feeds were weighed on d 0 and 21. After slaughter (d 21), left tibia 
bones and digesta samples from different parts in the intestine were 
collected. Data were analyzed by ANOVA and means were separated 
using PDIFF and LINES options of SAS. Differences in body weight and 
feed intake between treatments were not significant but there was poorer 
FCR (P < 0.01) in NC1 and NC2 compared with PC birds. Phytase with 
xylanase improved FCR (P < 0.05) to the level of the PC birds. Phytase 
alone improved FCR (P < 0.05) in the NC2 diet. Differences in phytate 
degradation at the terminal ileum were found between treatments. More 
pronounced mineral reduction (NC2) improved phytate destruction but 
not to the level achieved by phytase alone or combined with xylanase. 
Tibia ash content was lower (P < 0.01) in NC1 and NC2 compared with 
PC birds and was improved (P < 0.01) by phytase alone or combined 
with xylanase. Treatment differences in bone ash were more distinct 
in the diaphysis compared with the epiphysis. The treatments had no 
effect on the digesta pH or on ceca VFA. It is concluded that the reduc-
tion of P, Ca and Na and protein reduced FCR and tibia mineralization 
and the negative effects were reversed by supplementation of phytase 
plus xylanase.

Key Words: broiler, dUA, performance, phytase, xylanase

188   Efficacy of Victus enzyme product for broilers fed a corn/
soybean meal-based diet over a 49-day period. N. E. Ward*1, M. 
de Beer1, L. Mejia1, G. Mathis2, and B. Lumpkins2, 1DSM Nutritional 
Products Inc., Parsippany, NJ, 2Southern Poultry Research, Athens, 
GA.

Intestinal immaturity limits performance, as does the nonstarch polysac-
charide (NSP) composition when the bird transitions from diet to diet. 
This floorpen study was conducted to evaluate Victus on the performance 
of broilers fed a corn/soybean meal (SBM) diet with MBM and corn 
DDGS during growout. At day of age, 1,800 male chicks (Cobb 500) 
were randomly placed in floor pens in a complete randomized block 
design with 12 replications/treatment. Pelleted diets were formulated for 
starter (d 1–18), grower (d 19–35) and finisher (d 36–49). Treatments 
included a positive control (PC), and a negative control (NC) with a 
metabolizable energy (ME, kcal/kg) reduction of 77 (35 kcal/lb), 88 (40 
kcal/lb) and 99 (45 kcal/lb) in starter, grower and finisher, respectively. 
Available P, Ca and digestible amino acids were reduced 0.17%, 0.15% 
and 0.01 to 0.03%, respectively, throughout. Body weight, feed intake, 
FCR and mortality were determined periodically, as was 49-d whole 
bird and breast yield. Data were analyzed by the GLM procedure of 
SAS for a completely randomized block design with 3 pens/block. 
The NC was supplemented with Victus, a product comprising NSP 
enzymes for cereal and leguminous protein sources, as well as NSP 
debranching enzymes, protease and phytase. Victus composition dif-
fered by feed phase. Reduced ME, P, Ca and amino acids decreased (P 

Table 1 (Abstract 186). Weight gain and feed conversion (FC) for diets with and without B400 and with 2 phytase sources 
(CB and EC) and 2 formulation matrices (CB and EC)

B400: − − − − + + + +

SEM
Phytase: CB CB EC EC CB CB EC EC

Matrix: CB EC CB EC CB EC CB EC

Weight gain 3.22a 3.18a 3.19a 3.22a 3.20a 3.17a 3.08b 3.05b 0.035

FC 1.97abc 1.94a 1.97ab 1.96ab 1.99abc 2.00abc 2.05c 2.02bc 0.022
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< 0.05) body weight by 5.6, 3.9 and 2.6% during the starter, grower and 
finisher phases, respectively, whereas FCR suffered (P < 0.05) 3 to 4% 
throughout. Mortality was unaffected (P > 0.05) by diet. The addition of 
Victus to the NC diet replenished (P < 0.05) losses in live performance, 
and favored carcass and breast meat yield. These results find Victus – a 
product designed to account for a shortfall in intestinal enzymes along 
with a change in substrates as the bird ages – able to fully restore losses 
in broiler live performance throughout growout.

Table 1.

Treatment
Starter (d 18) Grower (d 35) Finisher (d 49)

BW, g FCR BW, g FCR BW, g FCR

Positive 
control

608a 1.446a 1,748a 1.630a 2,771a 1.683a

Negative 
control (NC)

574b 1.498b 1,679b 1.694b 2,698b 1.742b

NC + Victus 613a 1.455a 1,756a 1.643a 2,768a 1.694a

abDifferent superscripts within a column differ (P < 0.05).

Key Words: enzyme, Victus, NSP, broiler

189   Effect of protease on growth performance and carcass 
traits of broilers fed diets with different crude protein levels. F. 
Yan*, M. Vazquez-Anon, and N. Odetallah, Novus International Inc., 
St. Charles, MO.

The study investigated effect of protease (Cibenza DP100, Novus Inter-
national Inc.) on growth performance and carcass traits of broilers as 
affected by dietary crude protein level. There were 6 treatments in a 3 
× 2 factorial arrangement with 3 levels of crude protein (LO, ME, HI) 
and 2 levels of protease (0 or 300 units/g). Diets were corn SBM based 
with starter diets (0–19 d) in crumbled form, and grower (19–35 d) and 
finisher (35–42 d) diets in pellet form. The 3 crude protein levels were 
20.5, 22.5, 24.5% for starter, 18.5, 20.5, 22.5% for grower, and 16.5, 
18.5, 20.5% for finisher diets. Each diet was fed to 8 replicate pens of 
18 male broilers. Body weight, feed intake, FCR, and mortality were 
determined at d 19, 35, and 42. On d 43, carcass parameters – dressing 
percentage, breast yield and fat pad weight, were obtained. Data were 
analyzed as 3 × 2 factorial design and statements of significance were 
based on P-value ≤0.05. On each weigh day, body weight increased as 
dietary protein level increased from LO to ME and from ME to HI. On 
d 19 and 35, feed conversion ratio was the best for HI protein diets, the 
worst for LO protein diets, and intermediate for ME protein diets. On 
d 42, birds fed ME or HI protein diets had better FCR than those fed 
LO diets, but there was no difference between ME and HI protein diets. 
Protease increased body weight significantly on d 35 (P = 0.049) and 
numerically on d 42 (P = 0.060). On d 35 and 42, protease significantly 
improved FCR for birds fed diets containing LO or HI protein. Dress-
ing percentage was higher for birds fed HI protein diets in comparison 
to ME or LO protein diets with no difference between ME and LO 
protein diets. Fat pad weight was reduced with each increase of dietary 
protein level. Carcass traits were not significantly affected by protease 
supplementation. In summary, for broilers fed corn SBM based diets, 
protease had the potential to increase body weight and to improve FCR 
when dietary protein level was not optimal without compromising 
processing parameters.

Key Words: broiler, protease, crude protein

190   Effect of dietary protease and NSP enzyme on growth 
performance and carcass characteristics of broilers. F. Yan*, M. 
Vazquez-Anon, D. L. Lichtenstein, and N. Odetallah, Novus Interna-
tional Inc., St. Charles, MO.

A floor pen study was conducted to evaluate effect of a protease (Cibenza 
DP100, Novus International Inc.) and an NSP enzyme blend (Cibenza 
CSM, Novus International Inc.), when used alone or in combination, 
on growth performance and carcass parameters of broilers. The study 
consisted of 4 treatments in a 2 × 2 factorial arrangement with 2 levels 
of protease (0 or 300 units/g) and 2 levels of NSP enzyme (0 or 1,000 
units xylanase, 75 units β-glucanase, and 12.5 units a-galactosidase/kg). 
The diets were wheat (30%), corn, and SBM based containing DDGS 
(5–10%), and they were formulated to meet minimum requirements of 
broilers for starter (0–19 d), grower (19–35 d) and finisher (35–42 d) 
periods. All diets were pelleted and starter diets were crumbled after 
pelleting. Each diet was fed to 8 replicate pens of 18 male broilers. Body 
weight, feed intake, FCR, and mortality were determined at 19, 35, and 
42 d. On d 22, digesta samples were collected to measure viscosity. 
Carcass parameters including dressing percentage, breast yield, and fat 
pad weight were obtained on d 43. Data were analyzed as a 2x2 facto-
rial arrangement, and a P-value of = 0.05 was considered significantly 
different. On d 19, NSP enzyme significantly increased body weight (P 
= 0.032) and improved FCR (P = 0.018) regardless of protease supple-
mentation. On d 35, feed conversion ratio was significantly improved 
by either NSP enzyme (P = 0.002) or protease (P = 0.041), and there 
was no interaction between them (P = 0.928). On d 42, protease sig-
nificantly improved FCR (P = 0.018), whereas NSP enzyme tended to 
improve FCR (P = 0.058), and their interaction was not significant (P = 
0.348). Digesta viscosity was reduced 26% by NSP enzyme (P = 0.003) 
regardless of protease supplementation. Processing parameters were 
not significantly affected by dietary treatment (P > 0.05). The study 
demonstrated that protease and NSP enzyme supplementation were able 
to improve FCR in broilers fed wheat corn SBM based diets containing 
DDGS, and their effect was independent of each other.

Key Words: broiler, protease, NSP enzyme

191   Comparison of proteases added on top of commercial pel-
leted diets reduced in CP, AA, and energy. L. Lahaye*, D. Detzler, 
J. C. Bodin, and R. Bilodeau, Jefo Nutrition Inc., Saint-Hyacinthe, 
Québec, Canada.

Ingredient price increase is raising the need to optimize feed formulation 
and getting the most out of raw materials. The objective of the current 
study was to evaluate the effect of supplementation of 2 single protease 
enzymes: Poultrygrow 250 (PTG) and a protease from Bacillus origin 
(BAC) on top of commercial pelleted corn/soy diets with reduced crude 
protein (CP), amino acids (AA) and energy levels. A 35-d floor pen study 
was conducted using 1320 Ross 308 male broilers equally distributed in 
44 pens of 30 birds each with 11 replications fed one of the following 4 
treatments: T1) Positive control (PC) with AME of 2,990/3,080/3,150 
kcal/kg, CP of 21/19/18% and digestible lysine of 1.11/1.01/0.96% 
to 1–14 d, 15–28 d, and 28–35 d, respectively; T2) Negative control 
(NC) with CP of 19.5/18/17%, digestible lysine of 1.02/0.94/0.88%, 
and AME reduced by 25 kcal/kg, T3) NC supplemented with 200 ppm 
BAC and T4) NC supplemented with 125 ppm PTG. All treatments/
diets included phytase (500 FTU), virginiamycin (16.5 ppm) and a 
coccidiostat. Bird weights (BW) and feed consumption by pen were 
recorded at study initiation, Days 14, 28 and 35. Data were analyzed 
via Analysis of Variance with P value of 0.05 to determine the level of 
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significance and separated using Fisher’s least significant difference test 
(NCSS software). By comparison to PC (T1), the reduction in CP, AA 
and energy levels in NC diet (T2) resulted in significantly (P < 0.05) 
lower BW in all phases. Inclusion of BAC enzyme in the NC diet T3 
numerically improved 28d and 35d BW by comparison to T2. Inclusion 
of Poultrygrow 250 in the NC diet significantly improved the 28d and 
35d BW of T4 by comparison to T2 (P < 0.05) to values similar to T1. 
Despite a numerical trend for higher feed conversion ratios (FCR) with 
T2, there was no difference (P > 0.05) in FCR in between any of the 
treatments at any given period. In conclusion, the use of Poultrygrow 
250 on top of a commercial pelleted diet reduced in CP, AA and energy 
has the potential to improve BW and maintain FCR of birds.

Key Words: protease, enzyme, Poultrygrow 250, broiler

192   Statistical meta-analysis of pen trials conducted testing 
heat-sensitive β-mannanase (Hemicell) feed enzyme in male broil-
ers grown to market age. M. E. Jackson*1 and K. Hanford2, 1Elanco 
Animal Health, Greenfield, IN, 2Department of Statistics, University 
of Nebraska, Lincoln, NE.

The efficacy of β-mannanase has been tested in several pen trials. Seven 
trials were used for a meta-analysis based on the following criteria: (1) 
0 and 100 million units of β-mannanase/ton of feed were tested where 
the enzyme product was applied post-pellet to the feed in liquid form 
(100 million units/ton is the recommended dosage); (2) male broilers 
grown to market age were used; (3) pen weights, feed consumption, and 
mortality data and weights were determined at d 0 and at market age as 
well as between production periods; (4) diets were corn and soybean 
meal-based with ingredients and essential nutrients to represent com-
mercial US-type diets; and (5) phytase was used in all diets. All diets 
were analyzed for β-mannanase activity and results were in agreement 
with expected levels. Of the 7 trials, 4 used strictly corn-soybean-based 
diets while 3 contained animal by-products and corn DDGS. Mortality 
adjusted feed conversion to market weight (FCR) was adjusted to a 
common 2,268 g live weight to calculate weight-adjusted feed conver-
sion (WAFC) using a factor of 0.01 FCR for each 65-g weight difference. 
The model used fixed treatment and random study effects. Analyses 
were performed using the GLIMMIX procedure of SAS (version 9.2.2). 
Analyzed across trials, β-mannanase improved weight gain and feed 
conversion by 4.2% and 4.8 points, respectively (P < 0.05). During the 
starter + grower period, β-mannanase improved weight gain and feed 
conversion by 3.0% and 4.1 points, respectively (P < 0.05). Over the 
entire growth period to market age, β-mannanase improved final weight, 
FCR, and WAFC by 2.1%, 4.7 points, and 6.1 points, respectively (all 
P < 0.05). The meta-analyses support the conclusion that β-mannanase 
(Hemicell) is effective in broilers at the recommended dose of 100 
million unit/ton of feed.

Key Words: broiler, β-mannanase, heat sensitive, meta-analysis

193   Statistical meta-analysis of pen trials conducted testing 
heat-tolerant β-mannanase (Hemicell) feed enzyme in male broil-
ers grown to market age. M. E. Jackson*1 and K. Hanford2, 1Elanco 
Animal Health, Greenfield, IL, 2Department of Statistics, University 
of Nebraska, Lincoln, NE.

The efficacy of β-mannanase has been tested in several pen trials. Eleven 
trials were used for a meta-analysis based on the following criteria: (1) 
varying levels of heat-tolerant β-mannanase applied pre-pellet to the 
mixer ranged from 18 to 84 million units/ton of feed; (2) male broilers 

grown to market age were used; (3) pen weights, feed consumption, 
and mortality data and weights were determined at d 0 and at market 
age as well as between production periods; (4) diets were corn and 
soybean meal-based with ingredients and essential nutrients to represent 
commercial US-type diets; and (5) phytase was used in all diets. All 
feeds were assayed for β-mannanase activity and analyses were based 
on assayed values. Of the 11 trials, 2 used strictly corn-soybean-based 
diets, whereas 9 contained animal by-products and corn DDGS. Feed 
conversion to market weight (FCR) was adjusted to a common 2,268 g 
live weight to calculate weight-adjusted feed conversion (WAFC) using 
a factor of 0.01 FCR for each 65-g weight difference. The model used 
fixed linear and quadratic treatment effects and random study effects. 
Analyses were performed using the GLIMMIX procedure of SAS (v 
9.2.2). Analyzed across trials, a positive linear relationship between 
grams of weight gain (y) and β-mannanase level (x) was observed where 
y = 0.218 (P < 0.017) x and 1.565 (P < 0.0001) x in the starter and total 
period, respectively. A quadratic relationship was observed between 
FCR (y) and β-mannanase level (x) where y = −0.00163 (P < 0.0001) 
x + 0.000015 (P < 0.05) x2 during the starter period and y = −0.0274 (P 
< 0.0001) x + 0.000023 (P < 0.10) x2 during the total period. A linear 
relationship was observed during the total period between WAFCR (y) 
and β-mannanase level (x) where y = −0.00196 (P < 0.0001)x. The 
analysis demonstrated that β-mannanase is effective in broilers and that 
its effectiveness varies depending on dosage.

Key Words: broiler, heat-tolerant β-mannanase, heat tolerant, 
meta-analysis

194   A meta-analysis on effect of a multi enzyme solution on 
apparent ileal undigested starch, fat and crude protein in broil-
ers. D. Swann and L. Romero*, Danisco Animal Nutrition, Marlbor-
ough, United Kingdom.

A meta-analysis of 10 broiler chicken studies including 25 diets was 
conducted to investigate the effect of a xylanase, amylase, and protease 
enzyme combination (ENZ) on apparent ileal undigested starch (S), 
fat (F), and crude protein (CP). Treatments consisted of control diets 
containing a phytase at 500 FTU/kg of feed, which were fed without 
(C) or with ENZ. Diets were based on corn-soybean meal (CS) (n = 
21) or wheat-soybean meal (WS) (n = 4), and were fed without (CS n 
= 3, WS n = 1) or with by-products from corn DDGS (7–15%; n = 19) 
or wheat middlings (1–7%; n = 4). Trials where the respective nutri-
ent was not measured were excluded from each analysis. The entire 
data set contained 580 experimental units; all were considered for CP 
digestibility (C = 246, ENZ = 334) over 25 diets; 320 were considered 
for F digestibility (C = 122, ENZ = 198) over 18 diets; and 272 were 
considered for S digestibility (C = 97, ENZ = 175) over 14 diets. Data 
were fit to the following mixed linear model: Ileal digestible nutrient 
(g/kg) = a · total measured nutrient + b · undigested nutrient (g/kg) * 
ENZ; ENZ was described as presence (1) or absence (0). The b coef-
ficient determined the effect of ENZ on undigested CP, S, F, fractions. 
The model was run in JMP 11 (SAS Institute) fit model platform using 
a standard least squares regression, with trial included as random effect 
(REML methodology) to account for husbandry differences. Digested 
CP, S, and F were significantly (P < 0.001) influenced by total measured 
CP, S, F, as well as the effect of ENZ on undigested CP, S, F. The R2 of 
all models was equal or greater than 0.90. ENZ increased the apparent 
digestibility of undigested CP, S and F digestibility by 22.7 ± 5.1, 88.9 
± 10.1, and 33.4 ± 6.5%, respectively. The models indicated that the 
inherent CP, S and F digestibility of these diets was 81.1 ± 0.8, 96.7 ± 0.2, 
and 88.2 ± 0.8%, respectively. These results confirm that supplementa-
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tion with this exogenous xylanase, amylase, and protease combination 
on top of different diet types containing phytase significantly improves 
the digestibility of undigested nutrient fractions.

Key Words: undigested, digestibility, protease, amylase, xylanase

195   Effects of dietary energy and NSP enzyme treatment on 
first-cycle laying hen performance and body composition. M. E. 
Persia*1, M. L. Roux2, G. L. Engelke3, and N. A. Nachtrieb1, 1Iowa 
State University, Ames, IA, 2Enzyvia LLC, Sheridan, IN, 3Cornerstone 
Resources LLC, New Brighton, MN.

A 40-wk experiment was performed using Hy-Line W-36 laying hens 
to examine the effects of dietary energy and NSP enzyme on laying 
hen performance and body composition (BC). In total, one hundred 
twenty-six 24-wk-old hens were divided into 12 experimental units 
(EU) of 6 hens (68 in2/hen) for each of the 3 treatments. Treatments 
included a positive control (PC) diet that contained 2,861 kcal/kg ME, a 
negative control (NC) diet that was similar to the PC with the exception 
of a 132 kcal/kg reduction in ME and the same NC diet with 0.125 g/
kg of Enspira, a dual fungal enzyme that provided multi-carbohydrase 
activities, with xylanase being predominant. Feed intake was provided 
ad libitum for the first 8 wk before feed intake was limited to ensure 
equal intake across diets at levels similar to expected industry intake. 
Hen-housed egg production (HHEP) and body weight gain (BWG) were 
determined over the 40 wk period. At wk 40, hens were euthanized for 
dual-energy x-ray absorptiometry scanning (2 hens/EU) and abdominal 
fat pad (AFP) weight (3 hens/EU). Statistical analysis was carried out 
using ANOVA and repeated measures analysis for criteria with multiple 
sample collections. When significant differences were noted, Tukey’s 
test was used to separate means for repeated measures analysis and 
Fisher’s LSD test was used for remaining comparisons. Reducing dietary 
energy by 132 kcal/kg reduced HHEP by 2.6% units, while enzyme 
treatment of the NC diet resulted in HHEP intermediate to both the PC 
and NC diets returning 30.8% of the decrease in HDEP. This response 
indicates energy liberation with enzyme, but does not support complete 
liberation of the 132 kcal/kg difference between the PC and NC diets. 
As with HHEP, BWG and DXA fat mass were significantly reduced in 
NC-fed birds compared with PC-fed birds, but in this case enzyme had 
no restorative effects. There were no significant differences in AFP, 
although responses were similar to both BWG and fat mass. Reduc-

tions in dietary energy resulted in reduced HHEP, BWG and fat mass 
and enzyme treatment increased HHEP, but had no effect on BWG or 
fat mass indicating that enzyme liberated energy from the NC diet that 
was used to support HHEP, not body composition.

Key Words: hen, NSP enzyme, energy

196   Effect of dietary Natugrain TS enzyme supplementation 
on broiler diet digestibility. E. L. Krabbe*1, D. Surek1, V. S. de 
Avila1, J. H. de A. Ruiz2, and P. Ader3, 1Embrapa Swine and Poultry, 
Concordia, SC, Brazil, 2BASF SA, São Paulo, SP, Brazil, 3BASF SE, 
Lampertheim, Hesse, Germany.

This study was conducted to compare the effects of an arabino-
xylanase/β-glucanase preparation (Natugrain TS, BASF SE) and an 
arabino-xylanase preparation (Hostazym X, Huvepharma) in broiler 
diets on nutrient digestibility. Day old broiler, male, Cobb 500, were 
used. All birds were housed in a poultry metabolism room. Experimental 
corn-soybean based diets were delivered from the beginning of the trial. 
The 3 experimental groups were (1) control diet (C), (2) C with Natu-
grain TS (100 g/t; NGTS), (3) C with Hostazym X 100 microgranulated 
(100 g/t; HX). From d 17 to 21 (end of the trial), excreta were collected 
daily to produce a single pooled of each per test cage. The experimental 
design was conducted in randomized blocks (based on day-old bird 
weight), with 3 treatments and 19 replicates per treatment, and 10 birds 
per experimental unit, repeated twice. Data were submitted to statistical 
analysis (ANOVA), GLM, SAS (2008). Block (day old chick weight) and 
treatment effect were tested, comparing means throughout Student t-test, 
5%. There was no effect of enzyme treatment on dry matter digestibility 
and apparent digestibility of nitrogen. For ash retention, HX presented 
statistically improved retention compared with all other treatments (P > 
0.05). NTGS compared with C presented increased ash retention (+8%; 
P < 0.05). Nitrogen excretion corrected apparent metabolizable energy 
(AMEn) was improved in NGTS by 32 kcal/kg as-fed basis (P < 0.05), 
compared with C, while in HX AMEn was only leveraged by 4 kcal/kg 
compared with the control diet (P > 0.05). In conclusion, Natugrain TS 
supplementation resulted in an increase of AMEn of about 1.1% relative 
to C and demonstrated in general a positive effect on nutrient utiliza-
tion. For more detailed quantification, further trials are recommended.

Key Words: AMEn, chicken, glucanase, nutrient retention, xylanase
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197   Integration of an agriculture-based class into the core 
curriculum at the University of Georgia. R. B. Beckstead*, J. A. 
Morris, and K. E. Shayne, University of Georgia, Athens, GA.

As land-grant institutions have grown in size and complexity, a smaller 
percentage of students are being exposed to agriculture-based classes 
taught by their respective colleges of agriculture. Over the past several 
decades, there has been a growing disconnect between people and how 
their food is produced. Even among students with an agriculture-based 
major, such a poultry science, there is limited exposure to agriculture 
as a whole in their curriculum. Many classes dealing with agriculture 
are being taught by departments with no direct connection to modern 
agriculture, frequently providing inaccurate information and presenting 
current agricultural practices in a negative light. Because the curriculum 
is fixed for most majors, there exists little opportunity for the inclusion of 
courses within majors both in and outside the colleges of agriculture. To 
allow students to take an agricultural class at The University of Georgia 
that would qualify as more than just a general elective, we designed 
a course that was accepted into the University core curriculum. This 
class, The Effects of Global Agriculture on World Culture, explores 
the relationship between agriculture and culture. By integrating culture 
into the class curriculum, this course has been approved to qualify as 
a University requirement for World Language and Culture. Before its 
inclusion in the core curriculum, 6 students enrolled in this course for the 
fall 2013 semester. The semester after approval, enrollment increased to 
60 students and is projected to reach 150 for fall semester of 2014. By 
offering a course originating within the College of Agriculture, we are 
able to present current and accurate information to students who would 
otherwise have limited or perhaps negative exposure to the relationship 
between their culture and agricultural systems.

Key Words: education, agriculture, core curriculum, culture

198   Can technology be used to help teach lab classes? P. A. 
Curtis*, Auburn University, Auburn, AL.

The objective of this presentation is to provide some examples of how 
technology can be used to assist in teaching lab and other “hands-on” 
type classes and to enhance critical thinking. Science teachers have 
believed that lab experiences are important to science instruction since 
the 19th century. Research has identified 5 groups of objectives typi-
cally achieved through the use of science laboratories. These include 
(1) skills (manipulative, inquiry, investigative, organizational and com-
municative); (2) concepts (hypothesis, theoretical model and taxonomic 
category); (3) cognitive abilities (critical thinking, problem solving, 
application, analysis and synthesis); (4) understanding the nature of 
science (scientific enterprise, existence of multiplicity of scientific 
methods, interrelationships between science and other disciplines); and 
(5) attitudes (e.g., curiosity, interest, risk-taking, objectivity, precision, 
confidence). Research has also shown that technology based activities 
can also achieve some of these objectives. Several examples will be 
shown of how the Auburn University Food Systems Institute has utilized 
technology to achieve these objectives. One example will include an 
online training for PCR. This training includes a simulation that instructs 
the user in lab safety, sample preparation, PCR at a molecular level, gel 
electrophoresis and data analysis of the resulting gel. The user interacts 
with the simulation to by actually performing the necessary steps in the 
process. The simulation complements other multimedia training for a 
more comprehensive learning experience. A second example of will 

be demonstrated of how a video game can be used to enhance critical 
thinking and improve skills. The technology examples will provide some 
innovative ways technology can be used to enhance classes with labs, 
“hands-on” activities and critical thinking objectives.

Key Words: education, technology, teaching, labs, distance 
education

199   Developing a curriculum addressing legal issues in poultry 
and livestock production. E. Rumley*, University of Arkansas, Divi-
sion of Agriculture, Fayetteville, AR.

In today’s increasingly regulated society, legal issues affect agriculture, 
and specifically animal agriculture, in more varied ways. For examples, 
consider laws such as California’s Proposition 2, regulations including 
those governing organic production, and policies such as the FDA’s 
guidance for the use of antimicrobials in livestock and poultry. As a 
result, students focusing on poultry and animal sciences are increasingly 
confronted by laws and regulations that affect their future lives and 
careers. To address this need, an issues-oriented course discussing the 
legal issues involved in the production of poultry, swine and livestock has 
been developed at the University of Arkansas. The curriculum focuses 
on the laws, regulations and policy arguments involved in different 
aspects of animal agriculture. The course begins with an overview of the 
American legal system and develops into a discussion of animal welfare 
versus animal rights, highlighting the legal implications of each view-
point. From there, course topics range from animal welfare to humane 
slaughter, from farm animal confinement to the use of antimicrobials, 
and from food labeling to animal identification. Students completing 
the course are able to identify areas in need of additional legal study, 
areas undergoing policy shifts at the local, state, regional and national 
levels, and areas in which close scrutiny of legal and policy matters can 
result in impacts to poultry, swine and livestock operations.

Key Words: law, legal issues

200   Managing mediums: Education and field studies in the 
Alberta egg industry. B. L. Schneider*1, V. L. Carney1, and D. R. 
Korver2, 1Alberta Agriculture, Edmonton, AB, Canada, 2University of 
Alberta, Edmonton, AB, Canada.

Since 2003, Alberta has produced the largest proportion of medium-sized 
eggs relative to the rest of Canada at a significant cost to the industry. 
Since egg size is affected by many factors, an education program, sur-
veys, and a field study were developed to examine the specific causes of 
the excess medium problem and provide solutions. Economic scenarios 
were used to illustrate the effect on the industry and as an incentive 
to change. Alberta farmers are paid a guaranteed price for medium 
eggs, $0.18/dozen less than large. Alberta produced 1.7 million dozen 
mediums above the Canadian average in 2013, a loss of $306,000. 
Excess mediums are purchased by the provincial marketing board at 
a guaranteed price and sold as industrial product (IP) to processors at 
Urner-Barry prices (2013 price differential was $1.01/dozen). The dif-
ference in price is covered by an IP levy paid by farmers on all eggs 
marketed. In 2013 cost of the IP program was ~$900,000 in Alberta. 
Alberta egg producers were surveyed (36.6% response) on awareness of 
the medium problem and management practices related to egg size (e.g., 
pullet rearing habits, BW collection, feed and lighting programs). Only 
32.8% of producers felt medium eggs were a problem, however, 80% 
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of that group reported medium production above the Canadian average 
for their last 2 flocks. Surprisingly, despite the lower price for medium 
eggs, some producers indicated that they keep egg size small to reduce 
cracks and undergrades, which result in no return to the producer. These 
findings influenced the design of a follow-up field study. Nine farms 
participated in the field study, balanced between low, average and high 
medium egg production. Data collected included feed samples, BW, 
grade-outs, management practices, feed intake and costs of production. 
Utilizing farm records, economic analyses were performed to illustrate 
the effect of medium eggs on the individual producer and the industry. 
Strategies to manage egg size were presented in education materials and 
workshops and were designed to reinforce good management practices 
with proven examples from the field study. 88% of workshop participants 
indicated they would implement new practices on their farm.

Key Words: egg size, economics, field study, management, laying 
hen

201   A flock health training program for non-poultry veterinar-
ians. A. J. Pescatore*1, D. P. Shaw2, M. G. Miller3, and J. A. Hall3, 
1University of Kentucky, Lexington, KY, 2University of Missouri, 
Columbia, MO, 3Kentucky Poultry Federation, Winchester, KY.

The increased interest in backyard flocks and urban chickens has cre-
ated a need for veterinarian services for a different clientele. More 
first-time or inexperienced poultry owners are in need of veterinarians 
to solve flock health problems. In addition, the diagnostic laboratories 
in Kentucky require a veterinarian to submit samples for necropsy or 
diagnostic services. There is a reluctance of general practice veterinar-
ians to be involved with avian species. To increase the willingness of 
non-poultry veterinarians to accept avian clientele, a training program 
on poultry diseases was conducted. The one-day training was conducted 
at the 2 diagnostic laboratories in Kentucky. The goals of the training 
were to review common poultry diseases and procedures for sample 
submission to the diagnostic laboratory. Four categories of diseases were 
covered; respiratory, enteric, avian influenza, and leukosis. Sessions on 
troubleshooting small flocks and internal and external parasites were 
also conducted. Representatives from the State Veterinarian’s Office 
reviewed reportable diseases in Kentucky, and Diagnostic Laboratory 
Staff reviewed sample submission. A necropsy demonstration was 
conducted. The attendees were also introduced to the National Poultry 
Improvement Plan. Participating veterinarians received continuing 
education credits for this training. This training accomplished its goals 
and was well received.

Key Words: flock health, training program, veterinarian, diagnostic 
laboratory, poultry diseases

202   Genetic preservation: A consumer education tool. V. L. 
Carney*1, A. Kulinski2, and B. L. Schneider1, 1Alberta Agriculture 
and Rural Development, Edmonton, AB, Canada, 2University of 
Alberta, Edmonton, AB, Canada.

Genetic preservation is a costly but valuable endeavor. Reliable methods 
for poultry genetic preservation other than live population propaga-
tion are limited. Several Canadian universities have been involved in 
developing control lines and maintaining heritage strains. Since 1984, 
the number of heritage lines has declined from 60 to 9, largely due to 
the cost of maintaining these populations in a dwindling budget envi-
ronment. In recent years, the rise of the slow food movement has coin-
cided with consumer interest in “heritage” food products. The Poultry 
Research Centre (PRC) recognized that a unique opportunity existed 

to bring together the heritage strains of poultry and local consumers 
interested in heritage foods while supporting the preservation program. 
A pilot program was initiated in March 2013; locals could adopt a hen 
for $75 and pick up a dozen eggs every 2 wk. The program was fully 
subscribed within days (200 participants) with a waiting list of 500 for 
the official roll-out of the program in November 2013. Overall, 89% of 
participants in the pilot program indicated that they joined the program 
to support the preservation of heritage chicken breeds, 71% wanted to 
support local food sources, and 65% indicated that they liked knowing 
where their eggs come from. At the end of the production cycle, hens 
were processed and sold in heritage chicken pot pies. Small eggs from 
the start of production for the November 2013 program were processed 
into pickled eggs. While providing revenue to the PRC, these activi-
ties increase awareness of the realities of poultry production. Unlike 
conventional egg producers, the heritage hen program allows the PRC 
to directly communicate with consumers. The positive press from the 
heritage chicken program has raised the profile of the PRC in the local 
community and provided additional opportunities to educate the public 
with science-based education programs about the importance of modern 
animal agriculture. Adoptive “parents” are invited to PRC extension 
and education events, providing additional education opportunities. The 
program has also been featured on a national news program, reaching 
up to 1 million consumers and raising the profile of poultry research 
and genetic preservation across Canada.

Key Words: genetic preservation, heritage stock, education

203   Poultry farmers’ forum—A way out for small-scale 
poultry farmers in Bangladesh. M. N. Islam*1, K. Kozai2, M. A. 
Rashid1, and M. S. K. Sarker1, 1Bangladesh Livestock Research 
Institute (BLRI), Savar, Dhaka, Bangladesh, 2Japan International 
Cooperation Agency (JICA), Tokyo, Japan.

Bangladesh Livestock Research institute (BLRI) is a national research 
institute for conducting problem-solving research on poultry and 
livestock. The poultry sector is becoming a potential source of income 
generation and employment opportunity with an increasing annual 
growth rate of 6.2%. In Bangladesh approximately 80% of farmers are 
rearing 200 to 500 chickens. With no suitable job opportunity within 
their reach, rural poor people are investing what little funds they have 
in poultry farming in hopes of using their idle family labor. With poor 
technological knowledge and skill, they often fail. To increase their 
knowledge and skills, 12 poultry technology disseminating areas 
(TDA) were established in the country. Each TDA works with groups 
consisting of 8 to 12 farmers. Two representatives from each group 
work together as a forum which interacts with the local government and 
public representatives, which helps to increase the groups’ negotiating 
power. Together, forum members are better able to work with agen-
cies of concern to mobilize poultry production input (e.g., feed, chick, 
vaccine, medicine) and also marketing their products (eggs and meat). 
Members of the forums are trained in feeding management, biosecurity 
measures and disease control. TDA staffs are responsible for guiding and 
monitoring poultry rearing activities through the Forum. In the case of 
disease outbreak and TDA staff need a laboratory diagnosis, he or she 
can send digital images of lesions or sample to the central laboratory 
to get a rapid diagnosis and recommendation through the internet. The 
farmers benefited from these arrangements. These successful models 
can be replicated all over the country for supporting better nutrition and 
livelihood of the poultry farmers.

Key Words: poultry farmers’ forum, technology disseminating area, 
inputs, chick, egg and meat
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204   Implications of maternal laying hens’ feather-pecking 
activity levels on chicken play behavior. S. Bourgon, M. Quinton, 
and A. Harlander-Matauschek*, University of Guelph, Guelph, ON, 
Canada.

Feather-pecking in laying hens has been suggested to represent an 
animal model for attention deficit hyperactivity disorder (ADHD) in 
children. Interestingly, solitary activities including solitary focused 
play are likely to identify children with ADHD. We hypothesized that 
offspring of laying hens selected for high (H) feather-pecking activity 
perform higher rates of solitary focused play behavior than offspring 
born to birds selected for low (L) feather-pecking activity. In groups of 
10, 60 H chicks (1-d-old) and 60 L chicks were kept in identical floor 
pens littered with a mix of straw and wood shavings under conventional 
management conditions. Behavioral video observations (20 min per 
pen) were conducted twice per week in wk 2 to 7 and all occurrences 
of solitary play behavior during each time period were recorded. Play 
behavior was considered as any sequence that contained some or all of 
the following characteristics: repetition, incomplete, quick, exaggerated 
sequences; and that lacked final consummatory acts. Data were analyzed 
using PROC GLIMMIX (SAS 9.3). The number of running events—
spontaneous running in circles or in straight line—was not different 
between the H and L chicks (22.7 ± 2.0 vs 23.4 ± 2.0; ns). The number 
of hopping events—chicks pushing off with both feet simultaneously 
and flapping their wings—was higher in H than in L chicks (24 ± 1.9 
vs. 17 ± 1.4; P = 0.004). The total number of times an inanimate object 
(straw) was dropped and picked up multiple times on a given spot, and 
the number of times an object was dropped and picked up while the bird 
was running was greater in H than in L chicks (1.5 ± 0.3 vs. 0.7 ± 0.2; P 
= 0.033). Taken together, our results show that H birds performed higher 
rates of solitary play. Further research is warranted to determine whether 
there is an association between chick’s solitary play and feather-pecking 
or aggressive behavior later in life.

Key Words: laying hen, welfare, feather-pecking, play behavior

205   Effect of partial comb and wattle trim on pullet behavior 
and thermoregulation. D. S. Al-Ramamneh*1, M. M. Makagon1, H. 
W. Cheng2, and P. Y. Hester1, 1Purdue University, West Lafayette, IN, 
2Livestock Behavior Research Unit, USDA-ARS, West Lafayette, IN.

The comb and wattles of a caged chicken are sometimes trimmed to 
prevent tearing by equipment. The blood vessels of the comb and wattles 
facilitate conductive heat exchange during temperature extremes. Our 
objective was to determine whether trimming the comb and wattles 
affected behavior, feed consumption, BW, and the surface temperature of 
the pullet. The comb and wattles of White Leghorns were trimmed at 21 
d of age using scissors (n = 6 cages) between 0938 to 1037 h, while the 
remaining 6 cages of 13 chicks each served as intact controls. Thermal 
images (conducted at 1300 h) of the chick’s comb, wattle, beak, eyes, 
and shanks were taken, and behavior was measured 3 d before, on the 
day of, and 1, 2, 4, 6, 8, and 11 d post trim. The proportion of chicks 
per cage feeding, drinking, standing, sitting, preening, and running was 
recorded using instantaneous scan sampling observations made every 5 
min at 0800 to 0900 h, 1200 to 1300, and 1500 to 1600 h. Feed utiliza-
tion from 21 to 28 d and 28 to 36 d of age and group BW of chicks at 
21, 28, and 36 d of age were measured per cage. Data were analyzed 

using ANOVA with repeated measures. Proportionally, trimmed chicks 
were observed feeding less and sitting more on the day of the trim as 
compared with the controls, but by d 4 post-trim, trimmed chicks were 
feeding more and sitting less (treatment by age interaction, P = 0.03 and 
0.0001, respectively). The proportion of chicks standing only differed 
on the day of the trim with fewer trimmed pullets standing as compared 
with controls (66.2 vs. 77.2%, SEM = 1.9, treatment by age interaction, 
P = 0.0002). The other measured behaviors as well as BW, feed utiliza-
tion, and chick surface temperature did not differ between treatments. 
Behavioral indices suggested that pullets subjected to partial trimming 
of the comb and wattles experienced stress perhaps due to pain on the 
day of the trim; however, they quickly recovered by returning to normal 
behavior by 1 d following the trim. The change in behavior on the day 
of the trim had no long-term impact on feed consumption, growth, or 
thermoregulation as measured through infrared thermography.

Key Words: trimmed comb, trimmed wattle, pullet, behavior, 
thermography

206   Individual tracking of laying hens in aviary cages with 
different litter substrates. D. L. M. Campbell* and J. M. Siegford, 
Michigan State University, East Lansing, MI.

Alternative aviary-style housing systems for laying hens are designed 
to provide birds with additional resources including litter, perches, 
a nestbox and tiered cage structure. These resources aim to cater to 
behavioral needs of hens such as perching and dustbathing, resulting in 
improved welfare. But individual hens housed in these systems might 
not use provided resources to the same degree, possibly leading to 
between-individual discrepancy in the intended welfare benefits. In large 
complex systems, hens may also develop preferences for specific areas 
that they use consistently. We used Bovans white laying hens housed 
in aviary cages with 3 different litter substrates (straw, wood-shavings, 
or Astroturf) at Michigan State University’s Laying Hen Facility to test 
whether each hen spends similar proportions of its day in different areas 
of the system. Conducting live observations, we tracked 35 color-marked 
hens in each of 6 cages noting their cage location (8 different locations 
identified) every 15 min from lights on (0500 h) until lights off (2030 
h) across 3 d during the mid-lay period (August 2013). General linear 
models showed significantly different average proportions of time 
that all observed hens spent out on the different litter substrates (P < 
0.0001) with the least time spent on the Astroturf. ANOVA between 
individuals, analyzed separately for each of the 6 focal cages (averaged 
across the 3 sample days), showed significant differences within each 
cage for where individual hens spent their day (all P < 0.0001). Some 
hens did have similar patterns of daily movement, but other hens were 
distinct in the cage locations they preferred and not every hen was seen 
in every cage location. These results show individual hens housed in 
aviary cages utilize the provided resources to different degrees, which 
might depend on the types of resources made available. These results 
may have implications for laying hen welfare in alternative housing 
and optimal system design.

Key Words: aviary system, laying hen behavior, resource, welfare, 
individual differences
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207   Effects of space allowance and cage size on production 
and well-being of laying hens in large furnished cages. T. M. 
Widowski*1, L. J. Caston1, M. E. Hunniford1, S. Leeson1, L. Cooley1, 
M. Guerin1, and S. Torrey1,2, 1University of Guelph, Guelph, ON, 
Canada, 2Agriculture and Agri-Food Canada, Guelph, ON, Canada.

Proposed changes to housing for laying hens in the US include a 
transition period of gradually increasing space allowances for hens in 
furnished cages. However, there is little published data on the effects 
of housing hens at different densities in these types of housing systems. 
The objective of this study was to determine the effects of housing 
laying hens at 2 space allowances in 2 sizes of furnished cages (FC) on 
measures of production and well-being. A total of 1,218 LSL-Lite hens 
were housed in cages furnished with a curtained nesting area, perches 
and scratch mat. At 18 wk birds were housed at either 520 cm2 (low) or 
748 cm2 (high) total floor space resulting in group sizes of 40 vs. 28 birds 
in the small FC (SFC) and 80 vs 55 in the large FC (LFC). A reference 
group of 100 hens were kept 5/cage in conventional cages (CC) at 464 
cm2/bird. Data were collected from 20 to 72 wk of age. There was no 
effect of cage size (SFC 94.2%; LFC 93.2%, SEM = 0.15; P = 0.21) or 
space allowance (High 93.0%; Low 94.4%; SEM = 0.15; P = 0.37) on 
hen-day egg production, but hens in FC laid more eggs than those in 
CC (FC 93.7 ± 0.15; CC 92.7 ± 0.57%), Feed intake was higher in SFC 
than LFC (110.7 vs 105.3 g/d SEM = 1.16; P = 0.005). Egg weight was 
not affected by FC treatments (P > 0.05) but hens in FC laid heavier 
eggs than CC. Mortality to 72 wk was not affected by cage size (P = 
0.78) or space allowance (P = 0.55) but was higher in FC than CC (4.6 
vs 2.0%). BW and BW uniformity were not affected by treatments in 
FC, but hens in CC were heavier and more uniform than those in FC. 
Feather condition and cleanliness scores deteriorated in all treatments 
over time but were increasingly poorer in low vs. high space allowance 
in FC (age × space: P = 0.002, P = 0.03, respectively). Bone breaking 
strengths of femur, tibia and humerus were not affected by cage size or 
space allowance but all bones were stronger in FC than CC. Overall, 
the cage sizes and space allowances studied in this trial had few effects 
on production parameters. However, stocking birds at the lower space 
allowance resulted in poorer external condition in both sizes of FC.

Key Words: laying hen, furnished cage, space allowance, cage size, 
well-being

208   The utilization of feeder space by hens housed in enriched 
colony cages. R. A. Blatchford* and J. A. Mench, University of 
California, Davis, CA.

Housing standards for caged laying hens typically require either that a 
particular amount of feeder space per hen be provided or that there be 
sufficient feeder space for all hens to feed simultaneously. Egg producers 
are increasingly adopting enriched colony systems that contain resources 
(nests, perches, scratch area) that could affect how feeder space is used, 
but little is known about feeding behavior in these systems. As part of 
the Coalition for a Sustainable Egg Supply project, we investigated how 
hens (Lohmann LSL white) housed in 60-hen enriched colony cages 
on a commercial farm utilized the feeder space provided (12 cm/hen). 
Cages (n = 18) were video recorded from 0500 to 2200 h and behavior 
coded using instantaneous scan samples at 10-min intervals. For analysis, 
cages were divided into 3 equal sections (each providing 122 cm feeder 
space), corresponding to the resources available in those sections: nest, 
perches, and scratch pad. The average number of hens feeding during 
each hour was analyzed using an ANOVA. The maximum number of 
hens observed feeding at any one time in a cage was 42. There was a 
location effect, with fewer hens (P > 0.0001) feeding at the nest section 

(6.0 ± 0.74 hens) than either the scratch pad (7.0 ± 0.68 hens) or perch 
(7.0 ± 0.71 hens) sections. There was a time effect (P < 0.0001), with a 
small peak in feeder use at 0700 h and a large peak between 1800 and 
1900 h. There was also an interaction between time and cage section, 
with the feeders in the nest section (4.9 ± 0.71 hens) used less (P < 0.001) 
between 0700 and 1100 than those in the scratch pad (8.2 ± 0.25 hens) 
and perch (7.6 ± 0.46 hens) sections. These results indicate that hens 
in enriched colony cages do not all feed simultaneously and utilize the 
feeder space available in different sections of the cage differently. The 
low occurrence of feeding in the nest section in the morning may be 
because most hens lay their eggs in the morning and associated the nest 
section with laying rather than eating. Feeder usage in this section may 
also have been reduced due to the crowding that occurs in the nest area 
and blocking of the feeder by hens waiting to enter the nest.

Key Words: laying hen, feeding behavior, enriched colony

209   Welfare Quality Assessment of hen condition across 
housing systems. R. A. Blatchford* and J. A. Mench, University of 
California, Davis, CA.

The Welfare Quality Assessment protocol for poultry (WQA) provides 
animal-based measures allowing for welfare comparisons across 
farms and housing systems. As part of the Coalition for a Sustainable 
Egg Supply project, we used the WQA to compare hens housed in an 
enriched colony cage (EC), aviary (AV), and conventional cage system 
(CC) on a commercial farm. We scored 100 hens per system on a vari-
ety of measures such as physical abnormalities and feather condition. 
A baseline measure was made at placement at 19 wk of age, since AV 
hens had been reared in an aviary pullet facility (AVP) while EC and 
CC were reared in a conventional pullet facility (CCP). Hens were then 
reassessed at 72 wk of age. WQAs were analyzed using Wilcoxon Two-
Sample and Kruskal-Wallis tests. There were only a few differences in 
the condition of the pullets at placement, with AVP having shorter (P 
= 0.01) claws than CCP (2.0 ± 0.03 cm vs. 2.1 ± 0.02 cm), dirtier (P = 
0.03) feathers (21% vs. 10%), and more (P < 0.0001) keel abnormalities 
(15% vs. 0%). All pullets were fully feathered. At 72 wk, EC hens had 
shorter nails (3.2 ± 0.06 cm, P = 0.0002) than AV (3.5 ± 0.06 cm) and 
CC (3.4 ± 0.06 cm), whereas CC hens had more (P < 0.0001) foot pad 
lesions (59%) than AV (22%) and EC (14%). AV (45%) and EC (29%) 
hens had more (P < 0.0001) keel abnormalities than CC hens (13%). 
AV hens (19%) had dirtier (P < 0.0001) feathers than EC (1%) and CC 
(0%) hens. While composite feather less scores were low overall (pooled 
mean: 3.2 ± 0.1 out of a possible score of 14) there were differences in 
patterns of feather loss, with AV hens having more on the head and vent 
areas, whereas EC and CC hens had more on the crop, back, and keel 
areas. Some differences were consistent across age, such as AV hens 
having greater keel abnormalities and dirtier feathers. Other differences 
developed over time, such as foot pad lesions and feather loss. Feather 
loss patterns suggest that loss was due to feather pecking for AV hens, 
whereas for EC and CC it was more likely due to cage wear. These results 
show the WQA is a useful tool for detecting hen condition differences 
attributable to housing systems.

Key Words: Welfare Quality, enriched colony, aviary, feather loss

210   On-farm comparison of keel fracture incidence in con-
ventional cage and floor-housed laying hens. M. T. Petrik*, M. 
T. Guerin, and T. M. Widowski, University of Guelph, Guelph, ON, 
Canada.
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North American egg producers are responding to pressures to adopt 
alternative housing systems for laying hens. It is important to identify 
risks to well-being of hens in the different systems so farmers can make 
informed choices. The objective of this study was to compare incidence 
of keel bone fractures and to benchmark several other measures of well-
being in hens housed in conventional cages and single tier floor housing 
systems. Commercial brown strain laying hen flocks were selected in 
Ontario, Canada. There were 29 visits to flocks on 9 farms housing birds 
in conventional cages (CC) and 26 visits to flocks on 8 farms housing 
birds in floor barns (FH). The average flock size for caged hens was 
16410 hens while the floor housed farms averaged 9607 hens. Each farm 
was visited at 20, 35, 50 and 65 wk of age. At each visit, 50 birds were 
sampled from different areas of the barn, weighed, palpated for pres-
ence of healed keel bone fractures, and evaluated for feather score (1 = 
poor to 4 = good feather cover on head, back, breast, and vent). Farm 
records were used to record cumulative mortality up to each sampling 
age. Fracture incidence was higher in FH hens compared to CC (48.3% 
± 0.04 vs. 24.8% ± 0.03, P < 0.0001). Hens in CC were heavier (1,888 
g ± 26.8) than FH (1,827 g ± 28.8, P < 0.05) but BW uniformity was 
higher (coefficient of variation: CC, 10.1 ± 0.32%; FH 9.4 ± 0.40%; 
P < 0.001). Feather score did not vary significantly between the two 
groups, and there a tendency for cumulative mortality to be higher in FH 
flocks compared to CC (2.13% ± 0.42 vs 1.29% ± 0.19; P = 0.078). All 
parameters varied with age (P < 0.0001), which was expected. Housing 
hens in single tier floor systems increased the amount of keel fractures 
that a flock was likely to suffer, and resulted in a decreased, yet more 
uniform body weight, compared to CC under commercial conditions. 
Results from alternative housing systems need to be compared to the 
current industry benchmarks to ensure that progress is being made in 
improving the well-being of laying hens in the future.

Key Words: welfare, laying hen, housing, keel fracture, well-being

211   Use of an impact tester to assess the likelihood of frac-
tures occurring against key bird and motion related factors. M. 
J. Toscano*1, F. Booth2, L. J. Wilkins2, S. B. Brown3, G. Richards3, 
and J. F. Tarlton2, 1Research Center for Proper Housing: Poultry and 
Rabbits (ZTHZ) Division of Animal Welfare, VPH Institute, Univer-
sity of Bern, Zollikofen, Bern, Switzerland, 2Matrix Biology Research 
Group, University of Bristol, Bristol, United Kingdom, 3Animal 
Behaviour and Welfare Group, University of Bristol, Bristol, United 
Kingdom.

Keel bone fractures are a serious welfare problem in laying hens and 
recent findings suggest that a principal cause are collisions with housing 
structures. The current work is part of an ongoing effort to develop a 
methodology that creates collisions representative of that experienced 
by birds to relate the likelihood of fracture with key bird and motion 
related factors (e.g., energy during collision, bone health). Fractures 
were induced in euthanized hens (n = 480 Lohman Brown birds total at 
23,30,42,50, and 60 wk of age) using a drop-weight impact tester able to 
generate a range of impact energies between 0.8 and 16 J. Analysis using 
logistic regression demonstrated that greater impact energy increased 
the probability of fracture occurring (P = 0.05) and caused fractures of 
greater severity (P = 0.03). Interestingly, while increasing age was asso-
ciated with greater probability of fracture (P = 0.03), this relationship 
appeared to reverse in birds aged greater than 44 wk; that is, older birds 
had reduced probability of fracture, a finding which may relate to bone 
maturity and bone strength. The particular pattern observed within our 
ex vivo model appears to be supported by several independent studies 
examining longitudinal occurrences of fractures. The novelty in our 
method lies in that fractures can be visualized at the time of collision 

and can thus eliminate many confounding factors; for example, changes 
in behavior. Our study offers a unique means to assess fractures and 
model how various factors relate to the probability of a fracture occur-
ring. Greater understanding of these relationships will provide means to 
reduce levels of fracture and severity in commercial systems.

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

212   Effect of stocking density and litter material on bone and 
tendon strength, and productive performance in broilers. A. J. 
Vargas-Galicia1, E. Sosa-Montes4, C. A. Ruiz-Feria*5, J. Bautista-
Ortega2, A. Pro-Martínez1, L. T. Rodríguez-Ortega1, C. M. Becerril-
Pérez1, P. Pérez-Hernández2, and A. S. Hernández-Casares3, 1Colegio 
de Postgraduados, Campus Montecillo, Texcoco, México, 2Colegio de 
Postgraduados, Campus Campeche, Champoton, México, 3Colegio 
de Postgraduados, Campus Córdoba, Veracruz, México, 4Universi-
dad Autónoma Chapingo, Texcoco, México, 5Texas A&M University, 
College Station, TX.

High stocking density decreases growth performance and deteriorates 
welfare in broilers. The objective of this study was to evaluate the effect 
of stocking density and litter material on tibia (TiBS) and tendon break-
ing strength (TeBS), ash content, Ca and P of bone, and body weight 
(BW). Ross 308 male chicks (n = 744) were raised on volcanic rock 
(tezontle, TEZ) or wood shavings (WS) litter, with a stocking density 
of 13 (LDe) or 18 birds/m2 (HDe) (2 × 2 factorial; 4 pen replicates/
treatment). Right tibias and calcaneus tendons were collected at d 45 
(6 birds/treatment) and subjected to breaking strength tests (Newtons); 
whereas the left tibias were collected for determination of ash, Ca, and 
P. The final BW (42 d of age) was higher (P ≤ 0.05) in birds housed at 
LDe (2.56 ± 0.01 kg) than in those housed at HDe (2.35 ± 0.01 kg). An 
interaction was found for TiBS (P ≤ 0.05); birds on the WS-HDe group 
showed the highest TiBS (278.5 ± 10.3 N), with no difference among 
the other treatments (267.4, 244.6, and 244.6 ± 10.3 N, for TEZ-LDe, 
TEZ-HDe, and WS-LDe, respectively). On the other hand, chickens 
housed on WS litter showed higher (P ≤ 0.05) TeBS than birds raised 
on TEZ litter (182.1 vs. 132.1 ± 8.8 N). These results suggest that the 
stress imposed by the litter material can adversely affect tendon and bone 
integrity, and this can be due to leg instability of birds raised on TEZ. 
No difference among treatments was observed for ash content, Ca, or 
P. Although birds raised at HDe had lower BW, when considering the 
amount (kg) of meat produced per m2, the results were still favorable 
for the HDe treatment.

Key Words: tezontle, tibia, tendon, stocking density, productive 
performance

213   Inclusion of zinc and copper inhibits in vitro growth of 
Histomonas meleagridis. A. P. Kenyon*, E. A. Kimminau, M. E. 
Klodnicki, R. E. Harrison, M. A. Barrios, and R. B. Beckstead, Uni-
versity of Georgia, Athens, GA.

Blackhead disease is caused by the protozoan parasite Histomonas 
meleagridis and results in increased mortality of gallinaceous birds, 
particularly turkeys. Presently, nitarsone is the only preventative treat-
ment that is approved for use in poultry in the United States. As an 
arsenical, nitarsone has been banned in the European Union and it is 
likely to be removed from US markets in the near future. The lack of 
alternative drugs for H. meleagridis infections has led to an increased 
search for additional methods to prevent and control the disease. Stud-
ies using the related protozoa Trichomonas vaginalis and Trichomonas 
fetus show that high concentrations of zinc inhibit their growth. Based 
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on this data and the fact that nitarsone contains the metalloid arsenic, 
we hypothesized that other heavy metals such as zinc (as zinc sulfate, 
ZnSO4) and copper (as copper sulfate, CuSO4) could also inhibit the 
growth of H. meleagridis. We used a culture based screening method to 
measure H. meleagridis growth in the presence of ZnSO4 and CuSO4 
at 4 concentrations with 5 replicates: 50, 100, 500, and 1,000 ppm. 
Growth rates were measured at 8-h intervals for 32 h by counting live 
cells using a Neubauer hemocytometer. Cultures treated with water 
(control) and 50 ppm of CuSo4 did not differ significantly (P > 0.05) at 
all times measured. CuSo4 cultures at 100 ppm and higher showed no 
live cells by 16 h. Additionally, there were significantly fewer cells at 8 
h compared with the control. Cultures treated with ZnSO4 at 50 ppm and 
100 ppm did not differ significantly from the control while cultures with 
ZnSO4 at 500 and 1,000 ppm declined to zero by the 32-h time point. 
Growth was significantly reduced in the cultures treated with ZnSO4 at 
500 and 1000 ppm versus the control at each time point. These in vitro 
tests demonstrate that ZnSO4 and CuSo4 are toxic to H. meleagridis at 
dietary levels that are tolerated by turkeys and chickens. This suggests 
that the inclusion of zinc and copper in the diet might provide new 
therapeutic alternatives to controlling this disease.

Key Words: blackhead disease, zinc, copper, Histomonas 
meleagridis

214   Effect of trace minerals on the development of bacterial 
chondronecrosis with osteomyelitis in poultry. J. Chen*1, J. D. 
Richards1, K. D. Wedekind1, M. K. Manangi1, R. F. Wideman2, and J. 
J. Dibner1, 1Novus International Inc., St. Charles, MO, 2University of 
Arkansas, Fayetteville, AR.

Bacterial chondronecrosis with osteomyelitis (BCO) is one of the most 
common forms of lameness in poultry. It is associated with opportunistic 
bacterial infections in the proximal long bones and gut barrier failure. 
Chelated trace minerals have been shown to improve bone strength 
and gut health, therefore we hypothesize that Mintrex, the chelated 
trace minerals, can improve bone structural integrity and gut barrier 
function thereby decreasing bacteria leakage from the gut into the bone 
and reducing BCO lesions. A wire flooring model was used to test the 
efficacy of Mintrex in reducing BCO lesions in broilers. Ross 308 male 
broiler chicks were assigned to 3 treatments with 2 pens per treatment: 
(1) ITM (Zn:Cu:Mn = 100:125:90), (2) low Mintrex (Zn:Cu:Mn = 
32:8:32); (3) moderate Mintrex (Zn:Cu:Mn = 64:16:64). Compared with 
ITM, low and moderate levels of Mintrex reduced the incidence of tibial 
head necrosis in day14 non-lame birds (P < 0.05); moderate levels of 
Mintrex reduced the incidence of femoral lesions in all lame birds (P < 
0.05) and day55 non-lame birds (P < 0.05). The impact of Mintrex on 
BCO lesions in broilers was also tested in a commercial farm. In this 
trial, Hubbard x Cobb 500 chicks were assigned to 2 treatments with 4 
houses per treatment: (1) ITM (Zn:Cu:Mn = 100:125:100); (2) Mintrex 
(Zn:Cu:Mn = 50:25:50). Lame birds had more severe femoral (P = 
0.039) and tibial head lesions (P = 0.015) than nonlame birds. Mintrex 

increased tibial diameter (P = 0.0023), reduced tibial lesion scores 
(P = 0.087) and the incidence of severe femoral (P = 0.11) and tibial 
head necrosis (P = 0.12) compared with ITM. Taken together, Mintrex 
improved femoral and/or tibial head lesions in broilers reared on wire 
flooring and on litter, which suggests that Mintrex may be effective in 
reducing BCO in poultry.

Key Words: bacterial chondronecrosis with osteomyelitis, lameness, 
femoral head necrosis, tibial head necrosis, chelated trace minerals

215   Development of techniques to assess moisture held in 
broiler feathers. N. H. Irugalbandara*1, M. L. Strawford2, H. L. 
Classen1, and T. G. Crowe2, 1Department of Animal and Poultry Sci-
ence, University of Saskatchewan, Saskatoon, SK, Canada, 2Depart-
ment of Mechanical Engineering, University of Saskatchewan, 
Saskatoon, SK, Canada.

Transportation of wet birds can have detrimental effects on bird wel-
fare and poultry industry economics. Transportation guidelines advise 
against the transportation of wet birds. However, there is not a method 
to quantify the level of wetness. Therefore, commercially-available 
moisture-sensing devices were tested to determine if they could be used 
to measure moisture contained in broiler feathers. Six moisture-sensing 
devices were tested on artificial feather beds (15 cm by 15 cm), with 
varying feather densities (14, 11, 9 or 4 feathers per 25 cm2). The day 
before testing, distilled water was misted onto dry feather beds (0, 25, 
50, 75, 100, 150, 200% of the total feather weight) then stored in sealed 
plastic bags. Measurements were taken at 5 different locations per feather 
bed and 4 measurements per location were taken, each at a different 
orientation in reference to the alignment with the feathers, allowing 
20 replicates per feather density and moisture level combination. Fol-
lowing testing with the moisture sensing devices, the true moisture 
concentration of the feather beds was determined using a gravimetric 
technique. A separate regression analysis was conducted for each sensor 
and each feather density was analyzed separately. A linear relationship 
was identified between true moisture content and device readings for all 
the devices (P < 0.05). Of the 6 devices tested, a Delmhorst hay sensor 
and a General Tools and Instruments construction moisture sensor were 
identified as devices warranting further testing, based mainly on the 
accuracy and consistency of the readings. These 2 sensors showed the 
least variability between the measurements (standard error = 1.47 and 
1.35, for the Delmhorst and General sensors respectively) compared with 
other devices (standard errors ranged from 2.93 to 3.93). The selected 
devices also were less affected by feather density, as demonstrated by 
the more consistent slopes between the feather densities (Delmhorst = 
0.26 to 0.46 and General = 0.30 to 1.10). Based on the results, General 
and Delmhorst sensors were selected to undergo further testing using 
live birds.

Key Words: moisture-sensing device, wetness, broiler, feather, 
transportation
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218   1. The impact of various configurations of infrared beak 
treatment equipment on two white- and two brown-egg strains 
of hens—Beak characteristics and pullet growth. C. Raginski*, 
K. Schwean-Lardner, S. Gomis, and H. L. Classen, University of 
Saskatchewan, Saskatoon, SK, Canada.

Understanding the interrelationship of laying hen strain and infrared (IR) 
beak treatment (trt) is essential for effective, and welfare appropriate, 
application of beak trt. The objective of this research was to determine 
the effect of IR beak trt on pullet growth and beak characteristics. Day-
old pullets of Hy-Line W-36 (HW), Hy-Line Brown (HB), Lohmann LSL 
(LW), and Lohmann Brown (LB) strains were exposed to 1 of 5 beak 
trts (4 IR equipment Test configurations varying in lamp power settings, 
interface plates and/or mirror type, and a sham-treated control). Chicks 
were housed from 0 to 18 wk of age in floor pens (2 pens of 50 for each 
strain × test group). Chicks were checked daily for sloughing of beak 
tissue from 9 to 24 d. Pullets were weighed at 0, 1, 2, 3, 4, 8, 12, and 
16 wk and beak length was measured at 3 and 18 wk of age. Data were 
analyzed using the General Linear Model of SAS and significance set 
at P ≤ 0.05. Mean beak sloughing initiation and completion occurred 
at 9.4 and 22.8 d of age, respectively. Hen strain affected the age (d) 
at initiation and completion of beak sloughing. No interactions were 
found. The proportion of birds that sloughed the upper or lower beak 
first was affected by the interaction of strain and test. Both strain and 
test affected body weight at 1, 2, and 3 wk, but there were no interac-
tions. At all ages, treated pullets weighed less than control birds. At 4 
wk and all ages thereafter, body weight did not differ among tests. An 
interaction was found between strain and test for beak length (end of 
nares to tip of beak) at 3 wk (Test 1: 30, 25, 27, 25% reduction of control 
length; Test 2: 44, 37, 38, 39%; Test 3: 41, 33, 36, 36%; Test 4: 39, 28, 
31, 35%) and 18 wk (Test 1: 24, 17, 19, 17%; Test 2: 38, 19, 33, 30%; 
Test 3: 35, 23, 30, 25%; Test 4: 33, 22, 28, 22%) for HLW, HLB, LW, 
and LB, respectively, with less beak shortening for brown- as compared 
with white-egg strains. In conclusion, the nature of IR trt influences beak 
sloughing and length in a strain dependent manner, but these changes 
do not affect body weight from 4 to 16 wk of age.

Key Words: beak length, pullet growth, beak sloughing, welfare, 
beak trimming

216   2. The impact of various configurations of the infrared 
beak treatment equipment on two white- and two brown-egg 
strains—Behavior. K. Schwean-Lardner*, H. L. Classen, C. 
Raginski, and S. Gomis, University of Saskatchewan, Saskatoon, SK, 
Canada.

An experiment was undertaken to determine if infrared (IR) test con-
figurations affect behavior of laying hen genotypes differently. A total 
of 100 chicks from each of the Lohmann LSL, Lohmann Brown, Hy-
Line W-36 and Hy-Line Brown genotypes were exposed to one of 5 
treatments, including 4 moderately different IR test configurations that 
varied in lamp power settings, interface plates and/or mirror type, and 
a sham-treated control group. Chicks were initially housed in groups of 
50 (2 pens for each genotype × test group) in floor pens with perches. 
At 18 wk of age, birds were moved to a conventional cage facility and 
housed in 4 reps per genotype × test group (2 cages of 6 birds each) in a 
completely randomized design until trial end at 57 wk of age. Behavior 
was monitored with direct scan sampling (1 min intervals for 10 min) 

at 1, 6, 13, 20 d and at 14, 22 and 55 wk of age. Percent of time data 
(log+1 transformed) were analyzed using the General Linear Model of 
SAS. Only minor behavioral differences were noted at 1 d of age, with 
control and Test 4 chicks preening more than Test 3 chicks. At 6 d of 
age, control and Test 2 chicks spent more time at the feeder than Test 
4, and control chicks spent more time litter pecking than those from 
Test 1 and 4. More time at the feeder persisted for control chicks at 20 
d of age as compared with Test 3 and 4, and control chicks litter pecked 
more and object pecked less than others. At 14 wk of age, intact birds 
spent more time on the perches than other birds, possibly indicative 
of fear. Untreated birds also objected pecked less than did those from 
Test 1, 2, or 3. No behavioral differences were noted at 22 wk of age, 
but at 55 wk, intact and Test 1 birds spent less time at the feeder than 
did birds from Test 2 or 3. A corresponding change occurred in time 
resting, likely to adjust for the increased feeding time. In conclusion, 
IR treatment affected behavior, possibly indicating early sensation in 
the beak and fear in floor housed untreated birds, but demonstrating 
that IR-treated birds may require longer feeding times than intact birds.

Key Words: beak trimming, behavior, fear, pain

217   3. The impact of various configurations of infrared beak 
treatment equipment on two white- and two brown-egg strains 
of hens—Performance. K. Schwean-Lardner*, H. L. Classen, C. 
Raginski, and S. Gomis, University of Saskatchewan, Saskatoon, SK, 
Canada.

In an attempt to understand if configuration of infrared (IR) beak treat-
ment (trt) affects productivity of various strains of hens, an experiment 
was conducted using 4 genotypes (Lohmann LSL, Lohmann Brown, 
Hy-Line W-36 and Hy-Line Brown). A total of 100 chicks per genotype 
were exposed to 1 of 5 beak trts at a commercial hatchery, including 4 
moderately different IR Test configurations that varied in lamp power 
settings, interface plates and/or mirror type, plus a sham-treated control 
group. Birds were housed in floor pens with perches (2 pens of 50 birds 
per genotype × test group) until 18 wk of age, then moved to a conven-
tional cage facility and housed with 4 reps per genotype × test group (2 
cages of 6 birds each) in a completely randomized design until 57 wk of 
age. Data were analyzed using the General Linear Model of SAS, with 
Duncan’s Multiple range test performing means separation when P ≤ 
0.05. At 18 wk, control birds were heavier than those treated with Tests 
2, 3, and 4. At 58 wk of age, Test 4 birds were heavier than those from 
Test 1, but control hens were no longer heavier than other birds. Feed 
intake did not differ as a result of trt. Test 3 birds produced more eggs 
than those from Test 1, whereas other test groups were intermediate in 
productivity (hen-day). Mortality was numerically higher for control 
birds (5.21%) compared with those from Test 1 (2.60%), 2 (1.56%), 3 
(0.52%), or 4 (3.13%), resulting in differences in total hen-housed egg 
production, where Test 3 birds produced more eggs than the controls. 
Feed per dozen eggs was higher for control birds than for those from 
Test 2 or 3, but feed per egg mass did not differ. Control birds produced 
heavier eggs than did Test 1 or 3 birds. No interactions were noted 
between genotype and IR Test for any productivity parameter. In conclu-
sion, moderate variations in IR configuration resulted in productivity 
differences, but the 4 genotypes reacted similarly in all Test conditions.

Key Words: beak trimming, egg production, mortality, egg weight
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219   Effects of genetics and incubation temperature profiles 
on broiler footpad skin development. A. Sarsour*, E. O. Oviedo-
Rondón, M. J. Da Costa, M. C. Diaz Ramirez, C. Bartholf, and M. J. 
Wineland, North Carolina State University, Raleigh, NC.

Footpad skin development could be important to determine susceptibility 
to footpad dermatitis (FPD). This experiment evaluated the effects of 2 
incubation temperature (INC) profiles on footpad skin development of 3 
genetic lines of broilers. Two pedigree lines with significant differences 
on FPD incidence, high (HI) and low (LO) lines, and a commercial 
cross of fast feathering broilers were evaluated. A total of 1,000 eggs 
per line were divided into 2 INC profiles to either maintain eggshell INC 
close to 38.0°C Standard (S) or have eggshell INC similar to the ones 
observed in multistage machines. This second profile low high (LH) had 
low (36.9°C) eggshell for the first 3d, and standard INC until the last 3d 
when eggs were subjected to elevated (38.9°C) eggshell INC. At hatch, 
180 chicks per treatment combination were placed in 15 pens with new 
pine wood shavings, each with 6 males and 6 females. At hatch, 14, 28, 
and 42 d of age, 1 chick per sex, 2 per pen, were sampled for footpads. 
Histological analysis assessed thickness and area of stratus corneum 
(SC), epidermis and dermis and total papillae height in footpad skin. 
Data was analyzed as a CRBD with genetics, incubation and sex as main 
factors. Results at hatch indicated reduction (P < 0.05) of SC length, 
area and papillae height for chicks from LH profile. The LO FPD inci-
dence line had a thinner dermis (P < 0.05) than commercial cross, and 
both pedigree lines had shorter papillae (P < 0.01) than the commercial 
cross. Female chicks had thicker epidermis and longer papillae height 
and width than male chicks. At 14, 28 and 42d, chickens from S INC 
profile had thicker (P < 0.05) SC, and epidermis than LH INC chickens. 
At 14 and 28d, the HI FPD incidence line had a thinner dermis than 
the other 2 lines. At 42 d, this line also had the thinnest SC, and both 
pedigree lines had smaller areas of SC and epidermis than commercial 
cross. The thinnest dermis and shortest papillae was observed on the LO 
line. It was concluded that the genetic lines also differed on footpad skin 
development, but suboptimal INC can reduce development of footpad 
skin independently of genetics.

Key Words: footpad skin development, incubation temperature, 
genetics, broilers

220   Effects of genetics and incubation temperature profiles 
on broiler performance. A. Sarsour*, E. O. Oviedo-Rondón, M. J. 
Da Costa, M. C. Diaz Ramirez, and M. J. Wineland, North Carolina 
State University, Raleigh, NC.

Suboptimal incubation can negatively affect broiler performance. 
This experiment was conducted to evaluate the effects of 2 incubation 
temperature (INC) profiles on broiler performance of 3 genetic lines 
of broilers. Two pedigree lines with significant differences in footpad 
dermatitis incidence, high (HI) and low (LO) lines, and a commercial 
cross of fast feathering broilers were evaluated. A total of 1,000 eggs 
per line were divided into 2 INC profiles to either maintain eggshell INC 
close to 38.0°C Standard (S) or have eggshell INC similar to the ones 
observed in multistage machines. This second profile low high (LH) 
had low (36.9°C) eggshell for the first 3d, and S INC until the last 3d 
when eggs were subjected to elevated (38.9°C) eggshell INC. At hatch, 
180 chicks per treatment combination were placed in 15 pens with new 
pine wood shavings, each with 6 males and 6 females. Chickens were 
fed starter (0–14 d), grower (15–35 d) and finisher (36–42 d) diets. BW 
gain (BWG), feed intake (FI) and FCR were evaluated at the end of each 
dietary phase. Data was analyzed as a CRBD with genetics, incubation 

and sex as main factors. Egg weight was not different among treatments. 
However, at hatch, chicks from the LO line (47.5 g) were heavier (P < 
0.001) than HI line chicks (45.5 g), and both were heavier than com-
mercial cross chicks (42.4 g). But, this effect reversed at 14, 28 and 35 
d, commercial cross weighed more than LO line, and they were heavier 
than HI line. At hatch, chicks from the LH profile had higher BW (P < 
0.001), but their FI was lower (P < 0.05) up to 35 d, and gain less BW 
(P < 0.05) during the whole life than S INC chickens. FCR 0–42 d was 
worse (1.74) for the HI line (P < 0.01) than for the LO line (1.67) and 
the commercial line was intermediate (1.71). Chickens from the S INC 
had better FCR (1.50) than those from the LH profile (1.53) until 28 d of 
age (P < 0.01), but there was no difference at 42d. It was concluded that 
the genetic lines also differed on live performance and higher incidence 
of footpad dermatitis is related to lower live performance. However, 
suboptimal INC negatively affected BWG, FI, and FCR.

Key Words: genetics, footpad dermatitis, incubation temperature, 
broiler, live performance

221   Evaluation of combined effects of a pre-placement nutri-
tion supplement and a probiotic on Salmonella Enteritidis, 
intestinal morphology, and performance of broiler chickens. 
A. D. Wolfenden*1, A. Biloni2, C. F. Quintana2, A. Menconi1, G. 
Kallapura1, J. Latorre1, C. Pixley3, S. Layton4, M. Dalmagro4, X. 
Hernandez-Velasco5, B. M. Hargis1, and G. Tellez1, 1University of 
Arkansas, Fayetteville, AR 2Universidad Nacional del Nordeste, 
Corrientes Argentina, 3Pacific Vet Group USA Inc., Fayetteville, AR, 
4Vetanco, Buenos Aires, Argentina, 5Universidad Nacional Autonoma 
de Mexico, Mexico City, Mexico.

A post-hatch fasting period of 24 h and greater is not uncommon 
in commercial poultry. This delay in start of feed intake has been 
reported to negatively affect yolk utilization, gastrointestinal develop-
ment, slaughter weight, breast yield, performance, and to also depress 
immunological development, making the birds more susceptible to 
infection from pathogens such as Salmonella. In the present study, we 
evaluated the effects of a combination of early feeding with probiotic 
supplementation on morphological development of mucosa, control 
of Salmonella, and overall performance in broiler chickens. We used 
a blend of a commercially available neonatal supplement, Earlybird 
(EB) and a well-documented probiotic supplement, FloraMax B-11 
(FM), to evaluate the effects on gut morphology, Salmonella intestinal 
colonization and horizontal transmission, along with effects on BW and 
related performance in broiler chickens under simulated commercial 
hatching management and shipping conditions. Morphometric analysis 
revealed increased villus height, villus width, villus to crypt ratio and 
villus surface area index in chickens treated with EB+FM. Significant 
(P < 0.05) reductions in Salmonella recovery, incidence, and horizontal 
transmission were also observed among the same groups (Control: 65%; 
EB+FM 20%) suggesting beneficial effects of early feeding and com-
petitive exclusion by probiotic bacteria. Improved gut morphology and 
Salmonella exclusion was supported by BW data with lower (P < 0.05) 
early BW loss (30% less) and overall BW gains (125% more) in birds 
treated with EB+FM as compared with controls. The results of this study 
demonstrated the combination of EB and FM improved gut morphology, 
reduced the amount of Salmonella recovered, as well as improved BW 
when compared with controls and each product individually.

Key Words: early feeding, Salmonella Enteritidis, broiler, gut mor-
phology, performance
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222   Evaluation of water-based foam depopulation equipment 
as a disinfectant carrier and distribution method for inactivating 
Newcastle disease virus and Salmonella in a small-scale poultry 
house. R. L. Alphin, E. R. Benson*, R. D. Joerger, A. G. Rogers, 
E. M. Pritchett, and D. P. Hougentogler, University of Delaware, 
Newark, DE.

This study evaluated the efficacy of citric acid and peroxygen to inac-
tivate Newcastle disease virus (NDV) and a cocktail of 3 Salmonella 
serovars on coupons placed in a small-scale poultry house. Treatments 
included 3% citric acid liquid, 3% citric acid in 1% water-based foam, 
1% peroxygen liquid, and 1% peroxygen in foam. Bacteria or virus 
suspensions were pipetted onto galvanized steel coupons and allowed to 
dry. Six stands with a platform with magnetic tape, located 0.31 m above 
the floor provided the locations for horizontal and vertical placement of 
the coupons. Liquids were applied using sprayer nozzle and foams were 
applied at a 1:85 expansion ratio. Surviving viruses or bacteria were 
recovered by washes with BD Neutralizing Broth. Virus inactivation was 
determined by inoculating embryonated eggs with coupon wash fluids 
and testing for the presence of virus using hemagglutination (HA) test-
ing. Bacteria inactivation was determined by plating coupon wash fluids 
onto XLD agar. Salmonella counts were reduced by > 4.93 log units by 
all treatments, except those involving vertical coupons exposed to liquid 
peroxygen or citric acid (1.66 and 2.88 log reductions, respectively) and 
to citric acid in foam (3.58 log reduction). For the antimicrobials to be 
considered effective at inactivating NDV, the positive control should 
be ≥ 104.0 EID50/mL (actual 105.4) and the recovered virus ≤101.2 and 
no positive HA. The citric acid liquid and foam did not inactivate the 
NDV on vertical or horizontal coupons. The peroxygen liquid was only 
effective on one set of horizontal coupons while the peroxygen in foam 
was effective on both sets of horizontal coupons and one set of vertical 
coupons. Treatments on horizontal surfaces were more effective than 
treatments on vertical surfaces. Foams tended to be more effective than 
liquid applications. Future testing will involve higher concentrations of 
the antimicrobials.

Key Words: depopulation, disinfection, Salmonella, NDV, foam

223   Effects of chronic heat stress on respiratory tract microbi-
ome of broilers fed dietary probiotic and prebiotic. M. U. Sohail*2 
and M. E. Hume1, 1Southern Plains Agricultural Research Center, 
Food and Feed Safety Research Unit, College Station, TX, 2Govern-
ment College University, Faisalabad, Pakistan.

Respiratory tract (RT) microbiome has never been studied before in 
poultry, even though it is important for monitoring host health, pathol-
ogy, disease surveillance, and zoonosis. The present study was conducted 
to explore RT microbiome of heat-stressed (HS) broilers fed dietary 
prebiotic and probiotic. Four hundred and fifty day-old chicks were 
divided into 5 groups. The thermoneutral group (TN) was kept at 26 ± 
2°C and fed corn-soybean diet (CSD). The HS (35 ± 2°C) groups were 
fed the CSD (HS), supplemented with 0.5% mannan-oligosaccharide 
(MOS), 0.1% probiotic mixture (PM), and synbiotic (SYN). Samples 
were collected from RT on d 42 and DNA was extracted. Sample DNA 
was amplified using universal bacterial primers to target V3 regions of 
16S rDNA gene and was run on denaturing gradient gel electrophore-
sis (DGGE) for fingerprint analysis. To identify bacteria, 16S rDNA 
sequences were denoised, assembled into clusters, and queried using 
QIIME 1.7 genome assembler. The DGGE dendrogram represented 
no significant differences (%SC ≥79%) in microbial communities of 
different treatment groups. Pyrosequencing yielded approximately 
16,692 to 44,549 sequences in different groups, representing 9 phyla, 
17 classes, 34 orders, 85 families, and 195 genera. Firmicutes, Actino-

bacteria, and Bacteroidetes were the most dominant phyla found in the 
RT. Principal coordinate analysis revealed that all treatment groups were 
different from each other (ANOSIM, P = 0.85). Lactobacillus count was 
numerically higher in the HS groups compared with the TN. Numerical 
counts of pathogens (Staphylococcus, Streptococcus, Corynebacte-
rium, Anaerococcus, Micrococcus, and Pseudomonas) were higher in 
the TN group compared with all the HS groups. Among different HS 
groups, Lactobacillus count was higher in HS group compared with the 
supplemented groups. In-conclusion, pyrosequencing is better tool for 
exploring microbial diversity compared with DGGE. Supplementations 
of MOS, PM, and SYN has no positive effect on abundance of certain 
beneficial bacteria. Heat-stress doesn’t increase numerical abundance 
of certain pathogens.

Key Words: avian, respiratory tract, bacterial community, pyrose-
quencing, heat stress

224   Comparison of water lines and water troughs in a com-
mercial setting for grow-out Pekin ducks. G. S. Fraley*1, A. 
N. Schenk1, A. Meelker1, A. L. Porter1, C. Campbell1, and S. M. 
Fraley1,2, 1Hope College, Holland, MI, 2South Crossing Veterinary 
Center, Caledonia, MI.

Controversy has developed over the last few years as to whether or not 
water nipple lines or water troughs are more appropriate for Pekin ducks 
in grow out commercial barns. We hypothesized that water troughs 
would show improved duck body condition and environmental quality 
compared with water lines. To test this hypothesis, we housed ducks in 
2 barns, one with water lines and one with water troughs. Water troughs 
were constructed to meet RSPCA guidelines for number and density of 
ducks and with recently described verandas. Ducks were divided into 4 
pens per barn (n = 1000 ducks/pen). The study was then repeated (n = 8 
pens per water source). We scored the ducks’ body condition 3× during 
the study using an established scoring rubric and analyzed using SAS 
Proc GLM-Mix as binomial data. For all data analyses, a P < 0.05 was 
considered significant. Beginning at 28 d of age, ducks housed with water 
troughs showed significantly (P < 0.001) higher (thus worse condition) 
scores for eyes, nostrils, feather quality and cleanliness, and for foot 
pads. We also tested the water condition, quality and duck mortality using 
a Student’s t-test for both water sources each week. We found that the 
water troughs showed significantly higher iron (P < 0.001, nitrites (P 
< 0.001), pH (P < 0.01), and bacterial growth (P < 0.001). The bacte-
rial growth was shown to have significantly (P < 0.001) higher E. coli, 
coliforms, and staphylococci in the water troughs. Water lines typically 
showed no active bacterial growth. Ducks housed with water troughs 
also used significantly greater (P < 0.01) volumes of water compared 
with ducks housed with water lines. Ducks with water troughs also 
showed significantly (P < 0.001) greater mortality at all ages compared 
with ducks with water lines. These data suggest that water troughs may 
not be beneficial for ducks’ health, nor for the environmental impact or 
potential food safety compared with water lines.

Key Words: environmental impact, duck well-being, duck manage-
ment, duck health, water access

225   Precision broiler breeder feeding for stable metabolism 
and high flock uniformity. M. J. Zuidhof*, A. G. C. DesLauriers, I. 
I. Wenger, C. J. Bench, C. O. Ouellette, and T. Gilmet, University of 
Alberta, Edmonton, AB, Canada.

With growing disparity between broiler growth potential and broiler 
breeder target body weight (BW), the hatching egg industry’s biggest 
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management challenge is BW uniformity. Birds in uniform metabolic 
states respond to feed and light uniformly and produce more chicks. A 
study was conducted to determine the ability of a precision feeding (PF) 
system to achieve high uniformity around a target BW using real-time 
BW information to allocate feed to individual birds. There were 2 target 
BW treatments: control (CON), where a breeder-recommended target 
BW was interpolated and updated hourly, and frog feeding (FROG), 
where the target BW was updated once every 21 d, which simulated 
commercial situations where feed allocation decisions are sporadic 
or imprecise. The PF system allowed a single bird to enter a feeding 
station. Individual BW was measured on each visit to the station, and 
feed provided only if the bird was less than the target BW. The study 
was conducted with 20 free run Ross 308 broiler breeder pullets from 
5 to 20 wk of age. Because the BW treatment was applied to individual 
birds and birds were fed individually, each bird was an experimental 
unit. Total feed intake was recorded for every bird. A nonlinear mixed 
model was used to estimate maintenance ME requirements of individual 
pullets. The ME requirement for maintenance was 82.2 kcal/kg0.67. The 
ME requirement for gain was 4.2 kcal/g; when animals lost weight the 
estimated ME returned to the system was 1.5 kcal/g. Analysis of residu-
als showed that overall efficiency was similar, but efficiency differed 
temporally between treatments (P = 0.005). Total ME intake (average 
of 158 kcal/d) did not differ between treatments, but average daily ME 
intake differed significantly between treatments over time (P < 0.0001). 
Cumulative feed conversion ratio did not differ between treatments. The 
coefficient of variation (CV) in weekly ME intake over the period from 
6 to 20 wk was 43% in the FROG treatment, compared with 21% in the 
CON treatment. On d 140, BW CV was less than 2% in both treatments. 
The PF system was able to control growth uniformly by managing feed 
allocation to individual birds.

Key Words: precision livestock farming, metabolic rate, broiler 
breeders, energy, uniformity

226   Free access to feed reduces the antioxidative capacity in 
broilers raised at high altitudes. L. T. Rodríguez-Ortega1, E. Sosa-
Montes2, A. Pro-Martínez1, C. A. Ruiz-Feria*3, J. Bautista-Ortega4, 
A. J. Vargas-Galicia1, D. Chan-Díaz5, and P. Pérez-Hernández4, 
1Colegio de Postgraduados, Campus Montecillo, México State, 
México, 2Universidad Autónoma Chapingo, Texcoco, México, 3Texas 
A&M University, College Station, TX, 4Colegio de Postgraduado 
Campus Campeche, Champoton, México, 5Trouw Nutrition, Zapopan, 
Jalisco, México.

The effects of surgical unilateral primary bronchus occlusion (BO, d 21), 
and feed restriction (FR, feed offered 12 h/d), on the antioxidant capacity 
of internal organs and on ascites-related parameters were evaluated in 
broiler chickens (n = 80) raised at 2,250 m above sea level. Birds were 
randomly allocated to 1 of 4 treatments: T1, BO and FR; T2, BO with-
out FR; T3, without BO and FR; or T4, neither BO nor FR. Hematocrit 
(%Hct) was measured at d 31 (10 birds/treatment), and at d 37 birds 
(10/treatment) were humanely killed, the right ventricular weight/total 
ventricular weight ratio was calculated (RV/TV), and samples of the 
liver, lung and heart were stored at −46°C until assayed for antioxidant 
capacity (% inhibition of the 2,2-difenil-1picrilhidrazil radical in vitro). 
The antioxidant activity was consistently higher in the heart (78.3 ± 
0.6), lung (63.6 ± 0.6), and liver (83.2 ± 0.8) of birds in T3, and lower 
in the heart (43.6 ± 0.6) and lung (31.1 ± 0.6) of birds in T4, and in the 
liver (43.3 ± 0.8) of birds in T2. The %Hct was lower in T3 birds (33.1 
± 1.4) than in T1 (45.1 ± 1.4) or T2 (42.2 ± 1.4) birds. The RV:TV ratio 
was lowest in T3 birds (0.22 ± 0.02) with no difference among the other 
treatments (0.30, 0.33, and 0.33 ± 0.02 for T1, T2, and T4, respectively). 
As expected, ascites mortality was highest in T2-birds (52%), followed 
by birds in T4 (29%), T1 (18%), and T3 (5%). Thus, full-fed broilers 
grown at high altitudes have a deficient antioxidant capacity that is 
restored by feed restriction, and further hypoxia (through BO) does 
not further reduce antioxidant capacity, but increases ascites mortality. 
Broiler chickens grown at high altitudes may benefit with high levels 
of antioxidant supplementation.

Key Words: primary bronchus occlusion, hypoxia, ascites syndrome, 
feed restriction
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227   Effects of different probiotic application methods and diet 
types on performance, carcass characteristics, serum lipids, jeju-
nal histomorphology, cecal microflora population and immune 
responses in broiler chickens. M. Shivazad*, M. H. Mohammadi 
Ghasem Abadi, M. Riahi, A. Zali, and M. Adib Moradi, University of 
Tehran, Tehran, Iran.

This study was conducted to assess the effects of different short-term 
water-soluble probiotic application methods (PAM), by a probiotic 
containing Enterococcus faecium, to reduce probiotic application cost 
with 2 types of diet (TOD) on performance, carcass characteristics, 
serum lipids, jejunal histomorphology, cecal microflora population and 
immune responses in broiler chickens. Five hundred sixty day-old male 
Ross 308 chicks were randomly distributed in a completely randomized 
design with 4 × 2 factorial arrangement consisting of probiotic spray 
in hatchery (PSH), the first 3 d probiotic application via drinking water 
(TW), PSH plus the first 3 d probiotic application via drinking water 
(PSH+TW) and a negative control, each with 2 TOD (corn or wheat-
based diet). Each of the 8 treatments was fed to 5 replicates (14 birds/
pen) from 0 to 42 d of age based on 3 phases of feeding (starter 0–10 
d, grower 11–24 d, and finisher 25–42 d). The results indicate that the 
performance of starter and grower period were significantly improved 
(P < 0.05) by corn and wheat based diet, respectively. Although PSH 
improved broiler BW gain (BWG) in the grower period (P < 0.05), it did 
not improve final BWG. The PSH+TW treatment had negatively signifi-
cant effect (P < 0.05) on final BWG. Corn based diet had a significantly 
positive effect (P < 0.05) on carcass characteristics, whereas PAM did 
not. PAM and wheat-based diet had a significant effect (P < 0.05) on 
reduction of serum cholesterol and HDL at 42 d of age, respectively. 
Corn-based diet and PAM significantly (P < 0.05) reduced jejunal epithe-
lium thickness and goblet cell number at 44 d of age. Wheat-based diet 
had significantly (P < 0.05) higher number of cecal E. coli population 
at 44 d of age. Neither TOD nor PAM had any significant effects (P > 
0.05) on immune responses at different periods of age. These results 
suggest that TOD had no significant effect on final BW but influenced 
carcass characteristics. In conclusion, short-term probiotic application 
method is not recommended for this probiotic. 

Key Words: broiler, diet type, probiotic

228   Response of broiler breeders and their progeny to dietary 
nucleotide supplementation. M. A. Bonato*1, R. L. C. Barbalho1, R. 
Albuquerque2, R. J. G. Pereira2, C. S. S. Araújo2, and L. F. Araújo3, 
1ICC Brazil, São Paulo, São Paulo, Brazil, 2Faculdade de Medicina 
Veterinária e Zootecnia, Universidade de São Paulo, Pirassununga, 
São Paulo, Brazil, 3Faculdade de Zootecnia e Engenharia de Alimen-
tos, Universidade de São Paulo, Pirassununga, São Paulo, Brazil.

Two trials were conducted to evaluate the effect of the dietary supple-
mentation of free nucleotides, from a yeast source, on performance 
of broiler breeders and their progeny. The first trial, 80 Cobb broiler 
breeders were distributed in a completely randomized design (CRD), 
with 2 treatments; 0 and 5 kg/MT of yeast product, equivalent to 0.3 
kg/MT of free nucleotides, from 25 to 45 wk of age. Each treatment 
consisted of 10 replicates, 4 breeders each. Breeders were inseminated 
at 35 and 45 wk of age. Eggs were collected from d 3 through d 10 
post-insemination and then incubated. Egg production (EP%), egg 
fertility (EF%), hatchability of incubated eggs (HIE%), and fertile eggs 
(HFE%), total embryonic mortality (TEM%), and chick weight (CW, 

g) were evaluated. In the second trial, 240 male chicks were distributed 
in CRD in a factorial arrangement 2 × 2 (progeny derived from broiler 
breeders which were supplemented or not, and progeny supplemented 
or not, at 5 kg/MT of yeast product), resulting in 4 treatments with 5 
replicates, 12 birds each. Study criteria included BWG, FI, and F/G at 
42 d. Data were analyzed using the GLM (SAS) and means compared 
by Tukey (P = 0.05). Nucleotide supplementation of the breeder diet 
improved (P < 0.05) EP (2.6 and 2.9%), EF (2.5 and 2%), HIE (6.7 and 
2.6%), HFE (9 and 6.9%), TEM (36.5 and 34.5%) and CW (2.2 and 
4.4%), respectively for hens from 25 to 35 and 36 to 45 wk. There was 
no interaction (P > 0.05) between breeders and offspring supplementa-
tion, for either breeder age. Offspring from 35 and 45 wk old breeders 
fed nucleotide-added diets had better (P < 0.05) BWG (2.7 vs. 2.6 and 
2.86 vs 2.73 kg) and F/G (1.71 vs. 1.91 and 1.66 vs. 1.74), respectively 
versus chicks from unsupplemented hens. The supplemented offspring 
groups had better (P < 0.05) F/G (1.75 vs. 1.86 and 1.67 vs. 1.73) 
compared with nonsupplemented broilers from 35 and 45 wk breeders, 
respectively. This study demonstrated that nucleotide supplementation of 
broiler breeder increased the number of live chicks by 13%, on average, 
and had a positive carryover effect on the progeny’s performance for 
BWG (+4.3%, on average) and F/G (+9.5%, on average).

Key Words: egg production, broiler, feed conversion, yeast

229   The effects of Varium on broilers challenged to induce 
necrotic enteritis. S. Ching*1, F. Chi1, S. L. Johnston1, G. R. Goss1, 
B. S. Lumpkins2, G. F. Mathis2, and R. L. Cravens1, 1Amlan Interna-
tional, Chicago, IL, 2Southern Poultry Research, Athens, GA.

Three hundred twenty day-old chicks (Cobb × Cobb) were used in an 
experiment to evaluate the effects of products on growth performance, 
lesion scores, and mortality of broilers when challenged to induce 
necrotic enteritis. Tested products were Varium (V), a precursor to the 
Varium (PV) formula, and virginiamycin (VM). There were 5 treat-
ments: (1) Control (C); (2) C challenged to induce necrotic enteritis 
(NE); (3) C + PV at 0.25%; (4) C + V at 0.25%; and (5) C + VM at 20 
g/ton. There were 8 pens of chicks per treatment with 8 chicks in each 
pen. Data were analyzed using the Student’s t-test using P < 0.05 to 
indicate significant difference. Chicks had ad libitum access to feed and 
water. On d 14 of the 28-d experiment, all birds were orally challenged 
with ~5,000 oocysts of Eimeria maxima. On d 19, 20, and 21, all birds, 
except those on treatment 1, were given a broth culture of Clostridium 
perfringens 108 cfu/mL isolated from a clinical case of necrotic enteritis 
that produces both α and Net B toxins. Weights of birds and feed were 
taken on d 14 and 28 for calculation of gain and feed conversion. Three 
birds per pen were euthanized on d 21 for intestinal lesion scoring (scale 
= 0 to 3), and mortality due to necrotic enteritis was noted. Adding 
Varium or virginiamycin improved weight gain relative to the necrotic 
enteritis control for d 14 to 28, with Varium increasing gain for the entire 
feeding period. Both Varium formulas or virginiamycin improved feed 
conversion relative to the necrotic enteritis infected control. Adding 
Varium decreased lesion scores relative to the necrotic enteritis control. 
Varium decreased mortality relative to the necrotic enteritis control and 
was equal to the virginiamycin. Therefore, adding Varium to diets for 
broiler chicks decreased the effects of a necrotic enteritis challenge.

Key Words: necrotic enteritis, Clostridium perfringens, Eimeria 
maxima
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230   Effects of dietary supplementation of a yeast product 
in broiler chickens challenged with Clostridium perfringens. D. 
Toole, G. Page, M. Yegani*, and E. McMillan, Nutreco Canada, 
Guelph, ON, Canada.

Dietary addition of probiotic/prebiotic yeast products derived from 
Saccharomyces cerevisiae can have beneficial effects on gut health in 
poultry. It has been suggested that reducing toxin production by Clos-
tridium perfringens (CP) might be a key mode of action, although there 
is limited published information available. The objective of this study 
was to investigate if addition of a commercial source of Saccharomyces 
cerevisiae could improve broiler performance when challenged with 
CP in a necrotic enteritis (NE) disease model. Ross 308 male broiler 
chicks (1,024) were assigned to 64 pens (16 birds/pen) in a completely 
randomized block design with a factorial arrangement of 2 levels of 
yeast product (0 or 100 ppm) and 4 challenge conditions (no challenge 
or challenge on d 14 with 1 of 3 strains of CP varying in virulence) in 
a 23-d study. Addition of yeast product increased d 14 body weight 
(+2.5%, P = 0.006) in pre-challenge period. Birds fed 100 ppm of 
the product were heavier at d 23 (+3%, P = 0.032) compared with the 
non-supplemented group. The effect of CP strain on d 23 body weight 
was also significant as challenged birds were lighter compared with 
non-challenged ones (P = 0.0001). Addition of yeast product had no 
significant effects (P > 0.05) on average daily gain and feed conver-
sion ratio during d 14 to 23; however, the effect of CP strain on these 
variables was significant (P = 0.0001). There was no significant effect 
(P > 0.05) of yeast product on NE-related mortality, NE lesion scores 
or ileal CP counts, although it reduced total mortality (P = 0.045). The 
effect of CP strain on all these variables were significant (P = 0.0001). 
There was no significant interaction effect between yeast product and 
CP strain on any measured variable. The present results suggest that 
yeast product had beneficial effects in non-challenged birds, warranting 
further investigation.

Key Words: necrotic enteritis, Clostridium perfringens, yeast, Sac-
charomyces cerevisiae, broiler chicken

231   Effect of a feed additive containing mixed enzymes and 
direct fed microbial combination on performance of turkeys. 
Y. Dersjant-Li*1, R. D. Malheiros2, A. A. Ayoola2, S. Allan1, L. F. 
Romero1, A. Awati1, and P. R. Ferket2, 1Danisco Animal Nutrition/
Dupont, Marlborough, United Kingdom, 2North Carolina State Uni-
versity, Raleigh, NC.

This study determined the response of turkeys supplemented with a 
feed additive containing mixed enzymes (xylanase, amylase, and pro-
tease) and direct-fed microbial (DFM, containing 3 Bacillus strains). 
Three treatments were tested using day-old Hybrid Converter poults in 
a completely randomized design with 6 replications per treatment (18 
poults/pen). Treatments were a positive control (PC), a negative control 
(NC, with reduction of 100 kcal ME/kg) and NC+ additive (test). Diets 
were based on corn/soy/DDGS (6%) containing 500FTU/kg phytase, fed 
in crumbles or pellet form at ad libitum in 4 phases: 1–28 d, 29–42 d, 
43–56 d, and 57–84 d. Body weight and feed intake (FI) were measured 
per phase. Treatment means were compared using Student’s t-test. The 
feed additive significantly improved body weight gain (BWG) during 
d 1 to 28, reduced feed conversion ratio (FCR) and calorie conversion 
(CC, kcal/kg of BWG) during 1–28 d and 57–84 d compared with NC 
and not different from PC. Overall, 84-d data showed that the test group 
was 115 g heavier in BWG, and exhibited 6 points lower FCR (P = 0.09) 
and 200 kcal lower energy consumed per kg BWG (P = 0.09) compared 
with NC (Table 1). In conclusion, supplementation of the additive con-

taining mixed enzymes and DFM improved feed and energy utilization 
efficiency in turkeys during 84 d of feeding.

Table 1. Effect of a feed additive containing mixed enzymes and DFM on per-
formance of turkeys

Period/trait PC NC Test
1–28 d    
 BWG, g 870c 914b 934a

 FI, g 1,333b 1,483a 1,470a

 FCR 1.53b 1.62a 1.57b

 CC, kcal/kg of BWG 4,455ab 4,555a 4,417b

5–84 d    
 BWG, g 3,572 3,487 3,700

 FI, g 9,491b 10,010a 9,575ab

 FCR 2.66ab 2.89a 2.60b

 CC, kcal/kg of BWG 8,455ab 8,891a 7,985b

1–84 d    
 BWG, g 7,377 7,322 7,437

 FI, g 15,797b 16,499a 16,275ab

 FCR 2.14b 2.25a 2.19ab

 CC, kcal/kg of BWG 6,663AB 6,784A 6,584B

Values not sharing a common superscript differ significantly (a–c; P < 0.05) or 
almost significantly (A–C; P < 0.10).

Key Words: turkey, growth performance, enzyme, DFM, feed 
efficiency

232   Prebiotics and probiotics used alone or in combination 
and effects on pullet growth, and intestinal microbiome. D. 
Didde*, B. A. Kreifels, S. E. Purdum, K. A. Hanford, and S. C. Fer-
nando, University of Nebraska, Lincoln, NE.

A study was conducted examining the effects of prebiotics, probiotics 
separately and in combination on growth parameters, fecal and cecal 
microbiota. Six dietary treatments consisted of (1) control; (2) control + 
1 × 109 cfu/kg of feed Pediococcus acidilactici; (3) control + 2 × 109 cfu/
kg of feed live yeast (Saccharomyces cerevisiae); (4) control + 0.91 kg/
ton MOS; (5) control + 1 × 109 cfu/kg of feed Pediococcus acidilactici 
and + 0.91 kg/ton MOS; and (6) control + 2 × 109 cfu/kg of feed live 
Saccharomyces cerevisiae + 0.91 kg/ton MOS. During the brooder phase 
(0–4 wk), 600 Bovan white pullet chicks were randomly assigned to 60 
pens. At 5 wks of age, pullets were moved to 36 grower pens with 10 
chicks per pen. At 17 wk, all pullet chicks were moved to a tiered layer 
unit with 4 layers per pen. Measurements included feed intake (biweekly 
until 4 wks of age, then weekly), weekly egg production starting at 19 
wk, biweekly body wt, body wt gain and FCR were calculated. Microbial 
sampling was as follows: fecal Salmonella Enteritidis (SE) prevalence 
testing at wk 15, 19, and 22 of age. Fecal and cecal Escherichia coli, 
Enterobacteriaceae, and coliform testing was conducted at 12, 16, 20, 
and 22 wk of age and Salmonella counts were determined at 16, 20, and 
22 wk of age. Body wt gain tended to be higher (P ≤ 0.085), with 1 × 
109 cfu/kg Pediococcus acidilactici (0–4 wk). Control rations tended 
to have higher feed intake from 11 to 13 wk of age (P ≤ 0.094). There 
were not significant differences between treatments for SE prevalence, 
E. coli, coliform, Enterobacteriaceae or Salmonella fecal counts. Cecal 
E. coli and coliform counts were not affected by treatment. There was a 
significant treatment by time effect for Enterobacteriaceae cecal counts 
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(P ≤ 0.051). Enterobacteriaceae counts spiked at 16 wk of age and 
decreased through the study for all treatments, except for MOS. There 
were trends of improved performance, but no difference on pathogenic 
bacteria populations.

Key Words: prebiotic, probiotic, pullet, growth, bacteria

233   The use of GalliPro to improve broiler performance in 
protein-reduced diets. D. Harrington*1, E. Scott-Baird2, and A. B. 
Kehlet1, 1Chr. Hansen A/S, Hørsholm, Denmark, 2ADAS Drayton, 
Stratford upon Avon, United Kingdom.

The global poultry industry is under constant pressure to manage pro-
duction including feed cost and feed efficiency and evaluate chemical 
alternatives. Alternatives such as probiotics have been used successfully 
in commercial poultry production globally. GalliPro, a unique strain of 
Bacillus subtilis, exhibits increased protease activity compared with 
other commercially available probiotics and may confer benefits of 
increased nutrient digestibility in addition to other probiotic effects. A 
study was conducted to evaluate the effect of GalliPro on broiler per-
formance fed diets with reduced protein levels reared for 42 d. A total 
of 552 birds (Ross 308) were allocated to 6 treatments and fed standard 
wheat/barley/soy-based rations with average reducing predicted digest-
ible protein (DP) levels: (T1) 100% of included DP; (T2) 100% DP + 
GalliPro (8.0 × 105 cfu/g feed) (GP); (T3) 97.27% DP; (T4) 97.57% 
DP+GP; (T5) 97.91% DP+GP; and (T6) 98.70% DP. At 7 d used litter 
from a commercial poultry farm was introduced to all pens to provide a 
low bacterial and coccidial challenge. At 28 d, birds in T6 did not differ 
significantly in weight compared with T1 and T2. By d 42, birds in T2 
were significantly heavier than all others (3.00 kg), while birds in T1 
and T6 were not significantly different (2.82 and 2.83 kg, respectively) 
but significantly heavier than T3–5. Birds in T2 had the lowest FCR 
(1.59) although this was not significantly different from T1 (1.66) and 
T6 (1.64). Mortality did not differ significantly between treatments, 
although T2, T3 and T6 were lower than T1 (2.22, 2.22, 3.11 and 4.33%, 
respectively). On d 43, litter quality score was better in T3–6 compared 
with T1 and T2. EPEF was highest in T2 followed by T6 (440 and 397, 
respectively). This study demonstrates that the supplementation of feed 
with GalliPro can compensate bird performance when diets are reduced 
in digestible protein by 1.51% with a concurrent improvement in litter 
quality, most likely by improving diet digestibility. GalliPro can also 
improve the performance of birds on standard diets.

Key Words: Bacillus subtilis, protein, broiler, performance

234   The use of GalliPro to improve broiler performance 
in energy-reduced diets. A. B. Kehlet*1, L. M. da Silva2, S. C. 
Salguero2, L. F. Albino2, H. S. Rostagno2, and D. Harrington1, 1Chr. 
Hansen A/S, Hørsholm, Denmark, 2Universidade Federal de Viçosa, 
Viçosa, Brazil.

Feed accounts for approximately 70% of the cost of broiler production. 
There is an ongoing need to improve feed efficiency as well as look 
for alternative ingredients and reduce the reliance on chemical growth 
promotion. Probiotics, such as the Bacillus subtilis based GalliPro is 
used successfully in commercial poultry production globally. GalliPro 
exhibits increased enzyme activity compared with many commercially 
available probiotics and may confer benefits of increased nutrient digest-
ibility. A study was conducted to evaluate the effect of GalliPro on the 
performance of broilers fed diets with reduced metabolizable energy 
levels. A total of 1,760 birds (Cobb 500) were allocated to 8 treatments 
(10 replicates/treatment) and reared for 40 d on reused bedding. Birds 

were fed a corn-soy-based basal ration with 4 metabolizable energy 
(ME levels) where 100% ME = (3,075–3,200) kcal/kg and with/without 
GalliPro (GP) (8.0 × 105 cfu/g feed) as follows: (T1) 100% ME; (T2) 
98% ME; (T3) 96% ME; (T4) 94% ME; (T5) 100% ME+GP; (T6) 
98% ME+GP; (T7) 96% ME+GP; and (T8) 94% ME+GP. Data were 
subject to ANOVA, and standard curve and linear equation procedures 
were used to estimate the average ME contribution of GalliPro. By d 42, 
birds fed GP irrespective of energy level were significantly heavier than 
controls (2.57 and 2.61 kg, respectively). FCR did not differ significantly 
overall between GP and controls (1.71 and 1.72, respectively) nor did 
mortality (2.05 and 2.27%, respectively). Within energy level, perfor-
mance with Gallipro supplementation was always numerically but not 
significantly improved. Liveweight of T5, T6, and T7 was numerically 
higher than T1. The estimated ME contribution of GP was +36 kcal/kg 
feed. In conclusion, GalliPro can significantly improve liveweight in 
broilers. In addition, GalliPro can contribute an estimate +36 kcal/kg 
feed. This has implications for the use of bacilli in poultry production 
for both their probiotic effects and their potential to offer flexibility in 
feed formulation.

Key Words: Bacillus subtilis, energy, broiler, performance

235   Effect of two marigold-based yellow pigments on chicken 
pigmentation. M. Blanch*1, R. Gonzalez-Esquerra1, M. Vazquez-
Anon1, and C. Lopez-Coello2, 1Novus International Inc., St Charles, 
MO, 2FMVZ-UNAM, Mexico.

Skin pigmentation is a key factor in poultry meat consumer acceptance 
and perceived quality and it is influenced by xanthophylls added in the 
diet. Xamacol Liquid Max (XLM) is the new generation of marigold 
liquid products developed by Novus Int. (Missouri). The objective of this 
study was to compare the pigmenting efficiency of XLM with a major 
commercial marigold product high in zeaxanthin (COM) in broilers. A 
total of 2,800 Ross 308 1 d-old unsexed broilers were used until 45 d 
of age. A basal sorghum/soya commercial diet was used comprising 3 
phases: starter (1–21 d, no pigments), grower (22–35 d, 75 ppm yellow 
+ 1 ppm canthaxanthin) and finisher (36–45 d, 85 ppm yellow + 2 ppm 
canthaxanthin). There were 8 treatments: 2 products (XLM and COM) at 
3 equimolar levels of yellow pigment (75, 85 and 100%, with respect to 
Mexican commercial practice) plus 2 negative controls (with and without 
additional red pigment). Each treatment had 7 replicates of 50 birds/pen. 
Skin color was evaluated at pectoral pterilium area of 8 birds per pen (4 
males and 4 females) at 45 d in live birds and in cold carcasses using 
a Minolta CR-300 Spectrophotometer. Data were analyzed by 1-way 
ANOVA and 2 × 3 factorial design. In vivo measurements showed higher 
yellowness (CIE b*) in XLM group compared with COM in males (24.4 
vs 21.8; P < 0.0001) and females (27.3 vs 24.7; P = 0.0003); and lowest 
dose of XLM (XLM70%) showed equivalent yellowness than highest 
dose of COM (COM100%). Females in XLM presented lower redness 
(CIE a*) than in COM (1.08 vs 1.55; P = 0.003), still the numerical dif-
ference was very low. Skin yellowness in cold carcasses was higher with 
XLM than COM in males (53.0 vs 50.1; P = 0.0004) and females (53.1 
vs 50.1; P = 0.0004), showing equivalent pigmentation in XLM70% 
than in COM100%. In summary, XLM showed a higher pigmentation 
than COM on broiler skin pigmentation in both live broilers and cold 
carcasses, so lower levels of XLM could be used to attain similar yel-
lowness than COM fed at commercial levels.

Key Words: broiler, pigment, yellow xanthophylls
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236   Energy utilization and growth performance of chickens 
fed wheat and maize based diets with and without essential oils 
supplementation. V. Pirgozliev*1, A. Beccaccia1,2, S. P. Rose1, D. 
Dimitrov3, and D. Bravo4, 1Harper Adams University, Edgmond, 
United Kingdom, 2University of São Paulo, Brazil, 3Trakia Univer-
sity, Stara Zagora, Bulgaria, 4Pancosma S.A., Geneva, Switzerland.

Essential oils are plant derived products used as an alternative for 
antibiotics as growth promoters. A total of 128 male Ross 308 chicks 
were used in a small floor pen study to investigate the effects of dietary 
supplementation of a mixture of essential oils including 5% carvacrol, 
3% cinnamaldehyde and 2% capsicum (XT, Pancosma S.A.) on dietary 
apparent metabolizable (AME), net energy for production (NEp), and 
bird growth performance. Four diets (maize- and wheat-soybean based, 
with and without XT) were fed to the birds from 7 to 21 d of age. 
The diets were formulated to be adequate in protein (215 g/kg diet) 
but marginal in AME (2,890 kcal/kg) and slightly high in non-starch 
polysaccharides than breeders’ recommendation and the control diets 
supplemented with XT (100 g/tonne). The diets were provided in mash 
form ad libitum throughout the experiment. The treatments were allo-
cated in a randomized complete block design with each treatment having 
8 replicate floor pens with 2 birds per pen. Supplementing maize diets 
with XT improved daily feed intake, weight gain and carcass protein 
retention (P < 0.05) compared with wheat diets. Dietary AME was not 
influenced (P > 0.05) by the cereal type or XT inclusion. Birds fed the 
XT supplemented maize diet had greater (P < 0.05) daily AME intake, 
but no response was observed from the birds fed XT supplemented 
wheat diets (P > 0.05). Feeding XT improved (P < 0.05) dietary NEp 
and there was no interaction with the cereal type. Dietary NEp coupled 
with total carcass energy retention and carcass composition.

Key Words: plant extracts, chick, metabolizable energy, net energy, 
cereals

237   Supplementation of plant oil extracts for laying hens on 
the antioxidant activity of eggs stored at different temperatures. 
A. M. C. Racanicci*1, G. R. Oliveira1, C. B. Tanure1, C. B. Lima1, D. 
L. Migotto1, G. N. Soares1, T. C. Souza1, L. M. C. S. Ribeiro1, J. S. 
Moreira2, and E. M. Oliveira2, 1University of Brasília, Brasília, DF, 
Brazil, 2University of Goiás, Goiânia, GO, Brazil.

The objective of this study was to evaluate the antioxidant effect of 
the addition of oil extracts of Copaifera langsdorffii (copaíba, COP) 
and Pterodon emarginatus (sucupira, SUC) to laying hens, observing 
the evaluation of oxidative processes during egg storage at room tem-
perature (RT) and refrigerated at 4°C (RE). A total of 140 laying hens 
(ISA-Brown) were fed experimental diets based on corn and soybean 
meal (CP, 15% and ME, 2900 kcal/kg) with the inclusion of 3 levels of 
COP (0.03, 0.06, and 0.09%), 2 levels of SUC (0.03 and 0.06%) plus a 
negative-control treatment. Eggs were collected during 3 consecutive 
days at 37 d of age of hens, stored during 30 d at different temperatures 
(RT and RE) in a completely randomized design, treatments arranged 
in 2 × 3 × 2 factorial plus additional control (CON). The evaluation 
of lipid oxidation was performed at 0, 7, 14, 21, and 30 d of storage 
(RT and RE) using 3 egg yolks/treatment using the TBARS method 
(thiobarbituric acid reactive substances) and expressed in micromoles 
of malonaldehyde per kilogram of raw egg yolks (µmol of MDA/kg). 
Means were analyzed using mixed model procedures (SAS system). 
No significant interaction was observed between dietary treatments; 
however, it was between temperature of storage (RT and RE) and, as 
expected, between days of storage. TBARS values did not differ (P < 
0.05) until 7 d of storage (RT and RE), but increased for RT eggs (0.4028 
µmol of MDA/kg), differing (P < 0.05) from the RE eggs (0.2953 µmol 

of MDA/kg) at 14 d. After 30 d, TBARS values from RE eggs group 
(0.5034 µmol of MDA/kg) were significantly (P < 0.05) lower than 
RT group (0.5970 µmol of MDA/kg). Although the dietary addition 
of plant oil extracts did not protect eggs against lipid oxidation during 
storage, it can be concluded that refrigerated storage was effective to 
retard lipid oxidation.

Key Words: laying hen, raw eggs, natural antioxidant, lipid oxida-
tion, TBARS

238   Dietary moringa leaf meal on growth performance, inter-
nal organ development and meat yield traits of broiler chicken. 
M. S. K. Sarker*1, H. Khatun1, M. M. Rahman1, S. Faruque1, M. F. 
Sharmin2, and M. N. Islam1, 1Bangladesh Livestock Research Insti-
tute, Dhaka, Bangladesh, 2Tokyo University of Marine Science and 
Technology, Tokyo, Japan.

Around the world, scientists are searching alternative to antibiotic-use 
in feed. Moringa (Moringa oleifera), a potential plant in Bangladesh, is 
considered to use as broiler feed additives to know its growth promoting 
effect, internatal organ development and meat quality considering suit-
able inoculation level and antibiotic replacement ability. Two hundred 
70 d old broiler chicks were studied and the groups were control (basal 
diet), commercial growth promoter (basal diet + 0.05% OTC), 0.5, 
1.0, 1.5, and 2.0% M. oleifera leaf meal with basal diet. The birds were 
randomly distributed in each treatments with 3 replications having 15 
chicks in each floor pens and provided starter diet for 3 wk and finisher 
diet for the next 2 wk. All other management conditions were standard. 
Moringa leaf meal significantly (≤0.05) enhanced growth of broiler 
chicks compared with control diet. Among the 4 levels 1.5% was found 
suitable in terms of final weight gain and feed conversion efficiency. 
Addition of moringa leaf meal didn’t affect (≥0.05) on internal organ 
development and dressing yield. Meat compositions among the groups 
were not affected but significantly reduced TBARS value was recorded 
which indirectly indicate its antioxidant potentiality. Considering the 
findings it can be concluded that moringa leaf meal is replaceable in 
place of antibiotic in terms of growth performance, internal organ 
development and meat yield traits.

Key Words: moringa meal, growth performance, antibiotic, internal 
organ, meat yield

239   The effect of Aloapur (lactylate product) on growth per-
formance of 0- to 28-day-old broilers challenged with Clostridium 
perfringens. S. Powell*1, D. Melchior1, B. Boomsma2, and S. Kok2, 
1Cargill Animal Nutrition, Elk River, MN, 2Corbion, Gorinchem, the 
Netherlands.

Research was conducted to evaluate the inclusion and efficacy of Aloa-
pur in a corn-soybean meal diets for broilers (Ross 708) challenge with 
Clostridium perfringens. Treatments had 12 replications with 5 broilers 
per pen. The broilers were fed a 2-phase feeding program consisting of 
starter (0–14 d) and grower (14–28 d) periods. Treatment diets consisted 
of a Control (C: no antibiotic growth promotant), C + BMD, C + Virgin-
iamycin, and 4 levels of Aloapur (1, 2, 3, and 4 kg/T). Growth response, 
feed intake, feed efficiency were measured on d 7, 14, and 28. A linear 
(P ≤ 0.003) and quadratic (P ≤ 0.041) effect of increasing Aloapur was 
observed on body weight (d 28) and overall (0–28 d) average daily gain 
(ADG). Body weight and ADG increased up to an inclusion of 2 kg/T 
with no further increase at 3 and 4 kg/T. Birds fed the negative control 
had lower body weight and ADG compared with birds fed 2 kg/T of 
Aloapur. A linear effect of increasing Aloapur was observed for overall 
average daily feed intake (ADFI; P ≤ 0.048) and gain:feed (GF; P ≤ 
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0.048). Birds fed with and without additives had similar ADFI to birds 
fed 2 kg/T of Aloapur except for birds fed BMD which had a higher 
ADFI. Birds fed the control diet and BMD had lower GF than birds 
fed 2 kg/T of Aloapur. These data indicates that the optimal inclusion 
of Aloapur with a clostridia challenge is 2 kg/T. Aloapur at the right 
inclusion provides beneficial effect in broilers challenge with clostridia 
reared without antibiotic growth promotants.

Key Words: broiler, Aloapur, BMD, virginiamycin, Clostridium 
perfringens

240   Reducing Salmonella Enteritidis colonization in White 
Leghorn SPF chickens using a feed-supplemented natural growth 
promoter product. A. Kovács*1, R. Breitsma1, L. Vandi1, P. Massi2, 
and G. Tosi2, 1Biomin Holding GmbH, Herzogenburg, Lower Austria, 
Austria, 2Instituto Zooprofilattico Sperimentale della Lombardie e 
dell’Emilia Romagna, Brescia, Italy.

Supplementing feed with a natural growth promoter product can reduce 
Salmonella Enteritidis counts in White Leghorn cecum content. A 
25-day trial was conducted to study the effects of dietary supplementa-
tion with a blend of formic, propionic and acetic acids combined with 
cinnamaldehyde and a permeabilizing substance (NGP, Biotronic Top3, 
Biomin, Austria) on the reduction of S. Enteritidis counts in White Leg-
horn cecum. From day of hatch, 60-d-old White Leghorn SPF chickens 
were randomly assigned to 3 treatments of 20 chicks each and placed 
in poultry isolators. A control group received a commercial layer pullet 
diet with no antibiotic or NGP, trial group 1 (NGP 1) received 1 kg of 
NGP/ton of feed, and trial group 2 (NGP 2) received 2 kg of NGP/ton. 
At d 15, chickens were eye-drop inoculated with 105 cfu of S. Enter-
itidis field strain 208876/201. At 5 (20 d of age) and 10 (25 d of age) 
days postinfection (dpi), 10 chickens per group were euthanized and 
cecum content was taken for bacteriological analyses (Table 1). The 
counts (cfu/g) of cecum sample were determined by counting the bacte-
rial colonies. The results of the study showed a significant (P < 0.05) 
reduction in S. Enteritidis counts in the cecal content of birds. Due to 
the NGP supplementation in the diet, S. Enteritidis counts in the cecum 
and therefore colonization were significantly lower.

Table 1. Salmonella Enteritidis counts in the cecal content of tested birds (log 
cfu/g)

Time Control NGP 1 kg/t NGP 2 kg/t

5 dpi 2.25a ± 0.60 0.87b ± 0.93 0.66b ± 0.85

10 dpi 2.63a ± 0.95 1.29b ± 0.75 1.05b ± 1.13
a,bValues not sharing the same letter within a column were significantly differ-
ent (P < 0.05).

Key Words: Salmonella, permeabilizer, cinnamaldehyde, acid, 
broiler

241   Effects of a combination of benzoic acid and essential oil 
compounds combined or not with Halquinol on broilers per-
formance and health. A. Londero1, A. P. Rosa1, R. Hermes*2, D. 
Garcez2, C. B. Santos1, C. E. B. Vivas1, J. Forgiarini1, T. S. Toledo1, 
C. Orso1, G. D. Schirmann1, H. M. Freitas1, and K. P. Pontin1, 
1Federal University of Santa Maria, Santa Maria, Rio Grande do Sul, 
Brazil, 2DSM Nutritional Products, São Paulo, São Paulo, Brazil.

The objective of this study was to evaluate the effect of a commercial 
available product (consisting of benzoic acid and essential oils) in broil-
ers performance fed a corn and soybean meal based diet, as an alternative 
to antibiotic growth promoters (AGP). It was used 1,550 one-day-old 

Cobb 500 males, randomly assigned in 5 treatments with 10 replicate 
pens of 31 birds each. Treatments were (1) diet without AGP, a negative 
control (NC); (2) with 30 ppm of Halquinol (AGP); (3) with 300 ppm 
of Crina Poultry Plus from 1 to 42 d (CPP); (4) AGP from 1 to 21 d 
and CPP from 22 to 42 d (AGP/CPP); and (5) diet with AGP and CPP 
from 1 to 42 d (AGP&CPP). The diets had the same nutrient levels. 
These diets had no addition of coccidiostats or any type of enzyme. Data 
were submitted to ANOVA and Tukey’s test. There were no significant 
differences on feed intake between treatments. However, the AGP diet 
increased (P < 0.05) the body weight on d 42 (2.70 kg) compared with 
birds of NC (2.60 kg), but it was not significantly different from CPP 
(2.66 kg), AGP/CPP (2.65 kg) and AGP&CPP (2.64 kg). The feed con-
version rate and European productive efficiency index were better (P 
< 0.05) in AGP (1.71; 358), compared with NC (1.80; 330), but again 
not significantly different from CPP (1.74; 354), AGP/CPP (1.75; 346), 
and AGP&CPP (1.76; 347) from 1 to 42 d. The results suggest that the 
use of this product, associated or not with Halquinol, can be used as an 
alternative to the antibiotic growth promoters without negative effect 
on broiler performance.

Key Words: alternative antibiotic, broiler, Crina Poultry Plus

242   Effects of coated sodium butyrate (CM 3000) feed additive 
on performance, Salmonella Enteritidis prevalence and immune 
status of broiler chickens. M. A. Tony*1, and M. M. Hamoud,2 
1Department of Nutrition and Clinical Nutrition, Faculty of Vet-
erinary Medicine, Cairo University, Giza, Egypt, 2Department of 
Poultry Diseases, Faculty of Veterinary Medicine, Cairo University, 
Giza, Egypt.

Sodium butyrate is a sodium salt of a volatile short-chain fatty acid 
(butyric acid). Butyric acid is a major type of short-chain fatty acids 
derived naturally from bacterial fermentation of undigested dietary fiber. 
An experiment was conducted to determine the effects of commercial 
coated sodium butyrate (CM 3000) feed additive on performance, Sal-
monella Enteritidis prevalence and immune status of broiler chickens. 
Two hundred twenty-five 1-d-old chicks (Hubbard breed) were randomly 
distributed into 3 treatment groups (3 replicates each) using 25 chicks per 
replicate on floor pens. Control (C) birds were offered non-supplemented 
basal diets. Treatments 1 and 2 (T1 and T2) were fed diets containing 
CM 3000 300 and 500 g/ton feed respectively. Feed and water were 
offered ad libitum for 35 d experimental period. Feed consumption 
and body weight were recorded weekly to calculate body weight gain 
and feed conversion. Blood samples were collected by time intervals 
to evaluate the immune status of the birds against some vaccines. At 
the end of the experimental period 12 birds were chosen randomly 
from each group to compare carcass yield. Bacteriological swabs were 
taken from the liver and at the end of the intestinal tract to examine the 
prevalence of Salmonella Enteritidis. The results revealed that body 
weight gain was significantly (P < 0.05) improved in chicks fed on CM 
3000 containing diets compared with control one. Supplementation of 
diets with CM 3000 increased significantly feed intake (P < 0.05) and 
improved feed conversion. The best feed conversions were recorded in 
T2 group. Dressing percentage, liver weights and the other carcasses 
yields were non-significantly different between groups. The butyrate 
used significantly enhanced immune responses measured against vac-
cines and reduced significantly Salmonella Enteritidis (P < 0.05) in the 
samples collected from T1 and T2 versus those collected from control 
group. In conclusion, exogenous administration of slow-release butyrate 
(CM 3000) is capable of improving performance, enhancing immunity 
and disease resistance in broiler chickens.

Key Words: sodium butyrate, broiler, performance, salmonellosis
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243   A trend analysis of mycotoxin prevalence in the Americas 
from 2009 to 2013. G. R. Murugesan*1,2, K. Naehrer2, U. Hofstet-
ter2, and R. Beltran Jr.1, 1Biomin USA Inc., San Antonio, TX, 2Biomin 
Holding GmbH, Herzogenburg, Austria.

Mycotoxins are secondary metabolites produced by fungi on almost 
all agricultural crops. Mycotoxin contamination of crops may cause 
economic losses at all levels of food and feed production. Mycotoxins 
are known to be either carcinogenic (e.g., aflatoxins, fumonisins), 
dermatotoxic (deoxynivalenol), neurotoxic (fumonisins), estrogenic 
(zearalenone) or immunosuppressive (aflatoxins, deoxynivalenol). 
Hence it is imperative to assess the presence of these mycotoxins in feed 
and feed ingredients. A total of 3,227 feed and feed ingredients, such as 
corn, soybean, et cetera, collected from North and South America were 
analyzed for mycotoxins over a 5 year period from 2009 to 2013. The 
mycotoxins analyzed were aflatoxins, fumonisins (FUM), deoxyniva-
lenol (DON) and zearalenone (ZEN). Over 90% of the samples were 
analyzed using high-performance liquid chromatography (HPLC) 
while the rest were analyzed by enzyme-linked immunosorbent assay 
(ELISA). Corn samples comprised 61% of the total samples, while 
finished feed samples accounted for 26%, soybean at 6% and dried 
distillers’ grains with solubles at 3%. Of all the samples tested, 74% 
returned positive for mycotoxins including 33% which tested positive 
for more than one mycotoxin. Majority of the samples (68%) had FUM 
contamination, followed by 42% for DON, 36% for ZEN and 21% 
for aflatoxins. Prevalence of aflatoxins was reduced to 19% during 
2010–13, in comparison to the values in 2009 (38%). Contamination 
levels of FUM continued to persist during the sampling years, although 
the levels were relatively higher (81%) in 2009. Lower contamination 
levels of ZEN were observed from 2011 to 13 (23%) in comparison to 
2009–10 (49%). Except for 2010, DON contamination was consistent at 
around 35%, while the average of positive samples for DON was high 
at 1,229 ppb. Overall, the contamination levels are of FUM and DON 
are still high, indicating the wider presence of mycotoxins in animal 
feed and feed ingredients. Furthermore, the co-occurrence of more than 
one mycotoxin in 1,066 samples (33%) pose a greater risk of additive 
and synergistic toxic effects of multiple mycotoxins even though they 
were present in lower concentrations.

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

244   The effect of four different feeding programs from rearing 
period to sexual maturity on protein turnover in broiler breeder 
parent stock. K. Vignale*1, J. V. Caldas1, J. England1, N. Boonsin-
chai1, P. Sodsee1, E. D. Pollock2, and C. N. Coon1, 1University of 
Arkansas, Fayetteville, AR, 2University of Arkansas Stable Isotope 
Lab, Fayetteville, AR.

Rates of protein synthesis and breakdown are influenced not only by 
age, but by plane of nutrition, stress, disease, hormones, exercise and 
inactivity. The objective of the present study was to evaluate the effect 
of 4 different feeding programs on muscular protein turnover in pullet 
parent stock (PS) broiler breeders. The 4 feeding programs based on body 
weight curves utilized for the study were as follows: everyday feeding, 
skip-a-day feeding, under feeding (20% under), and over feeding (20% 
over). Each pullet feeding program (treatment) consisted of 150 d old 
pullets and were provided the different feeding programs from 4 wk to 
20 wk of age. Protein turnover was determined in PS pullets/breeders 

at 6, 10, 12, 16, 21, 25, and 31 wk of age. A CRD was used with a 4 × 
4 factorial arrangement (4 feeding programs, 7 ages), containing 20 8 
treatments with 5 replications, and each pullet represented a replicate. 
ANOVA was performed using JMP software. Five pullets/breeders at 
each age were given an intravenous flooding-dose of 15N-Phe (150 mM, 
40% APE) with 10 mL/kg. After 10 min, birds were slaughtered and 
the breast muscle excised and frozen in liquid nitrogen. Excreta were 
also collected and frozen. The acid-soluble fraction (2% perchloric 
acid) containing free amino acids from muscle was separated from the 
protein precipitate. The ratio of 15N:14N of each fraction was deter-
mined via GCMS. Quantification of 3-methylhistidine in both muscle 
and excreta was also determined via GCMS. There was only an age 
effect regarding fractional synthesis rate (FSR). The FSR significantly 
increased from 6 week pullets to 10- and 12-wk pullets (3.62, 10.65, 
and 10.93%, respectively; P = 0.01) and then decreased at 16 (6.81%). 
There was only an age effect regarding fractional breakdown rate (FBR). 
FBR significantly increased from wk 21 (5.70%) to wk 25 (13.81%, first 
egg) and 31 (22.46%, peak egg production; P < 0.001). There is a large 
increase in FBR during the transition for the pullet to sexual maturity 
with increases in FBR through peak egg production.

Key Words: protein turnover, sexual maturity, fractional synthesis 
rate, fractional breakdown rate, 15N- Phe

245   Dietary d-xylose levels differentially affect the expres-
sion of hepatic genes involved in lipid and glucose metabolism 
in broilers. A. Regassa*1, J. Sands1, W. K. Kim2, M. C. Walsh3, E. 
Kiarie3, and C. M. Nyachoti1, 1University of Manitoba, Winnipeg, 
MB, Canada, 2University of Georgia, Athens, GA, 3DuPont Indus-
trial Biosciences–Danisco Animal Nutrition, Marlborough, United 
Kingdom.

A study was conducted to examine the expression profile of hepatic 
transcripts involved in lipid and glucose metabolism in broiler chickens. 
A total of 360 day-old male Ross chicks were allocated to 3 dietary 
treatments each with 24 replicate cages of 5 chicks. The control diet 
contained corn-soybean as the main ingredients plus 25% corn starch 
(T1). Diets 2 and 3 contained d-xylose (DX) at 20% (T2) and 60% (T3) 
in place of corn starch so that the DX levels in the diets were 0, 5, and 
15%, respectively. On d 15 to 18, birds were trained to fast for 12 h 
and on d 18, birds were allowed access to feed for 30 min before liver 
samples were collected (6 birds/diet) at the end of a 12-h fasting (t0), 1, 
3, and 5h post-feeding (PF) for total RNA isolation and gene expression 
study. Data were analyzed using the GLM procedure of SAS and means 
were declared significantly different at P ≤ 0.05. Expression of ACAT2 
mRNA was higher (P ≤ 0.05) in T2 compared with T1 and T3 at t0 and 
was higher (P ≤ 0.05) in T1 and T2 at t0 compared with the same DX 
levels at 3h PF. At t0, the mRNA expression of FAS was higher (P ≤ 
0.05) in T1 and T2 compared with T3 but no differences were observed 
among diets at 3h PF. The mRNA expression of PEPCK, PCX, PFKL, 
and GLUT2 were not different between T1 and T2. However, compared 
with their respective values at t0, the mRNA expression of PEPCK, 
PCX, PFKL, and GLUT2 were reduced (P ≤ 0.05) at 3 h PF for both 
groups. The mRNA expression of ACAT2, FAS, PEPCK, PCX, PFKL, 
and GLUT2 were reduced (P ≤ 0.05) in T2 and T3 at 5 h PF compared 
with values in T1 at t0. The mRNA expression of PPARγ and LPL was 
not affected by dietary DX levels at all time points. The results show that 
during the fasted state, DX supplementation appeared to differentially 
affect expression of hepatic enzymes and transcription factors involved 
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in glucose and lipid metabolism. Further studies are necessary to fully 
understand the underlying mechanisms.

Key Words: broilers, d-xylose, lipid, glucose, metabolism

246   Increased plasma inositol content in response to high 
levels of phytase supplementation is more related to increased 
dietary phytate phosphorus rather than total phosphorus utiliza-
tion. O. A. Olukosi*1, A. J. Cowieson2, and F. Fru-Nji2, 1Scotland’s 
Rural College, Auchincruive, Ayr, United Kingdom, 2DSM Nutritional 
Products Ltd., Basel, Switzerland.

A total of 768 broilers were used to study the influence of phytase 
supplementation in broilers reared on new or old litters and receiv-
ing diets with low or high levels of available P (aP). The litter from 
a previous experiment was used as a source of mild challenge to the 
birds. The birds were allocated at 1 d old to 12 treatments in a 2 × 2 × 
3 factorial arrangement with 2 levels of aP (0.3%, negative control or 
NC; and 0.45%, positive control or PC), 2 types of litter (new or old) 
and 3 levels of phytase (0, 1,000, and 2,000 FYT/kg). Excreta were 
collected from birds on d 19 and 20 and ileal digesta were collected on 
d 21. Blood was collected from one representative bird per pen; plasma 
was separated out by centrifugation and the plasma was used for inositol 
measurement. Diets, ileal digesta and excreta were analyzed for Ti, 
total P, and phytate P (PP). Three-way interaction was only significant 
for ileal PP disappearance with phytase promoting greatest (P < 0.01) 
PP disappearance in birds reared on new litter and receiving NC diet. 
There was significant (P < 0.05) control × phytase interaction for ileal 
P and total-tract P utilization and ileal PP disappearance with phytase 
increasing (P < 0.05) ileal PP disappearance and P utilization only at 
2,000 FYT/kg in PC diet but at both 1000 and 2000 FYT/kg in NC diets. 
Phytase increased (P < 0.01) total-tract PP disappearance in both PC and 
NC diets but PP disappearance at 2,000 FYT/kg was 10% points greater 
in NC compared with PC diets. Plasma inositol content increased (P < 
0.01) stepwise with phytase supplementation but there were no other 
treatment effect on plasma inositol response. Plasma inositol was highly 
correlated (P < 0.01) with ileal (r = 0.89) and total-tract PP (r = 0.91) 
disappearance; less with ileal P (r = 0.77) but not with total-tract P (r 
= 0.26) utilization. It was concluded that the increased plasma inositol 
content in response to high supplemental levels of phytase is more related 
to dietary PP rather than total P utilization and this response may partly 
explain some of the extra-phosphoric effects of phytase.

Key Words: broiler, plasma inositol, phytase, phytate phosphorus

247   The effects of maternal dietary vitamin premixes, can-
thaxanthin and 25-hydroxycholecalciferol on the performance of 
progeny ducklings. Z. Z. Ren*, J. P. Wang, Q. F. Zeng, X. M. Ding, 
S. P. Bai, Y. H. Luo, Z. W. Su, Y. Xuan, and K. Y. Zhang, Sichuan 
Agricultural University, Chengdu, China.

This trial studied the effects of addition of canthaxanthin (CX) and 
25-hydroxycholecalciferol (25-OH-D3) in 2 kinds of maternal vitamin 
dietary regimens on the performance of their progeny ducklings. Four 
maternal diets were used under a 2 × 2 factorial arrangement, with (or 
without) the addition of mixture of CX (6 mg/kg) and 25-OH-D3 (0.069 
mg/kg) in 2 kinds of vitamin premixes (low and high; the “high” premix 
had higher levels of all kinds of vitamins except K3 than the “low” 
premix). Thirty 8-wk-old Cherry Valley duck breeders (drake:duck 
ratio maintained to 1: 5) were fed, ad libitum, corn-wheat flour based 
pellet diets for 8 wk, the eggs from each treatment were then collected 
and hatched separately. For each breeder treatment, 96 newly hatched, 

healthy birds were randomly collected and raised in 6 replicates of 16 
birds. All the ducklings were fed the same commercial starter diet (1 to 
14 d) and finisher diet (15 to 35 d). Data were analyzed by ANOVA as a 
2 × 2 factorial using GLM procedurals of SPSS 17.0. The results showed 
that the maternal “high” vitamin premix improved (P < 0.05) the progeny 
ducklings’ body weight at 1 and 14 d, body weight gain from 1 to 14 d, 
feed: gain ratio from 1 to 14 d, and the shank pigmentation at 1 d. The 
progeny ducklings’ body weight at 1 d, feed intake from 15 to 35 d and 
1 to 35 d, and the shank pigmentation at 1 and 14 d were increased (P < 
0.05) by the maternal dietary addition of CX and 25-OH-D3. There were 
no interaction (P > 0.05) between maternal vitamin premix and addition 
of CX and 25-OH-D3. In conclusion, maternal “high” vitamin premix 
and the addition of CX and 25-OH-D3 improve the growth performance 
of progeny duckling from hatch to 2 wk of age.

Key Words: maternal, vitamin premix, canthaxanthin (CX), 
25-hydroxycholecalciferol (25-OH-D3), progeny duckling

248   Age and adaptation effects to Ca and P deficiencies: Effect 
on P digestibility. W. Li*1, R. Angel1, S.-W. Kim1, E. Jiménez-
Moreno1, M. Proszkowiec-Weglarz1, and P. W. Plumstead2, 1Depart-
ment of Animal and Avian Sciences, University of Maryland, College 
Park, MD, 2Danisco Animal Nutrition, DuPont Industrial Biosci-
ences, Marlborough, United Kingdom.

The effects of age and length of feeding Ca and non-phytate P (nPP) 
deficient/sufficient diets on apparent ileal P digestibility (AIDP) were 
determined. Twelve diets with 8 replicates (rep) each were fed to broiler 
from 7 to 9 (6 birds/rep), 7–21 (6 birds/rep) and 19–21 (3 birds/rep) d 
of age. Diets were prepared based on a 2 factor arrangement with 3 Ca 
(0.65, 0.80, and 0.95%) and 4 nPP (0.20, 0.27, 0.32, and 0.40%) con-
centrations. The age and adaptation effect (age group) was determined 
by comparing the effects between birds fed from 7 to 9 and 19–21 d 
of age, and 19–21 and 7–21 d of age, respectively. Significant 3-way 
interaction among Ca, nPP and age group was observed and thus data 
were analyzed independently by Ca concentration using SAS MIXED 
model. The LSmeans were separated by Tukey’s test when model was 
significant (P < 0.05). Interactions between nPP and age group on AIDP 
were observed at every dietary Ca concentration (P < 0.05). When 0.65% 
Ca diets, when 0.20, 0.27, or 0.40% nPP was fed, AIDP was lower in 
younger (7–9 d) vs. older birds (19–21 d, P < 0.05), while adaptation 
had no effect on AIDP (7–21 vs. 19–21 d). For example, in birds fed 
the 0.20% nPP diet, age effect seen was due to an AIDP of 34.9% at 9 d 
of age (7–9 d) vs. 47.2% at 21 d of age (19–21 d). There was no age or 
adaptation effect when diets containing 0.32% nPP were fed (P > 0.05). 
When birds were fed diets with 0.80 and 95% Ca, age effect (7–9 vs. 
19–21 d) on AIDP was observed at all nPP concentrations, with higher 
AIDP in older vs. younger birds (P < 0.05), whereas adaptation (7–21 
vs. 19–21 d) only increased AID P when diet contained the lowest nPP 
(0.20%, P < 0.05). In general, older birds utilize P better than younger 
birds except in diets containing 0.65% Ca and 0.32% nPP. Only when 
broilers were fed the most deficient nPP diets (0.20%) in this study, did 
they upregulate their ability to utilize P, if given time to adapt.

Key Words: age, adaptation, calcium, phosphorus digestibility

249   Evaluation of inorganic (sulfates) and chelated trace min-
erals zinc, copper, manganese, and iron in low levels for broiler. 
R. A. Vieira*2, R. D. Malheiros1, L. F. T. Albino2, M. I. Hannas2, R. 
Crivellari1, L. L. Borges1, and P. R. Ferket1, 1Prestage Department 
of Poultry Science, North Carolina State University, Raleigh, NC, 
2Department of Zootecny, UFV, Viçosa, MG, Brazil.
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Zinc, manganese, copper, and iron are usually supplemented to broiler 
diets as inorganic trace mineral (ITM) salts, which are usually supple-
mented well above minimal requirements for broilers to compensate for 
lower bioavailability. The use of organic trace minerals (OTM) has been 
suggested to solve these problems based on the rationale that OTM are 
more bioavailable than those from ITM, and therefore can be added at 
lower concentrations to diets with no negative effects on live perfor-
mance. This study compared the ITM and OTM sources supplemented 
at low dietary levels on growth performance of market broilers. A total 
of 1,872 1-d-old (Ross 708) male broilers was randomly allotted by BW 
to 1 of 9 treatments (8 rep. pens of 26 chicks per pen) in a completely 
randomized block design involving a 2 × 4 + 1 factorial arrangement of 
treatments: 2 sources of ITM or OTM, 4 levels of trace minerals (TM) 
(12.5; 25; 37.5 and 50%), plus the positive control (PC) containing ITM 
formulated at 100% of industry recommendations (80 ppm Zn, 100 
ppm Mn, 60 ppm Fe, 12 ppm Cu). All ITM were supplied as sulfates 
and all OTM was supplied as proteinate (Bioplex). Body weight (BW) 
and feed consumption was measured at d 14, 32 and 48, and feed/gain 
(FCR) was calculated by including mortality weights. Productive effi-
ciency (IPE = [(average body weight, kg) × (100 – mortality)/(market 
age) × (feed conversion ratio)] × 100) was determined at 48d. ANOVA 
was performed for levels, sources and interaction and the control was 
compared by Dunnet test. Dietary supplementation of OTM (P < 0.05) 
improved cumulative FCR at 14 d (1,260 vs. 1,277), 32d (1,548 vs. 
1,574) and 48d (1,748 vs. 1,783); improved viability at 14d (99.6% vs. 
98.3%), better 48-d BW (3.98 vs. 3.88 kg), and higher IPE (461 vs. 430) 
than ITM. There were no significant TM supplementation level effects 
observed. There was only a significant 48d IPE difference between the 
100% (PC) and 12.5% ITM treatment t (454 vs. 416, P < 0.05). The 
results of this experiment demonstrate that OTM resulted in superior 
growth performance over ITM, especially at low dietary inclusion levels.

Key Words: inorganic trace mineral, proteinate-trace mineral, 
growth performance, broiler

250   A new organic selenium source (HMSeBA) for enriched 
selenium eggs. Y. Mercier*1, M. Jlali1, M. Briens2, F. Couloigner1, 
F. Rouffineau1, and P.-A. Geraert1, 1Adisseo France S.A.S., Antony, 
France, 2Institut de Biologie Moléculaire et Cellulaire, Strasbourg, 
France.

Selenium (Se) is the active element of 25 selenoproteins, which were 
involved in antioxidant, immune and endocrine system, and reproduc-
tive functions through embryonic and early postnatal development. The 
aim of the study was to compare a new organic Se source: 2-hydroxy-
4-methylselenobutanoic acid (HMSeBA) to commonly used Se source 
(sodium selenite (SS) and selenized yeast (SY)) on selenium deposition 
in eggs and in breast muscle of laying hens. A total of 240 ISA-Brown 
40-wk-old laying hens were allocated to 6 treatments with 8 cages rep-
licates with 5 birds per cage. Hens received basal diets supplemented 
with different Se sources and levels as follow: negative control (NC; 
no Se added), SS-0.2 supplemented with SS at 0.2 mg Se/kg, SY-0.1, 
SY-0.2 supplemented with SY at 0.1 and 0.2 mg Se/kg respectively, 
SO-0.1 and SO-0.2 supplemented with HMSeBA at 0.1 and 0.2 mg Se/kg 
respectively for 56 d. One egg per replicate was collected for Se analysis 
at D8 and D14 for SY-0.2 and SO-0.2 only and at D54, D55 and D56 
for all treatments, to follow the kinetic of Se deposition in eggs. At the 
end of the experiment, 8 hens from SY-0.2 and SO-0.2 were slaughtered 
and the pectoralis major muscle was collected for Se analysis. The data 
were analyzed using GLM procedure from SAS with a combination of 
Se source and level. Laying performance and eggshell strength were not 
affected by dietary treatments (P > 0.05). Dietary Se supplementation 

increased whole egg Se concentration compared with NC (P < 0.05) 
and organic Se sources (SY and SO) had higher egg Se deposition than 
SS at 0.2 mg Se/kg (P < 0.05). In addition, SO-0.2 led to better egg 
Se deposition compared with SY-0.2 (P < 0.05) from D8 to D56. The 
slope ratios confirmed the higher transfer of Se to eggs with HMSeBA 
compared with SY (+28.8%; P < 0.01). Moreover, hens fed HMSeBA 
at 0.2 mg Se/kg exhibited higher muscle Se content: +28% compared 
with selenized yeast (P < 0.001). This study demonstrates the greater 
ability of Se from HMSeBA to be transferred to eggs, thus to enhance 
the Se content of enriched eggs. Its higher deposition in muscles also 
warrantees an increased anti-oxidant status of the laying hens.

Key Words: laying hen, egg, selenium, 2-hydroxy-4-methylseleno-
butanoic acid, muscle selenium deposition

251   A new organic selenium source (HMSeBA) for higher 
functional selenium in broiler chickens. P.-A. Geraert*1, M. 
Briens2, F. Couloigner1, F. Rouffineau1, and Y. Mercier1, 1Adisseo 
France S.A.S., Antony, France, 2Institut de Biologie Moléculaire et 
Cellulaire, Strasbourg, France.

Selenium (Se) is one of the most important micronutrient for its 
involvement in many functions, such as, antioxidant defense, endocrine 
regulation or immune system through about 25 selenoproteins. The aim 
of this study was to evaluate the effects of a new organic Se source: 
2-hydroxy-4-methylselenobutanoic acid (HMSeBA) on selenium and 
seleno-amino acid deposition in breast muscle of broilers. A total of 
816 day-old chicks were divided into 8 dietary treatments with 6 pen 
replicates of 17 birds for 21 d. Birds received diets supplemented in 
Se with different Se sources and levels as follow: negative control 
(NC) (not supplemented with Se), SS-0.1, SS-0.3 supplemented with 
sodium selenite at 0.1 and 0.3 mg Se/kg, SY-0.1, SY-0.3 supplemented 
with seleno-yeast at 0.1 and 0.3 mg Se/kg, SO-0.1, SO-0.2 and SO-0.3 
supplemented with HMSeBA at 0.1, 0.2 and 0.3 mg Se/kg. At the end 
of the experiment, 2 birds per replicate were muscle sampled for total 
Se measurement for all treatments, and seleno-amino acid speciation 
was determined for NC, SY-0.3 and SO-0.3 treatments only. The data 
were analyzed using one-way ANOVA (PROC GLM) and linear regres-
sion for the relative bioavailability using the PROC NLIN from SAS. 
The selenium supplementation increased Se deposition in tissues for 
all sources in a dose-dependent manner (P < 0.05). Whatever the dose, 
organic Se sources allowed a higher Se deposition than inorganic Se 
(P < 0.05). At the same Se dose, SO presented a higher Se deposition 
than SY (P < 0.05) and birds fed SO-0.2 had an equivalent muscle Se 
deposition than birds fed SY-0.3 (P > 0.05). The relative muscle Se 
deposition of HMSeBA compared with seleno-yeast was 39% higher 
(P < 0.05). Residual HMSeBA was not detected in breast muscle for 
SO-0.3 treatment concluding to total conversion because SeMet + SeCys 
allowed recovering 100% of total Se value in muscle. Furthermore, 
SO-0.3 treatment showed higher SeCys content in muscle than SY-0.3 
(P < 0.05). These results suggest a higher production of selenoprotein 
with HMSeBA than seleno-yeast. In summary, HMSeBA allowed a 
better Se deposition in breast muscle and production of active selenium 
than seleno-yeast.

Key Words: selenium, selenomethionine, selenocysteine, 2-hydroxy-
4-methylselenobutanoic acid, broilers

252   The influence of formaldehyde on carbohydrase and phy-
tase efficacy in 21-day-old broilers. N. Sriperm*1, R. B. Shirley1, S. 
Gately1, M. E. Freeman2, and A. J. Davis2, 1Adisseo USA, Alpharetta, 
GA, 2University of Georgia, Athens, GA.
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A 21-d battery study was conducted to determine the effect of formal-
dehyde on carbohydrase and phytase efficacy in male broilers that were 
fed a mash, corn-SBM-corn DDGS-MBM diet. The study consisted of 5 
treatments, with12 replicates/treatment: (1) positive control (PC; surfeit 
in all nutrients); (2) negative control (NC; −143 kcal of ME/kg of diet 
compared with PC); (3) NC + carbohydrases, phytase, and formalde-
hyde; (4) NC + carbohydrases and phytase; and (5) NC + formaldehyde. 
The carbohydrases and phytase came from Rovabio Max LC, which was 
added at 200 mL/MT of diet; formaldehyde (30% solution) was added 
at 3.25 kg/MT of diet. Rovabio Max LC provided 0.12% calcium (Ca) 
and 0.15% available phosphorus (av.P) uplift, resulting in a downward 
adjustment in dietary limestone and dicalcium phosphate when added 
to the NC diet. Comparing the enzyme recoveries of treatments 3 and 
4, formaldehyde reduced phytase activity by 70% and xylanase activ-
ity by 47%. At 21 d of age, there were numerical differences in body 
weight gain (BWG) among all the treatments. A significant separation 
in feed intake (FI: 1.20 vs. 1.33 kg/bird P = 0.031) and feed conversion 
(FCR: 1.27 vs. 1.36; P < 0.001) were observed between the PC and NC, 
respectively. Treatments 3 and 5 (which contained formaldehyde) had a 
FCR that was no different than NC, indicating that formaldehyde reduced 
the efficacy of carbohydrases and phytase. The addition of Rovabio Max 
LC to a reduced-energy, avP and Ca diet (treatment 4) resulted in a FCR 
that was similar to that of the PC (P > 0.05). These data indicate that 
the addition of formaldehyde has a negative effect on carbohydrases 
and phytase activity, and thus broiler performance.

Key Words: phytase, xylanase, carbohydrase, formaldehyde, broiler 
chicken

253   Effect of adding dietary distillers dried grains with 
solubles (DDGS) on productive performance of broiler chicks. S. 
M. Hassan* and A. A. Al Aqil, King Faisal University, Al Ahsa, Saudi 
Arabia.

Using distillers grains with soluble (DDGS) as a feed ingredient in 
poultry nutrition has lately been increased. This study was conducted 
to evaluate the effect of adding different dietary levels of DDGS on the 
productive performance of broiler chicks from 1 to 35 d of age. Two 
hundred forty 1-d-old broiler chicks were randomly distributed among 
3 treatment groups with 8 replicates of 10 chicks each. Chicks were fed 
a broiler diet containing 0.0, 5.0, or 10.0% DDGS. Body weight at 7 d 
of chicks fed 5.0% DDGS was significantly heavier than that of those 
fed 0.0% DDGS. Chicks fed 5.0 and 10.0% DDGS were significantly 
heavier compared with those fed 0.0% DDGS at 14 and 21 d. Body 
weight at 28 and 35 d of chicks fed 10.0% DDGS was significantly 
greater than those fed 0.0% DDGS. From 1 to 7 d, body weight gain of 
chicks fed 5.0% DDGS was significantly higher than those fed 0.0% 
DDGS. Body weight gain during d 8 to 14 of chicks fed 5.0 and 10.0% 
DDGS was significantly greater than those fed 0.0% DDGS. Chicks fed 
10.0% DDGS grew significantly more than those fed 0.0% DDGS from 
15 to 21 d and from 22 to 28 d. The total body weight gain from 1 to 
35 d for chicks fed 10.0% DDGS was significantly more than those fed 
0.0 and 5.0% DDGS. Feed consumption of chicks fed 5.0% DDGS was 
significantly higher than those fed 0.0% DDGS from 1 to 7 d. During 15 
to 21 d, feed consumption of chicks fed 10.0% DDGS was significantly 
more than those fed 0.0% DDGS. From 22 to 28 d, feed consumption 
of chicks fed 5.0 and 10.0% DDGS was significantly higher than those 
fed 0.0% DDGS. Feed consumption of chicks fed 5.0% DDGS was 
significantly lower than those fed 0.0 and 10.0% DDGS. Feed conversion 
ratio of chicks fed 5.0 and 10.0% DDGS was significantly better than 
those fed 0.0% DDGS from 8 to 14 d. Performance index of chicks fed 
5.0% DDGS was significantly higher than those fed 0.0% DDGS from 

1 to 7 d. During 8–14 d, performance index of chicks fed 5.0 and 10.0% 
DDGS was significantly better than those fed 0.0% DDGS. Results 
suggest that DDGS can be added to broiler diet from 1 to 35 d of age 
up to 10% without negative effect on their productive performance.

Key Words: broiler, distillers dried grains with solubles (DDGS), 
growth, performance

254   Evaluation of performance and morphology changes in 
the small intestines of broiler chicks fed with different levels of 
glutamine in prestarter diet on post-hatch period. M. Shivazad*1, 
M. Ghafari1, M. Zaghari1, F. Ghaziani1, O. Madadgar2, and N. Nam-
ruod1, 1Department of Animal Sciences, University of Tehran, Alborz, 
Karaj, Iran, 2Department of Microbiology, University of Tehran, 
Tehran, Iran.

Glutamine supplementation of the prestarter diet of broiler chicks could 
improve their performance at the first week of post hatch. This experi-
ment was conducted to evaluate the influence of glutamine levels in 
the pre starter diet on intestinal mucosa morphology and performance 
of broiler chicks. A total of 160 day-old Ross 308 broilers were used in 
a complete randomized block design with 3 treatments of 5 replicates. 
Diets were formulated to contain different levels of glutamine (basal diet 
0, 0.5, and 1%). Body weight and feed intake were measured at 6 and 
13 d. On d 0, 3, 6, and 13 post-hatch, 2 birds per replicate were weighed 
and killed, and samples of the duodenum, jejunum, and ileum were taken 
subsequently. Supplementation of diets with 1% glutamine improved 
growth performance and feed efficiency at 6 and 13 d post-hatch (P < 
0.05). On d 3 and 6, glutamine supplementation increased villi height 
and width in the small intestine (P < 0.05). On d 13, chicks fed glutamine 
supplemented diet had a longer villi height and width than those fed the 
basal diet (P < 0.05). Glutamine supplementation also decreased crypt 
depth of jejunum and ileum at 3, 6 and 13 d, but increased crypt depth 
in duodenum at 3 and 6 d of age (P < 0.05). Increase in glutamine levels 
of prestarter diet increased villi height to crypt depth ratio of jejunum 
and ileum at 3 and 6 d of age. On d 13, chicks fed diet containing 1% 
glutamine had a higher villi height to crypt depth ratio than those fed the 
basal diet (P < 0.05). Addition of 1% glutamine to the prestarter diets 
improved broiler growth performance and resulted in better development 
of the intestinal mucosa in broiler chicks.

Key Words: glutamine, prestarter diet, small intestinal and 
morphology.

255   Effect of low protein/low energy diet with normal calorie/
protein ratio on the laying and reproductive performances of 
Japanese quails (Coturnix coturnix japonica). M. S. Yusuf* and A. 
S. El-Nabtiti, Suez Canal University, Ismailia, Egypt.

This study was planned to determine the effect of normal protein/normal 
energy diet of adult Japanese quail (G1) compared with a low protein/
low energy diet (G2), on some laying performances, egg quality, some 
reproductive performance traits, tibia ash contents, and some serum 
biochemical parameters. Each group was divided into 3 replicates 10 
quails each, with sex ratio 1:4. The 2 diets were formulated to have the 
same calorie/protein ratio (145). The G1 of (20% CP and 2,900 kcal/
kg diet, the second cost-effective diet G2 was 18% CP and 2,610 kcal/
kg diet. The experimental period lasted 12 wk. The t-test was used to 
compare the values of means between the 2 groups (P < 0.05) and results 
indicated that dietary manipulation of G2 did not significantly (P < 0.05) 
differ from G1 in body weight change, daily feed intake, daily protein 
intake, egg production, egg weight, feed efficiency, mortality, egg shell 
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thickness, egg albumen index, egg yolk index. Hatchability and fertility 
was significantly (P < 0.05) in G2 than G1, there were nonstatistical dif-
ferences in hatched chick weight between G1 and G2. It was concluded 
that, dietary manipulation and using of 2%-low protein/low energy diets 
(with normal calorie/protein ratio-145) for laying Japanese quail may 
not affect the production.

Key Words: cost-effective diet, egg quality, laying Japanese quail, 
fertility, hatchability

256   Sunflower meal as a promising replacement for soybean 
meal in the quail diet. M. Ahmadi, M. Mehri, F. B. Kasmani*, and 
M. Ghazaghi, University of Zabol, Zabol, Iran.

This experiment was conducted to investigate the effects of substitution 
of soybean meal (SBM) with sunflower meal (SFM) on performance, 
carcass attributes, humoral immunity, and intestinal microbiota of grow-
ing Japanese quails from 11 to 32 d of age. Five levels of substitution 
of SBM with SFM (0, 25, 50, 75, and 100%) in a completely random-
ized design with 4 replicates of 12 birds each were used through the 
experimentation and all data were analyzed using GLM procedure of 
SAS. Feed intake (FI), body weight gain (BWG), and feed conversion 
ratio (FCR) were measured weekly. The antigen of sheep red blood 
cell (SRBC) was injected in breast muscle at 18 and 25 d of age for 
assessment of primary and secondary immuno-responses to SRBC 
antigen, respectively. Coliform bacteria were counted in cecal contents 
on MacConkey agar. The ANOVA showed that no significant effect was 
observed on BWG and FCR (P > 0.05). Feed intake was significantly 
decreased in birds fed diet containing 100% of substitution level of 
SFM during 11–18 and 11–25 d of age (P < 0.05). However, the effect 
of dietary SFM was not significant on the FI from 11 to 32 d of age. 
Dietary treatments have no significant effects on carcass attributes and 
relative weights of internal organs; however, the relative weight of 
gizzard was significantly higher in birds fed diet containing 100% of 
substitution level of SFM than other treatments. Antibody titer against 
SRBC injection was not significant between dietary treatments, however, 
humoral immunity tended to be lower in SFM-diets than that in control 
diet (P = 0.06). The use of 50% of SFM at the expense of SBM in the 
diet resulted in the highest counts (cfu) of coliforms (P < 0.05). Finan-
cial analysis revealed that high levels of SFM in the diet significantly 
decreased the cost of meat yield, in which, 75 and 100% of substitution 

of SBM with SFM could maximized the profit (P < 0.05). Therefore, 
optimum inclusion of SFM in quail diet may depend on cost production 
and marginal productivity, but 100% substitution of SFM for SBM did 
not have adverse effects on bird performance.

Key Words: Japanese quail, sunflower meal, performance, immune 
response

257   Influence of zinc oxide nanoparticles on growth perfor-
mance, carcass yield and gut morphological analysis of broiler 
chickens. F. Ahmadi*, Y. Ebrahimnezhad, N. M. Sis, and J. G. G. 
Kandi, Department of Animal Science, College of Agriculture, Sanan-
daj Branch, Islamic Azad University, Sanandaj, Iran.

This research was carried out to investigate the effect of zinc oxide 
nanoparticles (ZnO-NP) on growth performance, carcass yield and 
gut morphological analysis of broiler chickens. A total of 300 one-day 
old male broilers (Ross-308) randomly distributed in a completely 
randomized design including 5 treatments, 4 replicates and 15 birds in 
each experimental pen. Experimental diets were as follows: T1: control 
(without ZnO-NP and containing 36.27 mg of Zn/kg of diet); T2, T3, 
T4, and T5: basal diet supplemented with 30, 60, 90, or 120 mg of 
ZnO-NP/kg of diet, respectively. On 21 and 42 d of age, 4 birds (1 bird 
per replicate) with closest weight to mean treatment were selected and 
slaughtered. The carcass yield, breast, and thigh muscle measured. A 
section of duodenum and jejunum was removed (5 cm) and stored in 
formalin 10% (pH = 7.4) for gut morphological analysis. The results 
indicated that ZnO-NP had significantly increased (P < 0.05) live body 
weight and feed intake compared with control. The percentage weight 
of carcass, breast and thigh muscles in birds fed diet inclusion 90 mg 
of ZnO-NP were higher than (P < 0.05) control and other treatments. 
Also, villi height and villi height to crypt depth (VH/CD) ratio had 
significantly increased (P < 0.05) by dietary ZnO-NP compared with 
control and other treatments. In conclusion, results of the present study 
suggested that dietary ZnO-NP could improve live body weight (1.94%) 
and carcass yields (4.63%). The greatest improvement of performance 
and carcass yield was observed in birds fed a diet including 90 mg of 
ZnO-NP /kg diet.

Key Words: broiler, carcass, performance, zinc oxide, nanoparticle
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258   Temperature effects on slow and fast growing strains of 
broiler chickens: Processing yields, meat quality and myopathies. 
S. F. Bilgili*1, R. J. Lien1, J. B. Hess1, K. S. Joiner1, A. Cahaner2, and 
O. Halevy2, 1Auburn University, Auburn, AL, 2The Hebrew University 
of Jerusalem, Jerusalem, Israel.

The negative effects of high environmental temperatures (T) on growth 
and muscle accretion in chickens are often confounded by a reduction in 
feed consumption. The growth performance of broiler chickens of slow 
(Red Ranger) and fast (Ross 708) growth strains were assessed when 
reared under neutral (NT), warm (WT), and pair-fed N (PNT; birds in 
NT fed the amount of feed consumed by those in WT) conditions to 
separate the direct (T) and indirect (reduced appetite) effects of WT. A 
total of 1,008 male chicks were reared in 12 environmentally controlled 
rooms (4 rooms/ T; 2 pens/ room) to 55 d. Tissue and blood samples were 
collected from 2 birds/ pen for muscle histology and plasma creatine 
kinase (CK) levels at 55 d. Six birds per pen (144 total) were processed 
to determine carcass yields, breast meat quality (color, pH, drip loss), 
and the incidence and severity of white striping (WS), woody breasts 
(WB), and necrotic fillets (NF).Slaughter BW differed significantly 
(P < 0.001) between the slow and fast growth strains and among NT 
(2,392 vs. 4,642 g), WT (2,148 vs. 3,354 g) and PNT (2,065 vs. 3,669 
g), respectively. Carcass yields differed by strain (P < 0.001), with fast 
growth strain showing significantly higher average myofiber diameter. 
The proportion of breast fillet and tenders were reduced (P < 0.001) with 
WT, as compared with NT and PNT. Breast fillet were lighter in color 
in fast (L* = 56) compared with slow growth (L* = 51.8) strain. The 
proportion of breast fillets with severe WS, WB and NF was affected 
(P < 0.001) by strain (fast > slow), as well as rearing T (NT > WT > 
NPT). Incidence of severe WB (37.5 vs. 12.5%) and NF (33.3 vs. 7.3%) 
were significantly reduced in PNT as compared with WT trt. Plasma CK 
levels were highest for fast growth strain and increased from 49 to 55 
d of age in NT due to high rate of muscle growth and protein turnover. 
Negative effects of T on meat yields, quality and breast myopathies 
were more acute with the fast growth strain in this study.

Key Words: broiler, temperature, yield, myopathy

259   Postmortem changes in the water-holding capacity of 
broiler breast meat. B. Bowker* and H. Zhuang, USDA-ARS, 
Athens, GA.

The objective of this study was to measure postmortem fluctuations in 
water-holding capacity and related physicochemical properties in broiler 
breast fillets. Left and right breast fillets were deboned from carcasses 
of 42-d old broilers (n = 18) post-evisceration, chilled in an ice-bath 
for 45 min, and then stored at 4°C. The cranial, middle, and caudal por-
tions of both the left and right fillets of each carcass were designated 
for sampling at 0.75, 2, 4, 8, 12, or 24 h postmortem. Water-holding 
capacity was measured using the salt-induced water uptake assay. At 
8 h postmortem CIELAB color measurements were recorded for the 
fillets (L* 56.1 ± 2.5; a* −0.8 ± 0.5; b* 12.3 ± 2.0). Salt-induced water 
uptake percentage of the fillets changed in 3 distinct phases throughout 
the 24 h postmortem. From 0.75 to 2 h, average salt-induced water 
uptake increased (P < 0.0001) from 46 to 64%. Salt-induced water 
uptake decreased (P < 0.0001) to 29% from 2 to 8 h, and then gradually 
increased (P < 0.0001) to 44% from 8 to 24 h postmortem. Muscle pH 

decreased (P < 0.0001) from 0.75 to 8 h but then remained unchanged 
from 8 to 24 h postmortem. Inversely, the R-value increased (P < 0.0001) 
with time until 8 h postmortem. Protein denaturation, as indicated by 
protein solubility, also changed with postmortem time. Myofibrillar 
protein solubility was similar at 0.75 and 2 h, decreased (P < 0.0001) 
from 2 to 4 h, and then remained unchanged from 4 to 24 h postmortem. 
Sarcoplasmic protein solubility increased (P < 0.001) with postmortem 
time. Correlation analyses indicated that the relationships between salt-
induced water uptake and the various physicochemical traits changed 
with postmortem time. Changes in metabolic traits (pH and R-value) 
were more closely related to salt-induced water uptake from 2 to 8 h 
postmortem. Changes in protein solubility traits were more closely 
related to salt-induced water uptake from 8 to 24 h postmortem. Overall, 
data demonstrate that water-holding capacity in broiler breast meat peaks 
at 2 to 4 h postmortem and suggest that the influence of pH and protein 
denaturation on water-holding capacity changes with postmortem time.

Key Words: breast, broiler, postmortem time, protein solubility, 
water-holding capacity

260   Effect of marination on CIELAB L* values of early-
deboned broiler breast meat depends on raw material color light-
ness. H. Zhuang*1, B. C. Bowker1, and D. Samuel2, 1USDA-ARS, 
Athens, GA, 2Kraft Foods Oscar Mayer, Madison, WI.

The objective was to evaluate the effect of vacuum-tumbling marination 
on CIELAB L* values of early-deboned broiler breast fillets (p. major) 
with different color lightness. Early deboned (2 h postmortem) broiler 
fillets were visually selected based on their color lightness from a com-
mercial plant and sorted into 3 color lightness groups: light, medium, and 
dark. Samples were marinated in a vacuum tumbler (−0.6 atm, 16 rpm, 20 
min) with 20% wt/wt marinade at either 6 or 24 h postmortem yielding 
0.75% NaCl and 0.45% phosphate in the final product. Non-marinated 
fillets served as controls. Fillet surface CIELAB L* was measured using 
a Minolta CM-700d spectrophotometer at 2 h (pre-marination) and 48 h 
postmortem (post-marination). For the non-marinated light fillets, there 
was no difference in L* values at 2 h (mean L* value of 60.6) and 48 h 
postmortem (61.4); however, L* values of marinated fillets (56.3) were 
less (P < 0.05) than those of control fillets regardless of the postmortem 
time of marination (6 or 24 h). For the non-marinated medium fillets, L* 
values measured 48 h postmortem (58.3) were greater (P < 0.05) than at 
2 h postmortem (53.1); however, the L* values of marinated fillets at 48 
h postmortem (55.1) were less (P < 0.05) than non-marinated controls. 
For the dark fillets, L* values at 48 h (>53.0) were greater (P < 0.05) 
than at 2 h postmortem (<47.5), but there were no differences between 
marinated and control samples. The postmortem time of marination (6 
vs. 24 h) did not have a significant effect (P > 0.05) on the L* value of 
any of the fillets regardless of initial color lightness. Overall, marina-
tion reduced L* values in light and medium color fillets; however, for 
dark fillets, L* values were not affected by marination. These results 
demonstrate that tumbling marination can significantly affect CIELAB 
L* values (color lightness) of chicken fillets and that the effects depend 
on initial raw meat lightness.

Key Words: chicken, breast meat, marination, color, CIELAB L*
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261   Lipid oxidation stability of conjugated linoleic acid-
enriched chicken meat. C. Narciso-Gaytan*1, A. S. Hernandez-
Cazares1, N. Real-Luna1, J. Velasco-Velasco1, A. Costreras-Oliva1, S. 
B. Smith2, and C. Z. Alvarado2, 1Colegio de Postgraduados Campus 
Cordoba, Amatlan de los Reyes, Mexico, 2Texas A&M University, 
College Station, TX.

The objective of this project was to assess the effect of dietary conjugated 
linoleic acid (CLA) on the fatty acid composition and lipid oxidation 
stability of chicken meat. Six hundred broilers chicks were raised up to 
6 weeks of age. Broilers were fed a basal corn-soybean meal diet includ-
ing soybean oil (SB), CLA (Lutalin, BASF), or a 1:1 SB-CLA mixture, 
at 2% and 4% diet inclusion levels. Broilers were randomly assigned 
into 6 treatments with 4 replications, each with 25 broilers. At the end 
of the feeding period, broilers were slaughtered following commercial-
like procedures. Breast and thigh meat samples were collected, skinned, 
deboned, and trimmed of fat and connective tissue. Separately, the meat 
was ground and formed into patties of 150 g, followed by cooking in a 
convection oven up to 74°C internal temperature. Cooked meat patties 
were cooled at room temperature for 1 h, placed in plastic bags, and 
stored in refrigerated conditions during 0, 3, 6, and 9 d. TBARS analysis 
was conducted at each storage day, malonaldehyde (MDA) values were 
quantified in the meat. The results showed an important effect of the 
dietary oils on the fatty acid composition of the meat. Muscle from the 
CLA treatment showed a higher significant (P < 0.05) content of satu-
rated fatty acid and deposition of cis-9,trans-11 and trans-10,cis-12 CLA 
isomers, compared with the SB treatment. Dietary oils also affected the 
lipid oxidation stability of breast and thigh meat. For instance, in breast 
meat the lowest MDA values were detected in the CLA treatment (0.9, 
2.0, 3.4, and 4.2 mg/kg in d 0, 3, 6, and 9, respectively), intermediate 
values in the SB-CLA (0.9, 2.8, 4.6, and 6.0 mg/kg in d 0, 3, 6, and 
9, respectively), and the highest values in the SB treatment (1.2, 4.6, 
6.5, and 10.1 mg/kg in d 0, 3, 6, and 9, respectively), with significant 
differences starting at d 3 of storage (P < 0.05). Similar differences 
were observed in thigh meat. In conclusion, feeding dietary CLA oil to 
broilers induces the deposition of CLA isomers and higher proportion 
of saturated fatty acids in the muscle, and lowers the susceptibility of 
cooked meat to lipid oxidation development when compared with SB 
oil or SB-CLA mixture.

Key Words: CLA, meat, lipid oxidation stability

262   Assessment of density in enriched colony cages: Egg 
quality. D. R. Jones*1 and D. M. Karcher2, 1Egg Safety and Quality 
Research Unit, USDA-ARS, Athens, GA, 2Department of Animal Sci-
ence, Michigan State University, East Lansing, MI.

Enriched colony cage production systems are becoming more prevalent 
in the United States. A study was undertaken to determine the effect of 
housing density on hen health, well-being, egg production and quality. 
Six densities were examined with 8 housing replicates per density. Egg 
quality was assessed at hen ages 22, 35, 49, and 64 wks. Cracked eggs 
were removed and eggs were stored overnight at 5C before analysis. 
All egg quality measurements were completed the following day and 
monitored on a per egg basis, except for yolk color which was conducted 
on pools. A density × hen age (P < 0.05) interaction existed for shell 
dynamic stiffness. Static compression shell strength decreased with hen 
age (P < 0.05). Egg weight increased with hen age (52.91 g, 22 wk; 
61.63 g, 64 wk; P < 0.05). There were differences in the rate of change 
in Haugh units among the treatments as hens aged (P < 0.05). Static 

compression vitelline membrane strength and elasticity were greatest at 
22 wk (272.56 g and 8.53 mm, respectively) and lowest at 64 wk (125.58 
g and 6.68 mm, respectively; P < 0.05). Shell thickness decreased as 
hens aged but at different rates for the 6 densities (P < 0.05). Hen age 
affected all egg quality measurements monitored. Density and hen age 
affected the rate of change in shell thickness, shell dynamic stiffness, 
and Haugh units. Currently, no clear recommendations can be made for 
enriched colony cage density and resulting egg quality.

Key Words: enriched colony cage, egg quality, egg weight, Haugh 
unit, density

263   Horizontal transmission of Salmonella Enteritidis in 
experimentally infected laying hens housed in conventional or 
enriched cages. R. Gast*1, R. Guraya1, D. Jones1, and K. Anderson2, 
1USDA-ARS, Egg Safety and Quality Research Unit, Athens, GA, 
2North Carolina State University, Raleigh, NC.

The majority of human illnesses caused by Salmonella Enteritidis are 
attributed to contaminated eggs, and the prevalence of this pathogen in 
commercial laying flocks has been identified as a leading epidemiologic 
risk factor. Flock housing and management systems can affect opportu-
nities for the introduction, transmission, and persistence of food-borne 
pathogens in poultry. The animal welfare implications of different 
types of housing for laying hens have been widely discussed in recent 
years, but the food safety consequences of these production systems 
remain incompletely understood. The present study assessed the effects 
of 2 different housing systems (conventional cages and colony cages 
enriched with perching and nesting areas) on the horizontal transmission 
of experimentally introduced S. Enteritidis infection within groups of 
laying hens. In each of 2 trials, 136 hens were distributed among cages 
of both housing systems and approximately one-third of the hens in 
each cage were orally inoculated with doses of 108 cfu of S. Enteritidis 
(phage type 13a in one trial and phage type 4 in the other). At regular 
intervals through 23 d post-inoculation, cloacal swabs were collected 
from all hens (inoculated and uninoculated) and cultured for S. Enter-
itidis. Horizontal contact transmission of infection was observed for 
both S. Enteritidis strains, reaching peak prevalence values of 27.1% of 
uninoculated hens in conventional cages and 22.7% in enriched cages. 
However, no significant differences (P > 0.05) in the overall frequencies 
of horizontal S. Enteritidis transmission were evident between the 2 types 
of housing. These results suggest that opportunities for S. Enteritidis 
infection to spread horizontally throughout laying flocks may be similar 
in conventional and enriched cage-based production systems.

Key Words: Salmonella Enteritidis, chicken, horizontal transmission, 
conventional cage, enriched cage

264   Prevalence, serotypes, and antibiotic-resistant phenotypes 
of Salmonella enterica isolates in retail poultry products. C. S. 
Sharma* and A. Ates, Mississippi State University, Mississippi State, 
MS.

The objective of this study was to determine the prevalence of Salmo-
nella and antibiotic resistant Salmonella phenotypes in retail poultry 
products. Ground turkey (n = 120) and skinless, boneless chicken breast 
fillet (n = 117) samples were randomly collected from 3 different local 
grocery stores. All samples were analyzed for the presence of Salmonella 
using selective enrichment procedure of the USDA FSIS. Salmonella 
isolates were confirmed by serology and biochemical characterization. 
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All the isolates were serotyped. Antibiotic resistant phenotypes of 
Salmonella isolates were determined as per the Clinical and Labora-
tory Standards Institute method. Salmonella was detected in 16.7% 
(20/120) and 11.1% (13/117) of ground turkey and chicken breast fillet 
samples, respectively. The predominant serotypes isolated from ground 
turkey were S. Heidelberg and S. Saintpaul (7 isolates each), whereas 
S. Typhimurium var 5- (10 isolates) was the primary serotype isolated 
from chicken breast samples. All except one isolates of S. Typimurium 
var 5- were resistance to sulfisoxazole and tetracycline. Among turkey 
isolates, 4 isolates were pan-susceptible, 5 isolates displayed resistance 
to 1 single antibiotic, 1 isolate to 2 drugs, 3 isolates to 3, 4 isolates to 
4, 2 isolates to 7 drugs, and 1 isolate to 10 antimicrobials. Multidrug 
resistance (MDR) was primarily observed in S. Heidelberg isolates. All 
the 7 S. Heidelberg isolates were resistant to at least 3 antibiotics. The 
prevalence of MDR Salmonella in retail poultry products can be a food 
safety concern and more effective measures are needed to eliminate 
the prevalence of MDR Salmonella strains in retail poultry products.

Key Words: Salmonella, ground turkey, chicken breast, antibiotic 
resistance, serotype

265   Bacterial poultry pathogens and control with natural and 
organic antimicrobial. N. Chowdhury, S. Salaheen, J. A. Almario, 
M. Peng, and D. Biswas*, University of Maryland, College Park, 
MD.

Staphylococcus aureus, Pasteurella multocida, Salmonella Pullorum, 
and Salmonella  Gallinarum are recognized as the common poultry 
bacterial pathogens in both pasture and conventional production systems 
and are associated with reduced animal health and economic losses to 
farmers. Management strategies to prevent and control of these patho-
gens are lacking whereas cure rates using antibiotics or vaccination vary 
considerably due to several limitations. In addition, antibiotic use is 
coming under increasing public scrutiny due to the possible development 
of resistant pathogens. Therefore, new strategies to control or treat of 
the diseases caused by these pathogens are warranted. The objective of 
this study was to investigate the role of alternative therapeutic interven-
tion to reduce diseases with these bacterial pathogens in poultry using 
bioactive components from citrus oil and berry pomace extracts. Growth 
inhibition experiments with berry pomace extracts, and citrus oil and 
its fractions were carried out using broth dilution method. Cytotoxic 
effects of the functional components against relevant cell culture models 
were also performed. We found that growth of S. aureus, P. multocida, 
S. Pullorum, and S. Gallinarum were inhibited by >5 logs by blackberry 
pomace extracts and growth of S. aureus and P. multocida were reduced 
by >4 logs in the presence of blueberry pomace extracts, respectively. 
Citrus oil and its 2 fractions (linalool and citral) reduced the growth 
of these bacterial pathogens by >5 logs, except effect of citral against 
S. Gallinarum. But the minimum bactericidal concentrations showed 
mixed cytotoxic effect against cultured mammalian cells used in this 
study. The use of citrus oil and its fraction and bioactive fractions 
of pomace extracts could be a promising new therapeutic option for 
improving control and treatment of S. aureus, P. multocida, S. Pullorum 
and S.Gallinarum diseases in poultry. This study also indicates that 
these natural anti-microbials can be used economically as alternative 
therapeutic agents deliver through as feed and/or water supplements 
and control production losses.

Key Words: Staphylococcus aureus, Pasteurella multocida, Salmo-
nella Pullorum, Salmonella Gallinarum

266   Effect of vaccine and Echinacea purpurea extract on 
colonization of broilers with Campylobacter jejuni. H. Ebrahimi1, 
S. Rahimi*1, P. Khaki2, G. Sajadi1, A. Rahimi3, and M. Naghizadeh1, 
1Tarbiat Modares University, Tehran, Iran, 2Razi Vaccine and Serum 
Production Research Institute, Karaj, Iran, 3Islamic Azad University, 
Tehran, Iran.

Campylobacter jejuni is a zoonotic bacterial pathogen with worldwide 
distribution. It is estimated that 400 million human infections occur 
in the world per annum. Chickens which are often heavily colonized 
with Campylobacter show no pathologic signs and are considered as 
the most important source for human infection. Therefore, there is a 
critical need to reduce Campylobacter jejuni populations in the gas-
trointestinal tract of broilers. In this study, we investigated the effect 
of a formalin-inactivated C. jejuni whole-cell vaccine and Echinacea 
purpurea alcoholic extract (EPAE) as stimulator of the immune system 
on levels of C. jejuni in the cecum of broilers. EPAE was provided in 
drinking water (1:1000, vol/vol) until d 14 and then 8 h per day. Day-old 
male broiler chicks (Ross 308) were randomly assigned to 7 treatment 
groups, each with 30 birds (10 in each of 3 separate pens). Treatments 
differed in regard to whether the vaccine was administered, the timing 
of vaccination (d 1 vs. vaccination on both d 1 and d 14, by inoculation 
in crop (gavage)), and whether EPAE was administered. Birds were 
challenged on d 21 by gavage of 1 mL (6 × 107 cfu/mL) of the same C. 
jejuni strain employed for the preparation of the vaccine. On d 28 and 
42, 2 birds/pen were euthanized, and cecal contents were used for C. 
jejuni enumeration. The inactivated Campylobacter vaccine resulted in 
a 65% decrease in CFUs of C. jejuni in the cecum (9.67 vs. 10.12 log10 
cfu/mL; P < 0.001). The decrease was most pronounced in the presence 
of EPAE (P < 0.001), suggesting a synergistic interaction between the 
vaccine and EPAE in the observed reduction of C. jejuni colonization. 
Result of immune system tests also showed strong and positive effect 
of EPAE on immune system of broilers (P < 0.001).

Key Words: broiler, Campylobacter jejuni, colonization, Echinacea 
purpurea, vaccination

267   Feeding XPC can reduce Campylobacter in broilers. D. R. 
McIntyre*1, C. L. Hofacre2, and G. F. Mathis3, 1Diamond V, Cedar 
Rapids, IA, 2University of Georgia, Athens, GA, 3Southern Poultry 
Research Group, Athens, GA.

Broiler chickens were challenged with Campylobacter coli to evaluate 
the effects of XPC on C. coli colonization and transmission. Day-old 
Cobb chicks (n = 1200) were housed in 24 floor pens with 1 of 3 feed 
treatments (T). T1 birds received Starter (S), Grower (G) and Finisher 
(F) feed. T2 and T3 received the S plus XPC at 2.5 lb/t from 0 to 21 d: 
then 1.25 lb/t for T2 and 2.5 lb/t for T3. No feed antibiotic or coccidiostat 
was used. The birds were vaccinated with Coccivac-B at 0 d. At 14 d, 25 
tagged birds/pen were orally gavaged with a gentamicin resistant strain 
of C. coli (106 cfu/mL). The remaining 25 birds/pen were not tagged 
or challenged. At 35 and 42 d, birds and feed were weighed. Then at 
42 d, 15 birds/pen (5 tagged and 10 nontagged) were sampled and the 
ceca removed for C. coli colonization. No differences were observed 
for weight gain or livability. FCR was improved (P < 0.05) by the 
addition of XPC at both levels (1.90, 1.90 vs. 1.93, for T2, T3, and T1, 
respectively). C. coli prevalence (% positive) in 42 d contact-challenged 
birds was reduced in T3 (P = 0.02) compared with T1, with T2 being 
intermediate (17.5, 10.0, and 1.3% for T1, T2, and T3, respectively). 
T3 had the lowest MPN (P = 0.09) for contact-challenged birds (37, 
14, and 0.94 MPN/g, for T1, T2, and T3, respectively). Based on these 
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results, XPC-fed broilers had improved FCR and a lower prevalence 
and load of Campylobacter at market age.

Key Words: Campylobacter, food safety, broiler

268   Feeding XPC reduces Campylobacter in turkey hens. D. 
Smith*1, J. Grimes1, D. McIntyre2, M. Crespo Rodriguez1, C. Shen-
ton1, I. Barasch1, C. Evans1, and S. Essick1, 1Prestage Department 
of Poultry Science, North Carolina State University, Raleigh, NC, 
2Diamond V, Cedar Rapids, IA.

Commercial turkey hens were challenged with Campylobacter (C.) 
coli to evaluate the effects of XPC, a product containing fermentation 
metabolites, on C. coli colonization and transmission. Day-old Hybrid 
hen poults (n = 288) were assigned to either Treatment (T) or Control 
(C) with 12 floor pens each and 12 birds/pen. Four diets were fed from 
0 to 12wk: Starter 1 (S1), Starter 2 (S2), Grower 1 (G1), and Grower 
2 (G2). T birds had XPC at 2.5lb/t in S1 and S2 and 1.25lb/t in G1 and 
G2; C birds received no XPC. No antibiotic or coccidiostat was used in 
any feed. All birds and feed were weighed at 10 and 12 wk. At 10 wk, 
5 birds/pen were banded and orally gavaged (direct inoculation, DI) 
with a gentamicin-resistant marker strain of C. coli (106 cells/mL). The 
other 7 birds/pen were not challenged and were used to assess horizontal 
transmission (HT) of C. coli. At 12 wk, 10 birds/pen (5 DI and 5 HT) 
were euthanized and ceca were removed for C. coli culture. A loop of 
cecal contents was direct plated onto CCDA+gentamicin (200 ppm) to 
determine presence of C. coli; 1 g of cecal contents was serially diluted 
in BPW, plated on CCDA+gentamicin, and incubated in a microaero-
philic environment for 48 h at 42°C to determine numbers of C. coli. 
No differences were observed for weight gain or livability. FCR was 
significantly improved (P < 0.05) for T compared with controls (t = 1.90; 
C = 1.95). C. coli prevalence (% positive) was significantly reduced in 
T birds compared with C birds in the HT group (t = 75% vs. C = 93%). 
Among both DI and HT birds, C. coli numbers were reduced from 4.5 
to 3.5 log10 cfu/g in C vs. T birds, respectively. Results indicate XPC-
fed turkey hens had improved FCR, lower prevalence of C. coli among 
birds exposed to horizontal transmission, and overall lower numbers 
of C. coli at market age.

Key Words: Campylobacter coli, turkey hen, food safety

269   The effectiveness of direct-fed microbial and prebiotic on 
histomorphology of intestine, ultrastructural changes of intestinal 
mucosa, and performance of turkey poults infected with Salmo-
nella and Campylobacter. S. Rahimi*1, J. Grimes2, S. Kathariou2, 
and O. Fletcher2, 1Tarbiat Modares University, Tehran, Iran, 2North 
Carolina State University, Raleigh, NC.

The study was conducted to evaluate the effect of Calsporin, a probiotic 
or direct-fed microbial (DFM), and IMW50, a prebiotic mannanoligosac-
charides (MOS) on performance, reduction of Salmonella and Campy-
lobacter colonization in the digestive tract, intestine histomorphology, 
and ultrastructural changes of intestinal mucosa in turkey poults. A 21 d 
battery cage study was conducted using 4 dietary treatments, including 
(1) a basal diet as negative control (NC); (2) the basal diet supplemented 
with 0.05% DFM; (3) the basal diet supplemented with 0.05% MOS; and 
(4) the basal diet supplemented with 0.05% mixture of DFM and MOS. 
Three hundred thirty-six day-old female Large White Turkey poults 
were randomly distributed in 6 electric heated battery cages with 12 
treatments of 4 replicates per treatment containing 7 poults per pen. The 
first 16 pens were not infected with bacteria, poults in pens 17–32 were 
orally challenged at d 7 with 1 mL of 105 cfu/mL Salmonella Heidelberg, 
and the poults in pens 33–48 were orally challenged at d 7 with 1 mL 
of 105 cfu/mLCampylobacter jejuni. Feed intakes, body weight gain, 
and FCR were measured weekly and at the end of the experiment. At 
d 21, fresh fecal samples from each pen were collected for Salmonella 
Heidelberg and Campylobacter jejuni enumeration, and ileal tissue 
samples were collected from one bird per pen for histomorphometry 
and ultrastructural examination. Results showed significant increase of 
BW in both IMW and CSP treatments compared with control groups 
(P ≤ 0.05), also reduction of S. Heidelberg in fecal samples of poults 
with DFM and MOS (P < 0.05). Data also showed increased surface 
area of villi (66,599 vs. 59,247 µm2; P < 0.05), increased length of villi 
(651 vs. 591 µm; P < 0.05) and increased number of goblet cells (825 
vs. 754; P < 0.05). Electron micrographs showed higher number of 
segmented filamentous bacteria and more mucus secretion in DFM and 
MOS supplemented groups compared with control groups (P < 0.05). 
The results suggest that Calsporin and IMW50 enhance ileal mucosal 
health and performance of turkey poults.

Key Words: DFM, MOS, Salmonella, Campylobacter, turkey poult
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270P   Comparing the use of bird-level versus room illumina-
tion on broiler production, fear, and stress. B. Rocha* and G. S. 
Archer, Texas A&M University, College Station, TX.

Lighting can greatly alter broiler production and behavior. Currently, 
more energy-efficient means of illuminating broiler barns are being 
sought. Using LED light bulbs that are easily retrofit into existing 
electrical sockets are starting to become an alternative to incandescent 
bulbs. However, they still do not maximize the energy savings capacity 
of this technology as the bulbs must light the barn from the ceiling down. 
This project investigated using LED lighting attached to the feeders and 
waterers to light only the bird level. The treatments (n = 120 birds per 
treatment) were incandescent lighting (Incan), LED lighting (LEDhi) 
and LED lighting at bird level (LEDlo). All lighting was 23L:1D at 20 
lx for 14 d and then was changed to 20L:4D at 5 lx for the remaining 
31 d. Fearfulness was determined using several fear tests and stress sus-
ceptibility was assessed using a composite asymmetry score determined 
by middle toe length and metatarsal length and width. The Incan (2.73 
± 0.08 kg) birds weighed less (P < 0.05) after 45 d than both the LEDhi 
(2.95 ± 0.06 kg) and LEDlo birds (3.02 ± 0.05 kg). The LEDlo (1.61 ± 
0.02) birds had better (P < 0.05) FCR than the Incan (1.71 ± 0.03) and 
LEDhi birds (1.67 ± 0.01). The LEDlo birds were less fearful (128.6 
± 9.15 s; 13.3 ± 2.1 s; P < 0.05) than the other birds in the emergence 
(Incan, 160.7 ± 6.7 s; LEDhi, 148.9 ± 7.4 s) and isolation tests (Incan, 
27.7 ± 3.7 s; LEDhi, 23.2 ± 3.7 s). Both LED groups were less fearful 
(P = 0.05) during tonic immobility (LEDlo, 230.5 ± 27.6 s; LEDhi, 
225.3 ± 25.9 s) and had lower composite asymmetry (LEDlo, 13.32 ± 
0.15 mm; LEDhi, 1.68 ± 0.15 mm), when compared with the Incan birds 
(312.3 ± 26.6 s; 2.82 ± 0.19 mm). All data were analyzed using PROC 
GLM and significant differences were considered at P < 0.05; the LSD 
post hoc procedure was used for mean separation. The results indicate 
that illuminating the birds at their level not only increases growth and 
feed conversion but results in birds that are less fearful and less stress 
susceptible. This method of illuminating birds might save energy and 
improve production and bird welfare.

Key Words: lighting, LED, broiler, fear, stress

271P   The effect of dietary supplementation of Agrado on per-
formance, egg quality, and behaviors in Bovans Brown hens. J. 
Y. Hu*1, R. L. Dennis2, and H. W. Cheng2, 1Purdue University, West 
Lafayette, IN, 2Livestock Behavior Research Unit, USDA-ARS, West 
Lafayette, IN.

Agrado is an antioxidant (ethoxyquin, propylene glycol, and propyl gal-
late) with functions in reducing lipid oxidation and preventing harmful 
free radical formation that negatively affects health and productivity 
in animals. The objective of this study was to determine if dietary 
supplementation of Agrado improves hen performance, egg quality, 
and behaviors following transportation and regrouping for housing. 
Forty-eight Bovans Brown hens at 28 wk of age were regrouped and 
transferred from floor pens to conventional cages (2 birds/cage) at 12 
replicates per treatment. The cages were randomly assigned to either 
control (fed a commercial diet) or 1 of 3 treated groups receiving Agrado 
(low, 200 ppm; medium, 400 ppm; and high 600 ppm, respectively) 
for 2 wk. Egg production was recorded daily; feed intake, egg qual-
ity, and body weight gain were recorded weekly. Behaviors (eating, 

drinking, and cage pecking) were measured twice per week. Data were 
analyzed using an ANOVA in the MIXED model procedure of SAS. 
Egg production was increased in all treated hens compare with controls 
(P < 0.001) but without dose effects (P > 0.1). The incidence of broken 
eggs was greatest in the control group compared with treated hens (P 
= 0.0004). BW was reduce in all hens over the time period, however, 
compared with controls, medium treated birds tended to lose less (P = 
0.06), together with a tendency to have a higher feed intake (P = 0.1). 
The medium group hens also exhibited less stereotypic behaviors such 
as cage pecking (P = 0.001) than controls. Our data suggest that dietary 
supplementation of Agrado, especially at 400 ppm, has positive effects 
on hen egg production and well-being.

Key Words: Agrado, antioxidant, hen, egg performance, behavior

272P   The effect of thermally cooled perches installed in cages 
on White Leghorn hen performance. H. W. Cheng*1, M. M. 
Makagon2, R. S. Gates3, J. Y. Hu2, S. A. Enneking1, and P. Y. Hester2, 
1Livestock Behavior Research Unit, USDA-ARS, West Lafayette, 
IN, 2Purdue University, West Lafayette, IN, 3University of Illinois, 
Urbana, IL.

As producers convert from conventional to enriched cages, the use of 
thermally cooled perches as a tool to minimize the deleterious effects of 
heat stress on hens requires evaluation. Our objective was to determine 
if use of water cooled perches during the summer of 2013 affected hen 
performance, feather condition, and foot health. White Leghorn pullets 
(n = 162), 16 wk of age, were assigned to 1 of 3 banks of 6 cages each. 
A bank consisted of 3 deck levels with 2 cages per deck. Each bank was 
assigned to 1 of 3 treatments from 16 to 32 wk of age: (1) conventional 
cages with circular perches that were cooled with circulating water when 
temperature within the perch exceeded 25°C during June through Sep-
tember, (2) conventional cages with the same perches but with ambient 
air and no coolant, and (3) conventional cages without perches. Hens 
were subjected to 4 h of acute stress of 32.0 to 34.6°C at 27.6 wk of age. 
Numbers of eggs, including cracked and dirty eggs, were recorded daily 
for each cage. Feed used during a 7 d period was determined for each 
cage at 20, 25, and 30 wk of age. Eggs were collected from each cage 
at 23, 26, and 29 wk of age to measure weight and shell traits. Feather 
condition and foot health was examined for each hen at 32 wk of age. 
Data were subjected to an ANOVA. Egg production, cracked and dirty 
eggs, egg weight, shell weight, % shell, shell thickness, feed utilization, 
feather score, and hyperkeratosis score of the feet did not differ among 
treatments. Metal perches affected nail length (P = 0.002, SEM = 0.04). 
Hens with access to the water cooled perches had shorter nails (1.31b 
cm) than caged hens with no perch (1.53a cm). The nails of hens given 
access to the non-cooled perches were intermediate in length (1.42ab 
cm). In conclusion, thermally cooled perches used during a mild summer 
with 4 h of acute heat stress did not affect hen performance. Further 
evaluation is needed to determine the effectiveness of thermally cooled 
perches on hen performance under more stressful conditions than those 
experienced in the current study.

Key Words: cooled perches, egg production, shell traits, hyperkera-
tosis, foot health
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273P   The musculoskeletal health of caged White Leghorn 
hens with access to thermally cooled perches. P. Y. Hester*1, 
M. M. Makagon1, R. S. Gates2, J. Y. Hu1, S. A. Enneking3, and H. 
W. Cheng3, 1Purdue University, West Lafayette, IN, 2University of 
Illinois, Urbana, IL, 3Livestock Behavior Research Unit, USDA-ARS, 
West Lafayette, IN.

Enriched cages that include perches are being installed into commercial 
egg laying facilities to meet some behavioral needs of laying hens. 
Because excessive heat can compromise animal welfare causing stress 
and inducing mortality, the use of thermally cooled perches to minimize 
the deleterious effects of heat stress in caged laying hens needs assess-
ment. The objective of the current study was to determine if use of water-
cooled perches during the summer of 2013 affected bone mineralization 
and muscle deposition of 32-wk-old White Leghorn hens. Pullets, 16 wk 
of age, were assigned to 1 of 3 banks of 6 cages each. A bank consisted 
of 3 deck levels with 2 cages per deck. Each bank was assigned to 1 
of 3 treatments from 16 to 32 wk of age: (1) conventional cages with 
round metal perches that circulated cooled water when perch temperature 
exceeded 25°C, (2) conventional cages with identical perches except 
there was no coolant, and (3) conventional cages with no perches. A 4-h 
acute heating episode where temperatures were increased to a range of 
32.0 to 34.6°C was instigated when hens were 27.6 wk of age. Hens (n 
= 12/treatment) were euthanized and BW determined at 32 wk of age. 
Mineralization of the left femur, tibia, keel, humerus, ulna, and radius 
was determined using dual energy x-ray absorptiometry. The muscles 
and tendons of the breast, thigh, and drum were excised from bone and 
weighed. Data were subjected to an ANOVA or an analysis of covari-
ance with BW as the covariate where appropriate using the MIXED 
model procedure of SAS. Bone mineralization and muscle deposi-
tion were not affected by treatment. As an example, the bone mineral 
densities of the keel were 0.091 ± 0.002, 0.095 ± 0.004, and 0.088 ± 
0.003 g/cm2 (P = 0.58) for hens of the cooled perch, non-cooled perch, 
and control (no perch) treatments, respectively. In conclusion, cooled 
perches had no effect on musculoskeletal health of 32-wk-old White 
Leghorn hens perhaps because the summer of 2013 was characterized 
as mild and the 4 h of acute heat stress occurred 5 wk before assessing 
musculoskeletal health.

Key Words: cooled perches, bone mineralization, muscle deposition, 
White Leghorn, heat stress

274P   Pre-stun shocks in electrical water-bath stunners in 
broiler: Indicative of animal welfare and effects on carcasses. 
C. M. Giacomazzi1, A. M. Silveira1, G. P. Bergmann1, R. D. Sainz2, 
and L. Kindlein*1,2, 1Federal University of Rio Grande do Sul, Porto 
Alegre, Brazil, 2University of California, Davis, CA.

The objective of the present study was to test a relationship between 
pre-stunning shock in electrical water-bath stunners and the occurrence 
of hemorrhagic lesions in broilers carcasses. Thus, the hypothesis was 
that meat quality could be an indicator of animal welfare. A review of 
the literature has suggested that some birds receive a painful electrical 
shock before their stunning, detrimentally affecting their welfare. This 
would be a strong failure in the welfare of these animals. Thus, a total 
of 40,006 broilers from 29 different origins, raised in a traditional inten-
sive system, were slaughtered in a plant in Rio Grande do Sul, Brazil. 
The presence of an electrical shock to the birds immediately before 
stunning in the immersion tank was checked by visual assessment of 
the birds’ behavior. The voltage, current, and frequency of the stunning 
tub were standardized to 70 V, 1.4 A, and 1.2 kHz, respectively. During 
postmortem inspection, the carcasses were evaluated for the presence 
or absence of hemorrhagic lesions and location of these lesions (wings, 

breast, and legs). Data were analyzed using the Chi-squared test (5%) 
using SPSS software, and the correlations between “occurrence of pre-
shock” and “occurrence of carcass lesions,” were performed considering 
the location of lesions and body weight. Within all 29 lots evaluated, 
82.75% of the birds displayed pre-shock behavior. The percentage of 
bruises in the chest was significantly higher (2.95 ± 2.7) for birds that 
suffered pre-shock compared those that did not (0.6 ± 0.89; P < 0.05). 
The hemorrhagic lesions occurrence on the wings and legs did not differ 
with the absence (10.4 ± 2.40% and 14.2 ± 6.37%) or presence (9.04 ± 
3.31% and 9.5 ± 4.75%) of pre-shock. Birds with lower body weight 
(2.71 ± 0.21 kg) had a higher incidence of pre-shock compared with 
animals with higher weight (3.17 ± 0.11 kg; P < 0.05). The very high 
percentage of pre-shock occurrences demonstrated an animal welfare 
problem. This failure in the slaughter process resulted in an increased 
incidence of hemorrhagic lesions in the carcass detected only in the chest.

Key Words: animal welfare, hemorrhagic lesion, pre-stun shock, 
meat quality

275P   Effects of dietary tryptophan on serotonin and behavior 
in laying hens. R. L. Dennis* and H. W. Cheng, Livestock Behavior 
Research Unit, USDA-ARS, West Lafayette, IN.

Serotonin (5-HT), an indolamine neurotransmitter synthesized from 
tryptophan (TRP), has been shown to regulate aggressive and impulsive 
behaviors including feather pecking and stereotypic behaviors. The 
present study investigated the effects of feeding excess TRP on behavior 
and neurophysiology. White Leghorn hens (n = 144) were assigned to 
2-bird cages and fed either a standard layer diet (C; 0.16% TRP) or diets 
supplemented with TRP at a final concentration of 0.4, 0.8 and 1.6%. 
Diets were fed from 18 to 26 wk of age. Behaviors were recorded and 
analyzed for frequency of feather pecking, aggressive behaviors and 
stereotypic displays, by continual sampling for two 1-h periods at 25 
wk of age (n = 18 cages/trt). Blood and brain samples (raphe nucleus 
and hypothalamus) were taken from one bird per cage at 26 wk of age 
(n = 12/trt). Blood was analyzed for 5-HT concentrations and the left 
brain regions were analyzed for 5-HT and dopamine (DA) concentra-
tions, and their metabolites, 5-hydroxyindoleacetic acid (5-HIAA) and 
homovanillic acid (HVA) by HPLC. The right brain regions were ana-
lyzed by qRTPCR for differential expression of 5-HT1A and 5-HT1B 
receptor genes. Data were analyzed using an ANOVA. Hens fed 1.6% 
dietary TRP displayed fewer aggressive behaviors and body shakes (P 
< 0.004 and 0.05, respectively). Cage pecking was decreased in 0.4 and 
0.8% fed hens compare with both C and 1.6% hens (P < 0.02 and 0.04, 
respectively). Compared with C, whole blood 5-HT concentrations were 
increased in all treated groups (P < 0.01). Hens fed 1.6% had higher 
5-HT concentrations in the hypothalamus (P < 0.03) but not the raphe 
nucleus (P = 0.06), compared with C. DA and HVA were also greatest 
in the raphe nucleus of 1.6% fed hens compared with C (P < 0.001 and 
0.03, respectively). There was no treatment effect on the expression of 
5-HT1A or 5-HT1B receptor genes (P = 0.66 and 0.72, respectively). 
These data show that dietary TRP caused modification of the neural 
systems is concentration and region dependent. Our results suggest a role 
for dietary TRP to improve hen well-being by reducing the expression 
of cage pecking and aggressive behaviors.

Key Words: laying hen, tryptophan, serotonin, behavior, well-being
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276P   Effect of methionine on feather follicle development of 
chickens. J. H. Vilar-Da Silva*1, F. Gonazález-Cerón1, E. W. How-
erth2, and S. E. Aggrey1, 1Department of Poultry Science, University 
of Georgia, Athens, GA, 2Veterinary School, University of Georgia, 
Athens, GA.

We studied the effects of methionine supplementation on feather follicle 
development in dorsal and ventral area of Cobb broiler chickens at 21 
d. The diets were treatment 1 (basal-negative control, NC): 0 mg/kg 
betaine (BET), 1.57 mg/kg folic acid (FA), and 0.35% l-Met; treatment 
2: NC + 0.19 mg/kg BET + 1 mg/kg FA; treatment 3 (positive control 
PC): supplemented with 0.19 mg/kg BET + 1 mg/kg FA + 0.19 mg/kg 
dl-Met. One hundred eighty male chicks were placed in completely 
randomized design heated batteries and fed 3 dietary treatments (starter), 
with 4 replicates and 15 chicks per replicate. Twenty-four chicks were 
killed and ventral and dorsal skin samples were taken (24 cm2) to 
evaluate skin and feather follicle histology at 21 d of age. The NC and 
NC+FA+BET groups had shallower follicle in ventral skin compared 
with PC group (186.7b, 238.3b and 552.8a mm) and smaller diameter in 
dorsal skin (122.3b, 131.8b and 743.8a mm). The PC diet increased the 
depth in dorsal (1565.0a vs 552.8b mm) and diameter (743.8a vs 226.5b 
mm) compared with dorsal area. The PC improved epidermis thickness 
compared with NC and NC+FA+BET (32.4a, 21.8b and 23.8b mm) and 
dermis compared with NC (243.4a and 119.9b mm). The PC improves 
hypodermis thickness in comparison with NC and NC+FA+BET in 
ventral (1,617.5b, 388.3b and 535.3a mm) and dorsal area (1,817.1a, 
723.5b and 1,285.3b mm). Supplementation of methionine-deficient 
diets with either FA+BET can support a good early ventral and dorsal 
feather follicle development and skin thickness. However, methionine 
requirements need to be met for proper feather follicle and feathering 
development.

Key Words: methionine, feather follicle development, welfare, 
betaine, folic acid

277P   Effect of dietary supplementation with creatine monohy-
drate during the finishing period on growth performance, carcass 
traits, meat quality, and muscle glycolytic potential of broilers 
suffering from long-term transport stress. L. Zhang1, J. L. Li1, T. 
Gao1, M. Lin1, X. F. Wang2, X. D. Zhu2, F. Gao*1, and G. H. Zhou1, 
1College of Animal Science and Technology, Nanjing Agricultural 
University, Nanjing, China, 2College of Science, Nanjing Agricultural 
University, Nanjing, China.

This study evaluated the supplementation of creatine monohydrate 
(CMH) during the finishing period on growth performance and meat 
quality of broilers suffered from long-term transport stress. A total of 320 

male Arbor Acres broiler chickens (28 d old) were randomly allotted to 1 
of 3 experimental diets supplemented with 0 (160 birds), 600 mg/kg (80 
birds), or 1,200 mg/kg (80 birds) CMH for 14 d. On the morning of 42 d, 
after an 8-h fast, the birds of CMH-free group were divided into 2 equal 
groups, and all birds of these 4 groups were transported according to the 
follow protocol: 45-min transport without CMH supplementation (as a 
lower stress control group), 3-h transport without CMH supplementation, 
3-h transport with 600 mg/kg, or 1200 mg/kg CMH supplementation. 
Each treatment group was composed of 8 replicates with 10 birds. The 
results showed that supplementation of CMH did not affect the overall 
growth performance and carcass traits of stressed broilers (P > 0.05), 
but dietary supplementation with 1200 mg/kg CHM tended to decrease 
daily feed intake of birds (P = 0.083). A 3-h transport decreased plasma 
glucose concentration (P < 0.01), elevated plasma corticosterone level 
(P < 0.05), increased chicken death on arrival (P < 0.05) and live weight 
loss (P < 0.01), enhanced the breakdown of muscle glycogen as well 
as the accumulation of muscle lactate content (P < 0.05), and induced 
some detrimental changes to breast meat quality (lower ultimate pH, 
higher drip loss and L* value, P < 0.05). Nevertheless, supplementation 
of 1,200 mg/kg CMH significantly decreased chicken weight loss (P < 
0.05), tended to reduce chicken stress response by decreasing plasma 
corticosterone concentration (61.81 ng/mL vs. 55.49 ng/mL, P = 0.092), 
and alleviated transport induced negative changes of breast meat quality 
by reducing muscle glycolysis rate (P < 0.05). These findings suggest 
that CMH could be an effective anti-stress additive in the management 
of broiler transportation.

Key Words: creatine monohydrate, broiler, transport stress
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278P   The effect of exposing chicken embryos to warm- or 
cool-spectrum light-emitting diode (LED) light during incubation 
on hatchability, embryo mortality, 14-d growth and FCR, fear 
and physical asymmetry. A. G. Domingue* and G. S. Archer, Texas 
A&M, College Station, TX.

Commercial chicken eggs are often incubated in complete darkness, 
although in nature they would receive some light exposure. Light, like 
other environmental stimuli, has been shown to affect hatchability and 
post hatch development. To determine if there is an effect of exposing 
embryos to light of warm (3900 K) or cool (5500 K), we incubated 
broiler chicken eggs (n = 3,096) under either no light (dark), warm 
light-emitting diode (LED) (warm), or cool LED (cool) light; the light 
level was 550 lx. Dark eggs had lower hatchability (dark 80.1 ± 1.5%, 
warm 86.5 ± 1.3% P = 0.01, cool 84.9 ± 1.0% P = 0.03), less top qual-
ity chicks (dark 56.6 ± 4.7%, warm 82.1 ± 1.7% P = 0.001, cool 79.0 ± 
3.0% P = 0.002), more pipped unhatched eggs (dark 3.3 ± 1.2%, warm 
1.3 ± 0.5% P = 0.01, cool 1.3 ± 0.4% P = 0.03), and more chicks with 
unhealed navels (dark 40.8 ± 5.2%, warm 15.5 ± 3.2% P = 0.002, cool 
19.1 ± 2.5% P = 0.003) when compared with either warm or cool. A 
subset of each treatment (n = 160 chicks per treatment) was grown for 
14d. Stress susceptibility was assessed using a composite asymmetry 
score determined by middle toe length and metatarsal length and width. 
Dark chicks had a higher level of composite physical asymmetry (1.52 
± 0.09 mm) than did warm (1.17 ± 0.07 mm, P = 0.004) and cool (1.19 
± 0.09mm, P = 0.006) broilers. Dark chicks were more fearful than 
warm and cool chicks as they vocalized more (118.5 ± 8.5 vocal/3 
min) than warm and cool chicks (87.1 ± 7.4 and 92.4 ± 9.0 vocal/3 
min, respectively; P = 0.001 and P = 0.03). There were no differences 
between observed in 14d growth or FCR. All data was analyzed using 
PROC GLM and significant differences were considered at P < 0.05, 
the LSD post hoc procedure was used for mean separation. The results 
indicate that LED light stimulation of chickens during embryogenesis 
results in increased hatchability, improved chick quality, and had long-
term effects on fear responses and stress susceptibility; furthermore, 
they indicate that warm versus cool light was not a factor.

Key Words: light, incubation, hatchability, fear, stress

279P   Comparison of the effect of light-emitting diode (LED) 
versus compact fluorescent lamp (CFL) lighting on hen produc-
tion, egg quality, fear, and stress. K. Gallegos* and G. S. Archer, 
Texas A&M University, College Station, TX.

Light-emitting diode (LED) and compact fluorescent lamp (CFL) light 
bulbs are becoming more prevalent in layer production as incandescent 
light bulbs become less available and poultry producers look for alter-
natives as well as more energy-efficient lighting types. There is very 
little information available as to how LED versus CFL lighting might 
affect the bird’s production, egg quality, stress, and fear. To investigate 
if differences between how the bulbs affect the hens 2 sets of hens were 
housed under either LED or CFL lighting from 18 weeks of age until 31 
weeks of age. Each treatment consisted of 45 white leghorn hens. No 
differences (P < 0.05) were found in FCR (LED, 2.33 ± 0.03; CFL, 2.45 
± 0.05), Haugh units (LED, 98.4 ± 0.4; CFL, 99.5 ± 0.5) or egg shell 
thickness (LED, 0.60 ± 0.004 mm; CFL, 0.59 ± 0.01 mm). There was a 
trend (P = 0.059) for LED hens (6.0 ± 0.1 eggs/week) to lay more eggs 
per week than CFL hens (5.8 ± 0.1 eggs/week). There were conflicting 
results in the fear tests conducted. Birds did not differ (P < 0.05) in 

their response to a novel object (LED, 32.7 ± 4.1 s; CFL, 24.1 ± 3.7 s); 
however, LED hens (205.8 ± 24.5 s) had longer latency to right during 
tonic immobility than CFL hens (113.2 ± 17.5 s). The LED hens (1.87 
± 0.12 mm) had lower bilateral asymmetry at the end of the study than 
the CFL hens (2.41 ± 0.21 mm). All data was analyzed using PROC 
GLM and significant differences were considered at P < 0.05, the LSD 
post hoc procedure was used for mean separation. The results indicate 
that LED light and CFL light do not differ in FCR or egg quality but 
LED hens may lay more eggs over the production cycle. It does appear 
that LED birds maybe more flighty when handled though they are less 
susceptible to the daily stress during production.

Key Words: lighting, layer, fear, stress

280P   Comparing the effect of different types of lighting on 
broiler production, fear, and stress. G. S. Archer*, Texas A&M Uni-
versity, College Station, TX.

The eventual removal of incandescent lights from the market has left 
poultry producers with the need to find alternative lighting sources. 
Light-emitting diode (LED) and compact fluorescent lamp (CFL) bulbs 
have arisen as the likely replacements for incandescent lights. However, 
there is little knowledge how these bulbs compare with each other in 
how they affect bird production, behavior, and stress. To investigate this 
birds (n = 120 per treatment) were raised under incandescent (Incan), 
CFL, or LED lighting. All lighting was 23L:1D at 20 lx for 14 d and 
then was changed to 20L:4D at 5 lx for the remaining 31 d. Fearfulness 
was determined using several fear tests and stress susceptibility was 
assessed using a composite asymmetry score determined by middle toe 
length and metatarsal length and width. The Incan (2.73 ± 0.08 kg) birds 
weighed less (P < 0.05) after 45 d than both the LED (2.95 ± 0.06 kg) 
and CFL birds (2.97 ± 0.06 kg). The treatments did not differ in FCR 
(pooled mean 1.69 ± 0.03, P > 0.05). There were no differences (P > 
0.05) in fear in the emergence (pooled mean 154.1 ± 4.2 s) or isolation 
(27.3 ± 2.2 s) tests. The LED birds had lower (225.3 ± 25.9 s, P = 0.02) 
righting time during tonic immobility when compared with the Incan 
birds (312.3 ± 26.6 s). CFL birds were intermediate (242.6 ± 26.9). The 
LED birds had lower composite asymmetry (1.68 ± 0.16mm) than both 
the Incan (2.82 ± 0.19 mm, P < 0.0001) and CFL (2.46 ± 0.18 mm, P = 
0.002) birds. All data was analyzed using PROC GLM and significant 
differences were considered at P < 0.05, the LSD post hoc procedure 
was used for mean separation. The results indicate that both CFL and 
LED lights increase body weight but did not improve FCR. LED birds 
had lower righting times during tonic immobility and lower composite 
asymmetry indicating that they were less fearful and had lower stress 
susceptibility; however there were no differences during the fear tests 
conducted during the brood period. Using CFL and LED bulbs can 
increase the size of the birds while not changing FCR and LED bulbs 
appear to reduce fear and stress in older birds compared with CFL or 
Incan bulbs.

Key Words: light, broiler, fear, stress

281P   The effect of exposing chicken embryos to light-emitting 
diode (LED) light during incubation: Layer and broiler eggs. J. C. 
Huth* and G. S. Archer, Texas A&M University, College Station, TX.

We control most environmental factors during incubation of poultry 
eggs; however, light is an ignored environmental factor that in nature 
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would affect poultry embryogenesis. To investigate the effect of light 
exposure on hatchability and chick quality, layer and broiler eggs 
were exposed or not exposed to light-emitting diode (LED) light 
(5500 K) at 550 lx at egg level. Treatments were layer eggs exposed 
to light (LL) or not (LNL) and broiler eggs exposed to light (BL) or 
not (BNL). There was no effect (P < 0.05) of light exposure of layer 
eggs on hatchability (pooled mean 82.9 ± 5.4%). The LL did have less 
(P < 0.001) unhealed navels (18.3 ± 5.2%) and had more top quality 
chicks (75.3 ± 4.6%) compared with the LNL (32.9 ± 6.0% and 56.5 
± 5.0%). The LL did weigh less (40.3 ± 0.4g, P = 0.02) than the LNL 
(41.5 ± 0.6g). Hatchability (90.1 ± 0.9%, P = 0.04) and % top quality 
chicks (86.1 ± 3.8%, P < 0.001) increased in BL when compared with 
BNL (85.8 ± 1.6%, 69.4 ± 5.1%). There was a higher (P < 0.05) % of 
chicks with unhealed navels (26.1 ± 4.7%) and leg issues (3.3 ± 0.8%) 
in the BNL compared with the BL (12.1 ± 3.6%, 1.0 ± 0.5%)). BL also 
weighed less (46.1 ± 0.5g, P = 0.005) at hatch than BNL (47.5 ± 0.6g). 
A subset of one broiler hatch (n = 120 chicks per treatment) was grown 
for 14d. Fearfulness was determined using an isolation test and stress 
susceptibility via composite asymmetry score. BNL had a higher level 
of composite physical asymmetry (1.16 ± 0.07 mm) and vocalized 
more (55.9 ± 8.9 vocal/3 min) than BL (0.90 ± 0.05mm, 39.8 ± 5.2 
vocal/3 min; P < 0.05) chicks. There was no difference (P < 0.05) in 
weight or FCR at 14d. All data was analyzed using PROC GLM and 
significant differences were considered at P < 0.05, the LSD post hoc 
procedure was used. The results indicate that exposing poultry eggs to 
light during incubation can increase the quality of the chicks in either 
layers or broilers. Furthermore, hatchability can be increased in broiler 
eggs. It is theorized that the reason layers did not show an increase in 
hatchability is due to the differing filtering ability of the egg shells as 
revealed by spectral analysis.

Key Words: light, incubation, layer, broiler, LED

282P   Field evaluation of effect of laryngotracheitis (LT) vac-
cine procedure on microbial water quality and daily water sanita-
tion rebalance. P. Maharjan*, T. J. Clark, U. D. Gadde, D. McCreery, 
C. Williams, and S. Watkins, University of Arkansas, Fayetteville, 
AR.

Field evaluations were performed in 4 commercial broiler barns located 
at Applied Broiler Research Farm, U of Arkansas to evaluate the micro-
bial effect of laryngotracheitis vaccination procedure (LTVP) on poultry 
drinking water. All barns were supplied with treated water [>0.1ppm of 
free chlorine (Cl) residual in water dripped from end nipple of water-
lines (PVC coated)] pre- and post-LTVP. Chlorination was turned off 
in water supplies during LTVP (<0.1ppm Cl). LTVP started with the 
introduction of stabilizers (sodium thiosulfate based) in drinking water 
on d 6 of bird age, vaccination on d 7,citric acid introduction 4 h post-
vaccination and reintroduction of water sanitizer 24 h post-vaccination 
(d 8). For 3 different flocks evaluated, water samples were taken (8 drips, 
2 per barn) for microbial plating before LTVP (flock 2 and 3), during 
LTVP (flock 2 and 3) or post LTVP (flock 1, 2, and 3). Samples were 
taken intermittently at various days interval in flock 1 and 2 whereas 
on daily basis in flock 3 starting at d 5 to d 14 of bird age. Cl residuals, 
pH and ORP were considered for each drip samples. In flock 1, higher 
counts of APC (>5.47 log10) and mold (>3.14 log10) on d 10 samples 
were observed, which decreased significantly (P < 0.05) to less than 1 
log10 on d 15 and on d 19 samples taken. Similarly, significant growth 
(P < 0.05) were noticed for APC counts (>5.47 log10 units) in flock 2 
on d 7 and d 12 compared with counts on prior vaccination on d 1 (<1 
log10) and 11 d post LTVP on d 19 (<1 log10). In flock 3, counts for APC 
(>5.47 log10), and yeast (>3.01 log10) during LTVP (d 6 through d 8) 

were significantly (P < 0.05) higher than the counts before vaccination 
(d 5) and post-LTVP (d10–14) where APC and yeast counts were <1 
log10. The results indicate that water supports microbial contamination 
within 24 h of removing the sanitizer and introduction of commonly 
used LT vaccination procedures. In this evaluation it required at least 2 
d of water sanitation post-vaccination to ensure a return to significantly 
reduced levels of water microbes.

Key Words: chick, water, microbe, sanitation

283P   Eggshell quality aspects of Saudi and White Leghorn 
laying hens under hot weather conditions. M. M. Fathi*, M. O. 
Fahmy, I. Al-Homidan, and O. K. Abou-Emera, Department of 
Animal Production and Breeding, College of Agriculture and Veteri-
nary Medicine, Qassim University, Al-Qassim, Saudi Arabia.

Genetic resources base of the indigenous chickens could form the basis 
for genetic improvement and diversification to produce breeds adapted 
to local conditions. However, genetic differences in egg quality and 
eggshell formation characteristics exist between breeds, strains and 
lines. Therefore, an experiment was conducted to assess the eggshell 
quality characteristics of Saudi chickens compared with Leghorn breed 
under high ambient temperature (32–34°C) of Al-Qassim province, 
Saudi Arabia. A total of 300 female chicks (150 each) were kept in 
littered floor pens during growing period and transferred to individual 
wire cages at 16 weeks old thereafter. All birds were kept under similar 
environmental, managerial and hygienic conditions. At 38 wk of age, 120 
intact eggs from each strain were randomly selected to eggshell quality 
assessment. The eggs were identified according to hen number and strain. 
The eggs were individually weighed. The breaking strength (kg/cm2) 
of eggs was determined vertically by egg force reader. After breaking 
test completion, the eggs were broken out and albumen and yolk were 
put aside. The broken shells were recovered, cleaned and washed under 
running water, dried, and weighed. Shell thickness, including mem-
branes, was measured at 3 equatorial places using a digital micrometer 
(Ames, IA). The data were subjected to a one-way ANOVA using SAS 
package. The current results revealed that the weight of eggs produced 
from White Leghorn hens was significantly (P < 0.0001) heavier than 
that of Saudi hens. This difference may be attributed for smaller body 
weight associated with Saudi birds. There was no significant difference 
detected between Saudi and Leghorn strains for shell measures. The shell 
percent and shell thickness were almost the same in 2 strains. On the 
other hand, Saudi laying hens exhibited higher eggshell strength than 
those of White Leghorn ones, although percentage shell was similar. 
In conclusion, Saudi laying hens have stronger eggshells than those of 
White Leghorn ones. This suggests that a better ultrastructure of egg-
shell may be associated with Saudi eggs compared with Leghorn eggs.

Key Words: Saudi chicken strains, eggshell quality, hot weather, 
shell strength

284P   Incubation temperature influences residual yolk sac 
lipid uptake by chicken embryos. F. Vercese*1,2 and G. Cherian2, 
1Departmento de Melhoramento e Nutricao Animal, UNESP, Botu-
catu, Brazil, 2Department of Animal and Rangeland Sciences, Oregon 
State University, Corvallis, OR.

Modern-day broiler chickens spend over 33% of their life span inside 
the incubated egg. The incubator temperature that is currently used 
(99.5°F) may promote oxidative stress in broiler chick embryos with a 
high metabolic rate. The present study evaluated the changes in residual 
yolk sac and embryo liver lipids as affected by incubation temperature. 
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The hypothesis tested is that reducing the incubation temperature will 
minimize lipid peroxidation and enhances the availability of polyun-
saturated fatty acids (PUFA) to the embryo. Sixty fertile eggs were 
incubated at a temperature of 100°F (Control). On d 12 of incubation, 
30 eggs were taken and were incubated at 98°F (Low). On d 14, 16, and 
19 of incubation, 12 eggs were taken from each treatment and the liver 
and residual yolk sac was taken for lipid analysis. The average weights 
of eggs incubated were 63.3g. The embryo and liver weight were lower 
in Low than Control (P < 0.001). No difference was observed in the 
residual yolk sac weight of Control and Low (P < 0.05). The total lipid 
content of liver was higher in Low than Control (P < 0.02). Total n-3 
PUFA and docosahexaenoic acid (DHA; 22:6 n-3) in the residual yolk 
sac was higher for Control than for Low (P < 0.004). Reduction in 
incubator temperature led to an increase in the deposition of long-chain 
n-6 PUFA in the embryo liver (P < 0.001). No effect of incubator tem-
perature was observed on liver DHA (P < 0.05). Egg weight decreased, 
whereas liver and embryo weight increased as the stage of incubation 
progressed (P < 0.001). Liver thiobarbituric acid reactive substances 
(TBARS) were highest at d 14 when compared with d 16 and 19 (P < 
0.001). However, no effect of incubator temperature was observed for 
liver TBARS (P < 0.05). In conclusion, our results demonstrate that 
the incubation temperature currently used promotes PUFA retention in 
the residual yolk sac. Considering the diverse roles of yolk sac lipids 
and PUFA for thermogenesis and membrane biogenesis, investigating 
the effect of thermal manipulation on lipid metabolism will enable us 
to develop strategies to enhance growth and viability of the developing 
chick embryo.

Key Words: embryo, incubation temperature, polyunsaturated fatty 
acid, lipid oxidation products, yolk sac

285P   Growth, body composition and skeletal characteristics of 
commercial broiler chickens under different feeding period regi-
men. F. González-Cerón*1, C. I. Izogiwe2, J. D. Vaughn2, B. Lett2, 
J. H. Vilar-Da Silva1, M. Costa1, and S. E. Aggrey1, 1Department of 
Poultry Science, University of Georgia, Athens, GA, 2CAES Under-
graduate Research Initiative, University of Georgia, Athens, GA.

Rapid growth in commercial broilers can lead to changes in body com-
position and skeletal integrity. Management strategies hold the key to 
improving skeletal integrity because the genetic relationship between 
growth and skeletal maladies has been shown to be very weak at best. 
We subjected commercial broilers to 2 feeding period regimen from 
hatch to 4 wk (12 h vs. 23 h), and hereafter, all the 2 groups were on 
23 h feeding regimen to 7 wk, and then slaughtered. Birds were fed ad 
libitum on a standard poultry diet. Body (1,634 vs. 1,272 g), metatarsus 
(28.33 vs. 24.28 g) and tibia (18.99 vs. 12.48 g) weights were signifi-
cantly (P < 0.01) heavier in unrestricted birds at 4 wk than the restricted 
birds however, at wk 7, there were no differences (P > 0.05) between 
the 2 groups (3,537 vs. 3,476 g, 50.11 vs. 55.13 g, and 30.72 vs. 35.68 
g, respectively). Femur weight was lower (P < 0.01) in the restricted 
birds compared with the unrestricted birds (12.48 vs. 16.51 g) to wk 6. 
The restricted group had significantly (P < 0.01) higher carcass (2,907 
vs. 2,580 g), pectoralis major (725 vs. 651 g) and abdominal fat (1.94 vs. 
1.55%) yields compared with the unrestricted group. Early feed restric-
tion did not appear to improve skeletal integrity, but it did improve lead 
to compensatory growth and improved carcass yield.

Key Words: feed restriction, growth, skeletal integrity, carcass yield

286P   Effects of the raising model on carcass traits and muscle 
nutrition composition in Landaise geese. A. Liu*1,2, J. Zhang1, J. 
Liu1, W. Xi1, X. Qiu1, H. Ma1, and W. Zhai2, 1Southwest University, 
Chongqing, China, 2Mississippi State University, Starkville, MS.

At present, the free-range model of raising geese in China is gradually 
transforming into barn feeding, such as in floor pens or cages. This 
experiment was conducted to study the effects of raising model on car-
cass traits and muscle nutrition composition in Landaise geese. Ninety-
six female Landaise geese (at 1 d of age) were randomly allocated into 
8 floor pens and 8 cages. The pen and cage served as an experimental 
unit (with a total of 8 replicates per raising model and 6 geese per repli-
cate). All geese were offered the same conditions except for the raising 
model. At 70 d of age, 4 geese from each pen or cage were randomly 
selected and processed for determination of carcass traits and nutrition 
composition of breast meat. Data were analyzed using t-test of SPSS 
17. The results showed that raising Landaise geese in cages increased 
BW (3,741 and 3,526 g, respectively; P = 0.011), carcass (2,752 and 
2,490 g, respectively; P = 0.042), breast (450 and 387g, respectively; P 
= 0.018), leg (341 and 299 g, respectively; P < 0.0001), and abdominal 
fat weights (130 and 93 g, respectively; P = 0.0026). Raising model 
did not affect total protein (19.41 and 19.12%, respectively; P = 0.392), 
water (74.95 and 74.42%, respectively; P = 0.332), or ash (1.61 and 
1.64%, respectively; P = 0.889) in breast muscles of geese raised in 
cages and pens. However, crude fat of breast muscle was increased 
of the geese raised in cages (3.87and 2.89%, respectively; P = 0.011). 
In conclusion, it suggests that raising Landaise geese in cages may 
improve growth performance and meat yields, but had little effects on 
nutritional composition of breast muscle. Landaise geese in cages, in 
comparison to floor pens, might be more feasible and effective in the 
production of geese.

Key Words: carcass trait, goose, muscle nutrition composition, rais-
ing model

287P   Prevalence of internal parasites in backyard poultry in 
Arkansas. K. Moyle*1, F. D. Clark1, and J. R. Moyle2, 1University of 
Arkansas, Fayetteville, AR, 2University of Maryland, College Park, 
MD.

Backyard and exhibition poultry have been gaining in popularity and 
as such there has been a large increase in the number of small flocks. 
Typically most backyard flocks are allowed to roam freely for part or 
all of the day. As these free-range birds interact with the environment 
there is an increased risk of exposure to parasitic infection due to factors 
such as exposure to wild birds, intermediate hosts such as earthworms, 
and lack of knowledge. The purpose of this study is to determine the 
prevalence of common poultry parasites in backyard poultry. In order to 
determine how many backyard flocks are infected with parasites, fresh 
fecal samples were individually collected from cages at two nearby 
state fairs. Samples were then transported to the University of Arkansas 
Poultry Science Center of Excellence and analyzed by performing a fecal 
flotation. Slides were then examined under a microscope for presence 
or absence of helminth eggs and coccidia oocysts. Data showed that 
28% of the flocks sampled tested positive for Ascaridia, 55% tested 
positive for Eimeria, 26% were positive for Capillaria, and 10% were 
positive for Heterakis. This study indicates that there is a high preva-
lence of parasite infection, especially with coccidia. Further research 
could expand on this data and also look into ways to decrease parasite 
exposure and infection in backyard poultry.

Key Words: internal parasite, backyard, poultry, helminths, coccidia
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288P   Performance of free-range meat chickens fed sweet pota-
toes as a farm-raised energy source. A. C. Fanatico*1, D. P. Smith2, 
M. D. Boyette2, and C. D. Coffey1, 1Appalachian State University, 
Boone, NC, 2North Carolina State University, Raleigh, NC.

Interest is growing in specialty poultry products such as free-range, 
organic, and locally-raised. Many small flock producers want to grow 
farm-raised feed or source locally for ecological and economic reasons. 
Although corn is commonly used for energy, there may be a role for 
farm-raised roots/tubers, such as sweet potatoes. A study was conducted 
to determine the effect of substituting half of the corn with sweet potato 
(Ipomoea batata) for free-range meat chickens. Sweet potato was heat 
dried/ground or chopped/ensiled for 3 weeks to destroy trypsin inhibitor 
and to preserve feed. After brooding, pens of slow-growing chickens 
(5 birds per pen) were randomly assigned to one of 3 treatments: corn 
control (C), dried sweet potato flake (F), or ensiled sweet potato (SP), 
with 4 replications. Birds were raised in small portable huts with access 
to pasture during the day. A choice feeding method was used where 
birds self-selected from 2 separate feeds: high-protein concentrate 
(HPC) and sweet potato/corn energy feed. The HPC was comprised of 
soybean meal, fishmeal, and mineral/vitamin premix. HPC was offered 
every other day to encourage birds to forage for protein. Presentation of 
energy feeds was: ground corn in a hopper (C); ground corn and sweet 
potato flake mixed in equal proportions (F); and ensiled sweet potatoes in 
troughs mixed with measured amount of corn (SP). Birds were processed 
on-site in a mobile processing unit at 77d, and yield (carcass, breast, 
wing, leg, and rack) were collected. Data were subjected to ANOVA. 
Weight gain did not differ among treatments, but FCR was better for 
SP compared with C (2.6 vs 3.9; P < 0.05). At processing, C resulted in 
heavier carcass and breast weights compared with F (P < 0.05), although 
there was no difference in yields. Corn resulted in greater fat pads than 
F treatment (33 vs. 8 g; P < 0.05). This data indicates that although 
dried sweet potato flake has a negative effect on performance, ensiled 
sweet potato can be used to replace half of the corn in a choice feeding 
system without reducing weight gain and has a feed efficiency advantage.

Key Words: free-range, meat chicken, feed self-selection, sweet 
potato

289P   Effect of transportation on compensatory growth of 
commercial-type broilers. D. A. Marker*, T. A. Lavergne, and T. D. 
Bidner, Louisiana State University Agricultural Center, Baton Rouge, 
LA.

Understanding factors that can affect growth and efficiency of growth 
is important for research and commercial production purposes. For 
research trials conducted at Louisiana State University (LSU), chicks 
are obtained from a commercial hatchery approximately 250 miles away 
from the campus. Typical body weight of the chicks is 35 to 38 g upon 
arrival at LSU. However, according to recent findings, chicks hatched 
at LSU had a body weight (BW) of 43 g. Stress or weight loss during 
transport could be factors causing this difference in BW. It is important 
to know if the differences in BW go away through compensatory growth 
during a research trial. Thus, a total of 200 Ross 708 chicks were used 
in an 18-d trial. On d 0, chicks were allotted to one of 4 treatments with 
10 replications per treatment, in a 2 × 2 factorial arrangement. The 
chicks were reared in brooder batteries. The treatments were (1) males 
hatched at LSU, (2) females hatched at LSU, (3) males transported to 
LSU, and (4) females transported to LSU. Initial BW and d 8 BW were 
higher (P < 0.01) for chicks hatched at LSU than for chicks transported 
to LSU. On d 8 and 18, males hatched at LSU had the highest (P < 0.01) 
BW, average daily gain (ADG), and average daily feed intake (ADFI), 
while females transported to LSU had the lowest BW, ADG, and ADFI 

(P < 0.01). BW, ADG, and ADFI of females hatched at LSU and males 
transported to LSU were similar and intermediate to the chicks in the 
other treatments. There were no effects (P < 0.05) on gain:feed (G:F). 
The broilers transported to LSU had lower BW. Compensatory gain 
did not occur during the 18-d grow-out of broilers transported to LSU 
compared with broilers hatched at LSU.

Key Words: broiler, compensatory gain, transport, stress, body 
weight

290P   A method to rear 0- to 21-day-old bobwhite quail. A. N. 
Bergeron*, J. W. Charal, and T. A. Lavergne, Louisiana State Univer-
sity Agricultural Center, Baton Rouge, LA.

The US gamebird industries account for almost $5 billion in economic 
activity each year. Despite their popularity and economic impact, the 
recent scientific literature on the nutritional requirements of bobwhite 
quail is very limited. Prior to conducting nutrition research on bobwhite 
quail at LSU, a method and protocol for rearing quail in research floor 
pens need to be developed. A total of 210 bobwhite quail were used in 2 
trials to develop a method of rearing quail to be used in future research. In 
both trials, bobwhite quail were housed in brooder rings within research 
floor pens and were fed a 28% CP starter diet. In trial 1, there were 1, 
2, or 4 brooder rings within a floor pen, and one heat lamp was shared 
among all of the brooder rings within a floor pen. Quail were reared from 
hatch (d 0) to d 14. There were no differences (P < 0.05) in body weight 
(BW), average daily gain (ADG), average daily feed intake (ADFI), or 
gain:feed (GF) for quail housed at one, 2, or 4 brooder rings per floor 
pen. In trial 2, there were one, 2, or 3 brooder rings per floor pen, and 
one heat lamp was shared among all of the brooder rings within a floor 
pen. Quail were reared from d 7 of age to d 21. There were no differ-
ences (P < 0.05) in BW, ADG, ADFI, or GF for quail housed at one, 2, 
or 3 brooder rings per floor pen. Therefore, bobwhite quail can be reared 
with up to 4 brooder rings per floor pen, while sharing a common heat 
lamp, without affecting growth performance. The number of brooder 
rings utilized per floor pen would be determined based on the number 
of treatments and replications utilized in a research trial.

Key Words: bobwhite quail, rearing, brooder ring, growth perfor-
mance, body weight

291P   A buffering system to reduce pH drop during pre-
enrichment of broiler feeds and feed ingredients. N. A. Cox1, 
D. E. Cosby*1, K. E. Richardson2, J. A. Cason3, M. E. Berrang1, L. 
L. Rigsby1, N. Holcombe2, and L. DeRome2, 1US Department of 
Agriculture, Agriculture Research Service, Russell Research Center, 
Athens, GA, 2Anitox, Lawrenceville, GA, 3USDA, ARS, Retired, 
Athens, GA.

Previous research has demonstrated that during pre-enrichment for the 
detection of Salmonella in feed and feed ingredients, the pH decreased 
from 6.8 to 7.0 to 3.9–5.6 after 24 h incubation. These acidic conditions 
can kill and injure salmonellae which might result in contaminated feed 
going undetected. The objective of this study was to develop a pre-
enrichment medium which would prevent or minimize a pH decrease. 
Several experiments were conducted. The first experiment used the cur-
rent pre-enrichment broths: buffered peptone water (BPW) and lactose 
broth (LB), as a starting point with the addition of phosphate equivalent 
to double (2×), triple (3×) and quadruple (4×) standard phosphate buffer. 
The second experiment incorporated the following buffering systems: 
carbonate; phosphate and tricine which have a range of pKa values 
between 6.35 and 8.06 at 25°C. In the first experiment, at 18 h, 4×BPW 
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and 4×LB maintained an average pH of 5.7; at 24 h both broths main-
tained an average pH of 5.3 compared with BPW and LB values of pH 
5.0 and 4.7 at 18 h and a pH value of 4.7 and 4.4 respectively at 24 h. 
In the second experiment, a tricine-carbonate-phosphate (TCP) buffer 
showed an average decrease in pH of 1.45, while there was an average 
decrease in pH of 1.09 for the carbonate-phosphate (CP) buffer at 18 h. 
At 24 h, the average pH decrease was 1.34 for the TCP buffer and 1.12 
for the CP buffer. Controlling for the drop in pH of the pre-enrichment 
of feed and feed ingredients is possible using the enrichment buffers 
described above instead of BPW or LB. Maintaining a consistent pH in 
the enrichment is a starting point for the recovery of salmonellae which 
do not survive our methods for culturing feed and feed ingredients. An 
effective pre-enrichment method will provide valuable information 
regarding feed as a possible source of contamination in poultry and poul-
try products, which may not be possible with currently used methods.

Key Words: Salmonella, pH, feed, methods, pre-enrichment

292P   Impact of integrating free-range poultry with cattle and 
swine on the microbial status of eggs. A. C. Fanatico*1 and D. P. 
Smith2, 1Appalachian State University, Boone, NC, 2North Carolina 
State University, Raleigh, NC.

Small farmers often raise free-range poultry for specialty markets in 
extensive production systems with other livestock. Poultry may provide 
benefits to cattle and pasture fertilization while swine provide the abil-
ity to clear areas and increase product diversity. Although combining 
multiple species in grazing systems has benefits, food safety concerns 
may arise with interspecies access to manure. A preliminary experiment 
was conducted at a university farm to determine the effect of integrating 
free-range poultry with cattle and swine on egg pathogens. Two free-
range standard-breed layer flocks were studied: (1) pastured chickens 
(control, C), and (2) pastured chickens integrated with livestock 
(integrated, I). For C, a 7-hen flock of laying chickens was kept in a 
58-m2 grassy yard enclosed by portable fencing. In the I treatment, a 
7-hen flock shared a 0.25-ha pasture with 2 pigs and 3 heifers. Stock-
ing density was extensive to allow chickens access to livestock fecal 
material. Both C and I chickens had access to small portable houses 
with nestboxes. All livestock had appropriate feeds, shade, and water. 
Feces (2 samples from cattle, swine, and I chicken, and 1 sample from 
C chickens) and eggs (20 each treatment) were collected at wk 20 and 
tested for Salmonella and Campylobacter. Ten C and I egg shells were 
aseptically separated from contents and crushed with membranes; these 
and 2 pooled albumen 2 yolk samples were tested. Fecal, egg shell rinses, 
and egg content samples were evaluated for Salmonella (25 g of sample 
was placed in 225 mL of 1% BPW, incubated 24 h at 37°C, transferred 
to TT and RV broth for 24 h at 37°C, then plated onto BGS and XLT4 
and incubated 24 h at 37°C). For Campylobacter, fecal and eggshell 
rinse samples were direct plated onto CCDA and incubated 48 h at 42°C 
in a microaerophilic environment. One of 2 fecal samples from both I 
chicken and cattle were positive for Salmonella; none was detected in 
egg shells or contents. No Campylobacter was detected. These findings 
indicate that system-level research is needed to evaluate safety of food 
products in integrated livestock production.

Key Words: free-range poultry, food safety, multispecies grazing

293P   Evaluating the effect of various light sources on repro-
ductive and growth parameter in laying hens. M. Baxter* and G. 
Bédécarrats, University of Guelph, Guelph, ON, Canada.

In poultry, higher wavelengths have been shown to more effectively 
stimulate extra-retinal photoreceptors increasing reproduction. In 
practice, multiple light sources are used, each with a different spectrum 
and level of energy consumption. Over the years, we developed a light-
emitting diode (LED) bulb with 60% red light (LED-R) to promote 
egg production. To test the effects of this LED bulb on production 
performances and electricity consumption, 3 rooms with individual 
cages were equipped with LED-R (10 W), incandescent (100 W) or 
compact fluorescent (CFL, 15 W). Rooms were populated with 94 layers 
(Lohmann Lite) divided among 4 rows. Egg production, egg quality, feed 
consumption, body weight and bulb energy consumption for each room 
was monitored from 14 to 69 wk of age (woa). Birds were maintained 
on a 10-h photoperiod until photostimulated to 14 h at 18 woa. Data 
was compared between treatments by ANOVA, but 1 room was used 
per treatment, so we could not account for possible room effect. Birds 
exposed to CFL and incandescent lights began laying 3 d earlier than 
birds in the LED-R treatment (P < 0.0001). However, all birds peaked 
above 95% at 22 woa, and there was no significant difference in overall 
egg production between treatments, or in cumulative egg number (P 
< 0.2939). Over time, egg weight significantly increased (P < 0.0001) 
and shell strength significantly decreased (P < 0.0001) however, there 
was no difference in egg quality between treatments (P < 0.6052; P < 
0.8832). Birds under CFL and incandescent light had significantly higher 
body growth (0.05 kg; P < 0.0141) and feed consumption (0.003 g/birds/
day; P < 0.0016) than under LED-R. Cumulative energy consumption 
of LED-R (306kW) was significantly less than the incandescent (2514 
kW) and CFL (422 kW) bulb (P < 0.0001). In summary, light treatment 
did not significantly affect egg production; however, with sustained peak 
production over 95%, it is possible that this commercial line has reached 
its maximum genetic potential. The reduced feed consumption and body 
growth in the LED-R treatment indicates that energy was utilized mainly 
for egg production. This could result in significant reduction in feed 
cost, plus the significant energy savings, reducing cost of production.

Key Words: light source, spectrum, laying hen

294P   Colonization of day-old broilers with gentamicin-
resistant Campylobacter coli following challenge via different 
inoculation routes. D. E. Cosby*1, N. A. Cox Jr.1, M. A. Harrison2, 
M. E. Berrang1, R. J. Buhr1, J. L. Wilson3, and P. J. Fedorka-Cray1, 
1US Department of Agriculture, Agriculture Research Service, Rus-
sell Research Center, Athens, GA, 2Department of Food Science 
and Technology, University of Georgia, Athens, GA, 3Department of 
Poultry Science, University of Georgia, Athens, GA.

Campylobacteriosis is often attributed to Campylobacter jejuni. Recent 
studies have indicated that Campylobacter coli might be responsible 
for as much as 9% of human infections reported in the United States 
and 7% in England and Wales. Poultry is a leading source for human 
campylobacteriosis. Several body openings in a newly hatched chick 
may be exposed to Campylobacter in the hatchery and grow-out envi-
ronment. Once Campylobacter colonizes the ceca of chicks, it can 
multiply to high levels in a short time, and upon excretion, create the 
perfect environment for cross contamination. In this study, Campylo-
bacter coli naturally resistant to high levels of gentamicin (CcGR) was 
inoculated into day-of-hatch chicks (n = 10 birds/route/concentration) 
via the mouth (with and without 5% CaCO3 as a buffer), nares, eye 
and cloaca at 3 concentrations (approx. 20, 200 and 2000 cells/bird) 
to determine which route and concentration would produce the high-
est level of cecal colonization. The experiment was replicated. Chicks 
were reared in isolation units on wire floors with ad libitum access to 
feed and water. All inoculation routes resulted in 100% colonization in 
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the 7-d-old chicks with CcGR when the inoculum was ≥200 cells/bird 
with the exception of the inoculation of the nares of which only 65% 
of the ceca were colonized. At the lowest inoculum level (approx. 20 
cells/bird), no birds were colonized via the nares. Conversely, 100% of 
the intracloacal, 66% of the eye, 33% of the oral without 5% CaCO3, 
and 100% of the oral with 5% CaCO3 inoculated birds were positive 
for CcGR in the ceca. These data show that C. coli can readily colonize 
the ceca of day-of-hatch birds by different routes of inoculation and 
in particular, routes other than fecal/oral. The inclusion of CaCO3 as a 
buffer to simulate the chicks ingesting eggshells in the hatching cabinet 
indicates that the low pH of the gastric system might have less protective 
effect than previously believed. Determining the possible routes of entry 
of C. coli and possibly other Campylobacter into broilers may lead to 
the development of effective intervention strategies.

Key Words: Campylobacter coli, broiler, colonization, inoculation, 
routes

295P   Use of a compressed air foam system to rapidly clean and 
disinfect a broiler hatchery. V. S. Godoy*, C. H. Chisholm, A. S. 
Kiess, Y. Z. Farnell, G. T. Tabler, C. D. McDaniel, and M. B. Farnell, 
Mississippi State University, Mississippi State, MS.

Foaming disinfectants have been successfully used in poultry processing 
plants and hatcheries for many years. However, the output from these 
foaming machines is minimal when compared with a commercial com-
pressed air foam system (CAFS) that is capable of producing 2,268 L 
of foam per min to extinguish fires. In the event of a reportable disease 
outbreak, the poultry industry will need a rapid means of cleaning and 
disinfecting agricultural surfaces. We hypothesized that a CAFS could be 
used to apply commercial products to rapidly clean and disinfect a hatch-
ery. The objective of this study was to evaluate the effects of peracetic 
acid (PAA) and an alkaline chlorinated cleaner (CHL) on disinfection 
of chick hatch baskets. Forty freshly soiled baskets were used to test 
each product, individually, for a total of 80 randomly selected baskets. 
Two products were used at the maximum manufacturer’s recommended 
concentration of 3% and allowed a 30-min contact time. The PAA was 
mixed with a 1% class “A” firefighting foam concentrate and the CHL 
contained its own foaming agent. The products were rinsed using a 
pressure washer to remove any residual chemicals. Paired samples 
were collected before and after treatments at different locations within 
the same basket. A flame sterilized stainless steel template was used to 
outline a 5 cm by 5 cm area on each basket, which was swabbed by 
sterile cotton gauze soaked in Butterfield’s solution. These samples were 
serially diluted and placed onto Petri films to enumerate total aerobes. 
Significant (P < 0.05) reductions in aerobic bacteria were observed 
with the PAA (2.87 logs) and the CHL (2.12 logs) treatments. When 
compared with the CHL product, the PAA had the greatest reduction 
(P < 0.05) of aerobic bacteria. These data suggest that the application 
of cleaners and disinfectants via a CAFS is a rapid means of reducing 
aerobic bacteria on agricultural surfaces.

Key Words: hatchery, cleaning and disinfection, disease response, 
foam

296P   Digital analysis of egg surface area and volume: Effects 
of length of longitudinal axis and maximum breadth and weight. 
A. Kamyab*3, P. Soleimani Roudi1, B. Poursina1, K. Tayebipour1, 
M. Sedghi1, and N. Soleymani Roudi2, 1Kian Jooje Aria Company, 
Mashhad, Iran, 2Tarbiat Modares University, Tehran, Iran, 3Univer-
sity of Missouri, Columbia, MO.

We developed a digital image analysis (IA) system to render precise 
measurements of several egg-size parameters, including volume (V) 
and surface area (S) of fresh egg samples. We tested the accuracy of 
IA method for determination of egg physical properties by comparing 
the V resulted from IA with those measured using water displacement. 
The correlation between data obtained from these 2 methods was 0.98 
which it is showed that the IA is an accurate method for egg volume 
determination. Two methods of multiple linear regression (MLR) and 
artificial neural network (ANN) models were used to find a simple 
equation to predict egg volume and surface area based on length (L) 
and maximum breadth (B). Also we tried to predict the S in egg samples 
based on V parameter. The results indicated that to predict the V, both 
of MLR and ANN models achieved the acceptable prediction accuracy 
(0.95). Furthermore, for prediction of S based on L and B as inputs R2 = 
0.63 and 0.81 were obtained from MLR and ANN respectively; however 
obtained R2 for predicted S with volume was 0.70 and 0.80 for MLR 
and ANN models. For S and V prediction in egg samples, the ANN 
model resulted in lower error parameters for selected output variables as 
compared with the MLR model. We also applied the data sets obtained 
by IA to test the accuracy of published equations for prediction of S and 
V in egg samples. The results showed that the published equations by 
Narushin (1997, 2005) and Paganelli et al. (1974) provided reasonable 
predictions for S and V.

Key Words: artificial neural network, image analysis, egg surface 
area, multiple linear regression, volume

297P   Temperature effects on slow- and fast-growing strains 
of broiler chickens: Live performance and blood chemistry. J. B. 
Hess*1, S. F. Bilgili1, R. J. Lien1, K. S. Joiner1, A. Cahaner2, and O. 
Halevy2, 1Auburn University, Auburn, AL, 2The Hebrew University of 
Jerusalem, Jerusalem, Israel.

The negative effects of high rearing temperatures (T) on growth and 
muscle accretion in chickens are often confounded by a reduction in 
feed consumption (FC). The growth performance of broiler chickens 
of slow (Red Ranger) and fast (Ross 708) growth strains were assessed 
when reared under neutral (NT), warm (WT), and pair-fed N (PNT; 
birds in NT fed the amount of feed consumed by those in WT) condi-
tions, to separate the direct (T) and indirect (reduced appetite) effects 
of WT. Temperatures in the NT were 30–32°C (wk 1), 27–29°C (wk 
2), 25–27°C (wk 3), and 20–26°C thereafter, whereas in the WT were 
29–31°C throughout the trial. A total of 1,008 male chicks were placed 
in 12 environmentally controlled rooms (4 per treatment; 2 strains per 
room). BW, uniformity, FC, and feed conversion ratios (FCR) were 
measured at 15, 29, 43, and 54 d. A total of 60 birds were used to mea-
sure changes in rectal T (RT) and blood chemistry values at 49 and 55 
d. As expected, BW differed significantly (P < 0.001) between the 2 
strains (2,392 and 4,642 g at 54 d) in NT, but was depressed in WT (10 
and 28%) and in PNT (14 and 21%) trt for slow and fast growth strains, 
respectively. Trt effects on FC and FCR followed a similar pattern (P < 
0.001). Mortality did not differ by strain or rearing trt (P > 0.05). BW 
uniformity was similar between strains, but was significantly reduced 
for WT treatment at 54 d. Strain by rearing interaction was significant 
for RT at 49 and 55 d of age. RT increased significantly with WT, but 
was reduced in the fast growth strain reared under PNT. Significant 
changes in hematocrit, blood pH, pCO2, and glucose levels in WT were 
consistent with respiratory alkalosis. Pair-feeding under NT alleviated 
physiological response to WT, reduced growth response, but improved 
FCR due to controlled feed intake.

Key Words: broiler, temperature, blood chemistry
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298P   Interrelationships of fungal and bacteria populations 
within the gastrointestinal tract environment of poultry. J. A. 
Byrd*, USDA, ARS, Food and Feed Safety Research Unit, College 
Station, TX.

Effective Salmonella control in broilers is important from the standpoint 
of both consumer protection and industry viability. We investigated 
associations between Salmonella recovery from different sample types 
collected at sequential stages of grow-out from the broiler gastrointes-
tinal tract and production environment. The goal of the present study 
was to record changes in fungi populations recovered from poultry 
gastrointestinal tracts and relate those changes to foodborne pathogen 
status. Over 3,000 broiler gastrointestinal samples were isolated and over 
680 samples were further characterized using an automated repetitive 
sequence based PCR (rep-PCR) methodology to track fungal genera 
changes during successive grow-outs. Over 24 different fungal and 
yeast genera were identified using rep-PCR including Rhizopus spp., 
Aspergillus spp., Penicillium spp., and Fusarium spp. The results from 
the present study will provide a normal fungi genera under commercial 
conditions, relate these fungi to foodborne pathogens, and will be a step-
ping stone for investigating the effect of fungi on the gastrointestinal 
tract and overall health of poultry.

Key Words: fungi, Salmonella, poultry, gastrointestinal tract

299P   Effect of initial day-old chick weight on the first week 
development. V. S. de Avila*1, E. L. Krabbe1, D. Surek1, J. H. de A. 
Ruiz2, and B. Wernick2, 1Embrapa Swine and Poultry, Concordia, 
SC, Brazil, 2BASF SA, São Paulo, SP, Brazil.

An experiment was conducted to evaluate the effect of the grouping of 
1-d-old chicks according to initial weight on the subsequent 7-d per-
formance. A group of 4,200 chicks were selected from a total of 4,257 
chicks with 43.1 ± 3.8 g, kurtosis −0.31 and skewness 0.24, the heaviest 
chicks weighed 52 g and the lightest 37 g. These chicks were grouped 
according to their initial weight in 10 treatments with 12 replicates per 
treatment and 35 birds per experimental unit. All birds were housed in 
floor pens with wood shavings as litter. The treatments initial average 
weight were: 37.91, 39.3, 40.6, 41.3, 42.1, 42.8, 43.8, 44.7, 45.9, 48.1 
g. Data were submitted to statistical analysis (ANOVA), GLM (SAS, 
2008); the means were compared with Student t-test, 5% and the correla-
tions between initial weight and performance at 7 d were determined by 
the Pearson method. There was no effect of initial weight on feed intake 
at the first week. The treatments that had the greatest weight gain (118 
g) were with initial weight 43.8 and 44.7 g, the largest difference was 
between these groups and treatment with 48.1 and 42.1 g (111 g), and 
the lightest treatment with 37.91 g had 113 g of weight gain. For feed 
conversion rate the treatment with 48.1 and 42.1 g had the worst value 
1.11 and most difference between treatments was 0.046. Furthermore, 
there was no correlation between initial weight and weight gain (P = 
0.57), but feed intake and feed conversion rate were weak and positively 
correlated with initial weight (R = 0.21 and R = 0.24, respectively, both 
at P < 0.05). The correlation was moderated and positive between initial 
weight and 7 d weight (R = 0.54, P < 0.01). Growth rate (7 d weight/
initial weight) and initial weight were strongly and negatively correlated 
(R = −0.84, P < 0.01). It was concluded that the light birds had higher 
growth rate from one up to 7d.

Key Words: broiler, development, growth, management weight, 
poultry

300P   Influence of complexed mineral supplementation on 
intestinal Escherichia coli and Salmonella. K. S. Macklin*1, J. B. 
Hess1, S. F. Bilgili1, J. T. Krehling1, and T. Cheng2, 1Auburn Univer-
sity, Auburn, AL, 2Zinpro Corp., Eden Prairie, MN.

The objective of this trial was to examine the effect of complexed zinc 
and manganese on Escherichia coli and Salmonella Enteritidis (SE) 
challenged broilers. Day-old broiler males (640) were selected and raised 
for 30 d on 1 of 4 dietary treatments in floor pens. The treatments were: 
control (CON; 80 ppm Zn, 90 ppm Mn), Availa Zn Iso (AZI; Zn sulfate 
40 + Availa-Zn 40; Mn sulfate 90 ppm), Availa-Zn on Top (AZOT; Zn 
Sulfate 80 + Availa-Zn 40; Mn Sulfate 90 ppm) and Availa-Zn and 
Mn (AZM; Zn sulfate 40 + Availa-Zn 40; Mn sulfate 50 + Availa-Mn 
40). On d 30, 2 birds per replicate (16/trt) were randomly selected 
and challenged with a bacterial cocktail containing 10x7 of SE and an 
APEC strain of E. coli. After challenge the birds were reared to d 34 
in Petersime batteries at which time they were necropsied. During the 
necropsy each bird had approximately 60 cm of the intestine removed, 
rinsed with PBS and this rinsate was reserved. The excised intestine 
was scraped and the resulting mucosal slurry collected. Livers were 
harvested, diluted and stomached. For each bird, BW, spleen weight and 
bursa size were determined. The liver and intestinal samples were then 
plated onto XLT4 and MacConkey for enumeration of SE and E. coli 
respectively. The remaining samples were divided in half and enriched 
with TTB for SE and TB for E. coli. Bacterial counts and enriched data 
was appropriately transformed. All data was then analyzed with GLM 
(P < 0.05) and the means separated using Tukey’s test. Results from 
this study showed that birds fed AZOT had lower E. coli levels in the 
intestinal rinsate and scrapings than other treatments although these 
differences were not significant. Liver E. coli levels were lower for all 
3 treatments fed complexed trace minerals. Liver SE levels were lower 
(P = 0.07) for birds fed either AZOT or AZM compared with the other 
2 treatments. Bursal scores were improved and spleen/BW ratios were 
decreased, indicating improved immunity and reduced internalized bac-
terial challenge. These results indicate that supplementing poultry diets 
with complexed Zn or complexed Zn and Mn can decrease intestinal 
colonization and septicemia caused by Salmonella and APEC.

Key Words: complexed minerals, broiler, Salmonella, E. coli

301P   The impact of deposition site on vaccination efficiency 
of a bacterial-based live poultry vaccine applied via spray. J. D. 
Evans*, J. L. Purswell, S. A. Branton, S. D. Collier, S. A. Leigh, and 
E. J. Kim, USDA-ARS Poultry Research Unit, Mississippi State, MS.

Vaccines are used in the poultry industry to limit disease-associated 
losses and spray vaccination is a commonly utilized means to mass 
apply poultry vaccines. During this process, the liquid particles derived 
from a vaccine suspension vector the vaccine to the potential host and 
vaccination occurs following internalization of the vaccine. Although 
a portion of the vaccine may be directly internalized during the spray 
process, a larger portion of the vaccine-containing particles are deposited 
on the potential host and its environment. To better determine the fate 
of these particles and the effect of deposition site on the efficiency of 
a vaccination utilizing a live bacterial-based poultry vaccine (AviPro 
MG F), a spray cabinet was constructed with a slotted partition allow-
ing for head-only, body-only, and head/body (concurrent) spray vac-
cination. Naïve Hy-Line W-36 pullets were obtained at 1 d of age. At 
11 wk of age, pullets (n = 280) were allocated equally among 7 treat-
ments, including non-vaccinated controls; pullets spray-vaccinated at 
the manufacturer’s recommended dose (1×) in a site-specific manner 
(head-only, body-only, and head/body); pullets spray-vaccinated at 
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5× the recommended level (body-only); pullets vaccinated by manual 
eye-drop application (1×); and pullets eye-drop-vaccinated at a level 
approximating that achieved during the spray vaccination process 
(1/700×). Following treatment, pullets were singly caged to minimize 
risk of horizontal transfer of the vaccine. At 6 weeks of age, vaccination 
efficiency was assessed via serum plate agglutination (SPA) and ELISA. 
SPA-assessed seroconversion rates were 0, 85,17.5, 90, 22.5, 100, and 
56% for non-vaccinated control, subjects sprayed at the recommended 
dosage (head-only, body-only, and head/body), body-sprayed subjects 
vaccinated at the 5× dosage, and eye-drop-vaccinated subjects (1× and 
1/700×), respectively. Results indicate an additive contribution of the 
vaccine deposited on the body to the overall vaccination efficiency of 
this bacterial-based live poultry vaccine.

Key Words: vaccine, spray application, vaccine efficiency

302P   Renovation of a poultry research barn for uniform 
and optimal rearing in performance studies. J. C. Bielke*, N. K. 
Neighbor, D. Lester, H. Lester, and B. M. Hargis, Department of 
Poultry Science, University of Arkansas Fayetteville, AR.

Research performance studies often require multiple treatment groups 
and high replications to satisfy statistical needs, but are often subject 
to pen effects. Thus, facilities able to provide uniform rearing condi-
tions in a high number of pens throughout the entirety of a barn are in 
high demand. An existing poultry barn was refitted for the purpose of 
conducting floor pen performance studies under challenge conditions. 
Structural and mechanical improvements were made and new ventilation 
equipment and controls were installed. Adequate and uniform ventila-
tion is a primary concern for research barns, and parameters to supply 
such conditions are unique to each facility. Each half of the barn was 
individually equipped with electronically controlled baffled inlet vents 
along the top of side walls, and 2 high-performance ventilation fans 
with a natural gas heater at opposite ends. For these purposes, modular 
pens built out of wire and PVC pipe were placed in the barn such that 
4 rows of pens ran the length of the housing space. Temperature and air 
flow were measured 10 cm from the ground to mimic bird level. Air flow 
was greatly affected by vent angle, ranging from 0 to 0.6 m/s at fully 
open, leaving some pens without air movement, and was dependent on 
the number of exhaust fans running. A vent opening of 45 degrees with 
both fans blowing resulted in the most optimal range of air flow and 
temperature control for testing levels in pens, with a range of 0.2 to 0.7 
m/s and only 2°C variability, respectively. We have hypothesized that this 
vent angle allowed incoming air to mix with air from the vaulted ceiling, 
thus pushing warm air downward. Additionally, a 3 week broiler per-
formance trial was completed with 8 replications of 4 treatment groups, 
consisting of 15 birds per pen. The coefficient of variation within each 
treatment ranged from 4.18 to 4.61%, with a mean of 4.43% ± 0.002, 
suggesting little variation between pens within the entire experiment. 
Taken together, these data suggest that the airflow design in this research 
barn is sufficient to yield uniform performance throughout the facility, 
thus reducing the possibility of pen effects in large trials.

Key Words: air circulation, barn design, pen effect

303P   Strategies for engaging poultry undergraduates through 
experiential learning. A. J. P. Krynski*, J. D. Perryman, A. G. C. 
DesLauriers, and F. E. Robinson, University of Alberta, Edmonton, 
AB, Canada.

Undergraduate students represent the core of the future leadership of 
the poultry industry and poultry science. Providing opportunities for 

students to gain meaningful experience with poultry is beneficial for 
attracting and retaining such future leaders. A voluntary web-based 
survey was conducted to determine the effectiveness of a variety of 
opportunities for actively engaging undergraduate students in poultry 
science. Academically, students have limited choices regarding courses 
with exclusive poultry content. The laboratory components of the applied 
poultry science course provided students with opportunities to raise their 
own broilers as part of a scientific study. This immersed students in the 
practical challenges involved in broiler management, nutrition, growth 
and development. Students have recently started a Poultry Research 
Center Student Club, a network of undergraduate students, professors, 
and graduate students. The poultry club offers a variety of resources 
including: the opportunity to assist in poultry research, assist in poultry 
genetic conservation through an “Adopt a Heritage Hen” program, and 
offer support to local producers. In a web-based survey of poultry club 
members, 88% of undergraduate club members had little or no prior 
poultry experience and 55% of undergraduate respondents came from an 
urban background. Although the primary motivation for joining the poul-
try club were social reasons, 62% of students became more interested 
in an animal related career; 57% became more interested in a poultry 
related career; 79% became more interested in a career in agriculture 
advocacy, and 45% of students indicated higher interest in graduate 
studies; 59% of students participated in research dissections; and 48% 
in chicken catching on commercial farms. These learning opportunities 
provided students with the ability to handle poultry, and interact with 
industry connections. It is anticipated that by engaging undergraduates 
directly with poultry related activities, students will gain experience, 
confidence, and interest in poultry science.

Key Words: undergraduate, education, learning

304P   Food-grade granular sulfur for ammonia control in com-
mercial layers and broiler breeders. W. Berry*, J. Hess, J. Blake, 
and S. Oates, Department of Poultry Science, Auburn University 
Auburn, AL.

Food-grade elemental sulfur is safe to feed to birds and poses no prob-
lems with toxicity or residue. A granular food grade sulfur product, 
included in the diets of commercial laying hens and broiler breeders was 
tested as a “feed-through” anti-ammonia treatment. Mature commercial 
laying hens and breeder hens were fed elemental sulfur at 0 (Control), 
0.5 (Low), 1.5 (Med), and 2.5 g/kg (High) ran for 8 weeks. Excreta 
samples from laying hens were taken at the end of the experiment for 
measurement of ammonia emissions. Ammonia emissions were in the 
layer excreta were measured by enclosing 20g samples in sealed contain-
ers for 24 h at room temperature, then drawing air from the headspace in 
the container through an ammonia analyzer. Ammonia emissions were 
measured directly on the pine shaving litter of pens containing broiler 
breeders at wk 8. A plastic tub was inverted on the litter for 15 min, 
then air from the tub was withdrawn through the ammonia analyzer. 
Hen body weight, mortality, egg production and shell and interior egg 
quality were measured throughout the experiment. Egg production was 
recorded for all hens. At the end of the experiment, laying hen tissues, 
eggs, and excreta were analyzed to determine the distribution and fate 
of the compound in the birds, eggs, and waste. In laying hens, it was 
found that sulfur treatment did not alter feed intake, egg production, 
or egg quality, and did not accumulate in tissues or eggs. The analysis 
for N, P, K and Ca as well as other minerals demonstrated that granular 
sulfur did not alter uptake of these elements, did not cause the hen to 
accumulate or lose minerals, and did not alter excreta concentrations of 
these minerals. Ammonia emissions from layer excreta were Control = 
10.6 ± 2.9 ppm, Low = 6.1 ± 2.9 ppm, Med = 4.1 ± 2.7 ppm, and High 
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= 3.5 ± 1.1 ppm. Ammonia emissions from breeder litter were: Control 
= 58 ± 5 ppm, Low = 45 ± 5 ppm, Med = 39 ± 5 ppm, and High = 36 ± 
4 ppm. Feeding food-grade granular sulfur reduces ammonia emissions 
from waste in both layers and breeders.

Key Words: ammonia, litter, layer, breeder, sulfur

305P   Effect of sample-handling procedures on the microbial 
profile of poultry drinking water. S. Cox*, T. Clark, C. Kuenzel, 
and S. Watkins, University of Arkansas, Fayetteville, AR.

An evaluation was conducted to determine how different handling 
procedures can affect the microbial profile of poultry drinking water 
samples in an effort to establish if handling procedures can alter results. 
Five water samples were aseptically collected from poultry drinking 
water lines that had been allowed to sit unused for 4 wk. Samples were 
held for 72 h and tested at 3, 24, 48, and 72 h. Sample 1 was stored 
at 21°C from time of collection through 72 h. Sample 2 was stored at 
21°C for 3 h and then at 30°C for the remaining time. Sample 3 was 
placed on ice immediately post collection and then plated at 3 h and 
then stored for the remaining time at 4.4°C. Sample 4 was held at 21°C 

for 3 h and then stored at 4.4°C for the remaining time, and sample 5 
was stored at 21°C for 3 h, then stored for 24 h at 4.4°C, then stored 
at 21°C for 24 h, and then stored at 4.4 for the last 24 h. All samples 
were plated for determination of most probable number for total aerobic 
plate count, yeast and mold. Initial APC counts for all samples at the 3 
h microbial evaluation indicated all samples were between 6.16 to 6.36 
log10 and no yeast and mold growth were present. By the 24-h plating, 
the samples held at 21°C and 30°C had increased to 7.0 log10 APC and 
2.4 log10 mold growth. Mold was present in samples 3 and 4 after the 
24-h plating, but APC counts remained similar to the counts observed 
at the 3-h plating. By 48 h, sample 1 remained at 7.0 log10 while the 
other samples returned to counts similar to the 3-h results or slightly 
below and mold and yeast growth were now present from all samples. 
By 72 h, sample 1 remained at 7.0 log10 APC counts and yeast and mold 
were 3.0 log10 counts while all other samples had APC counts similar 
to the 48-h sampling time with yeast and mold levels varying from 1 to 
3 log10. These results do indicate that sample handling has a marginal 
effect on APC results and yeast and mold tends to become present the 
longer samples are held, regardless of storage procedure.

Key Words: drinking water, yeast, mold, contamination
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306P   The VT-PREP: A training program for closing the gap 
between biomedical and agricultural sciences. E. J. Smith* and E. 
A. Wong, Virginia Tech, Blacksburg, VA.

Graduate education in the animal sciences continue to have several 
challenges including the underrepresentation of minorities in programs 
at Land Grant Institutions, lack of funding compared with NIH-related 
research, and interest from undergraduates. Since 2003, using com-
petitive funding from the NIH, we have developed and implemented a 
Postbaccalaureate Research and Education Program (PREP) for students 
underrepresented in the biomedical sciences that could be a model for the 
animal and other agricultural sciences. Now in its third cycle, following 
the second competitive renewal, almost 80 students have participated in 
the program. The students originated from different areas of the country 
plus Puerto Rico and the US Islands. Their areas of research have varied 
from biomedical engineering to behavioral sciences to molecular biol-
ogy. Faculty mentors, exceeding 50, have included scientists in diverse 
departments and colleges including agriculture, engineering and humani-
ties. The program has succeeded in placing almost 80% of scholars in 
PhD programs at research-intensive institutions including land-grant 
and Ivy League institutions. Nine scholars have received PhDs and one 
MD. The training program provides an opportunity for non-minority 
faculty to work with URMs and vice versa helping to overcome fears 
and stereotypes. The university should provide matching funds to help 
with recruitment and community building activities that lead to a criti-
cal mass that attracts others and keep the applications coming. For the 
5 to 7 slots we normally have each year, our applicant pool exceeds 70 
students. This number is almost 3-fold that received by any large animal 
science department including ours. If our departments and grad programs 
are to grow, PREP offers an opportunity and an innovative approach.

Key Words: training grant, underrepresented minorities, postbacca-
laureate, graduate education

307P   A rapid response team for assessment and mitigation of 
environmental and vector issues on farms. G. P. Martin*2, P. H. 
Patterson1, R. M. Hulet1, S. O. Dehoff3, and B. Futrick3, 1Department 
of Animal Science, The Pennsylvania State University, University 
Park, PA, 2Cooperative Extension, The Pennsylvania State University, 
Lancaster, PA, 3Pennsylvania Department of Agriculture, Harrisburg, 
PA.

A rapid response team comprised of participants from the college of 
agriculture (including cooperative extension), department of agriculture, 
state conservation districts and industry stakeholders was formed. The 
team deals with issues concerning farms and their neighbors. The major-
ity of the issues the team responded to dealt either with environmental 
or pest effects on farms and their neighbors. Response includes a rapid 
assessment of the issues, site visits and recommendations for mitigation 

of issues. In complex or larger geographic impacts, targeted extension 
programs for mitigation are employed to assist in suppression of pests 
and other issues in the community. The use of integrated pest controls, 
mapping, and cloud-computing technologies help the team in coordina-
tion and control. Since 2005, the team has responded to over 50 calls 
requiring team involvement. With the exception of 2 cases, the issues 
have been resolved within 3 wk of the first call. The remaining cases 
have taken more than a month to clear but have been cleared. Farmers 
have reported an improvement in knowledge surrounding IPM and over 
80% have adopted one or more methods of IPM for vector control in 
poultry housing.

Key Words: extension programs, vector control, IPM, response 
teams, environmental impacts

308P   The diversity of scientific journeys: Getting into and 
succeeding in science. E. Smith*, A. Diaz, S. Culver, D. Bevan, E. 
Wong, and A. McNabb, Virginia Tech, Blacksburg, VA.

It turns out that the path for getting into science is as varied as science 
itself. Succeeding, however, requires a path that cuts across disciplines 
and is less diverse. Since 2003, as part of a NIH training program, we 
asked 100+ scientists about their scientific journeys and the reasons 
and factors that help sustain their interests and retention in the chosen 
discipline. The scientists, from industry, the federal government, and 
primarily research institutions, ranged in rank from research associates 
to distinguished professors and included 3 members of the US National 
Academy of Sciences. About 20% of the participants were local or 
associated with Virginia Tech and were primarily women and minority 
scientists. For some, a path into science started early in middle school, 
though for most it began in the undergraduate years. Challenges faced 
included juggling children in graduate school to divorce and other family 
issues. Almost all the scientists identified mentors outside of family and 
graduate program as having affected their pursuit of a career in science. 
High motivation and commitment were also identified by over 50% as 
having a significant impact on tackling the difficulties that arise in the 
conduct of a dissertation research. While money to invite speakers was 
instrumental in this project, partnerships with departments and programs 
also contributed. This provides a model for other institutions in maxi-
mizing the visit of scientists to not only open up avenues for research 
collaboration, but for students to acquire additional skills in surviving 
graduate school. What emerged from these retrospectives by success-
ful scientists include the observations that minority graduate students 
face challenges common to all graduate students and that those that are 
unique can be solved and do not have to be fatal.

Key Words: scientists, seminar, scientific journey, graduate 
education
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309P   Carcass yield of Saudi chicken breeds raised under high 
ambient temperature. M. M. Fathi*, M. O. Fahmy, I. Al-Homidan, 
O. K. Abou-Emera, and A. Al-Homod, Department of Animal Pro-
duction and Breeding, Qassim University, Al-Qassim, Saudi Arabia.

Classification of local chicken breeds based on their phenotypic and 
genetic characteristics is of interest. There is a risk of extinction for the 
local domestic breeds of chicken, so a great attention and efforts must 
go to the local genotypes in all areas of the kingdom of Saudi Arabia. 
However, many researches inferred that Saudi local chickens exhibited 
a large variation in body shape and feather colors. In the current study, 4 
Saudi chicken breeds (Brown, Gray, Barred and Black) raised under high 
ambient temperature (32–34°C) of Al-Qassim province, Saudi Arabia 
were used to assess carcass quality. All birds were reared under similar 
managerial, environmental, and hygienic conditions. They received a 
diet containing 18% CP and 2850 kcal of ME/kg of diet. At 16 wkof 
age, a total of 40 cockerels (10/each breed) were assigned randomly 
to carcass evaluation. Feed was removed 6 h before killing. The live 
birds were weighed and killed by exsanguination and left to complete 
bleeding. Feathers were manually removed after scalding at 60°C for 
approximate 2 min. The bird was processed by removing the head, 
shanks and feet and eviscerated by removing the viscera. The carcass was 
then immersed in cold water. The carcass, thigh, drumstick and breast 
muscles (minor and major) were weighed. Each portion was expressed 
as a proportion of the live body weight. Data was subjected to a one-way 
ANOVA using JMP Ver. 8.0.1. The results revealed that the brown birds 
had a slightly heavier body weight compared with the other different 
breeds. The barred cockerels recorded a significantly (P < 0.05) higher 
carcass % when compared with the other breeds. On the other hand, 
the leg parts (thigh and drumstick) and breast muscles didn’t exhibit 
significant results among the different breeds. We conclude that Saudi 
brown breed recorded slightly heavier body weight. While the barred 
birds exhibited the highest carcass percentage compared with the other 
breeds. However, genetic improvement and selection procedure through 
breeding programs must be taken into consideration to improve body 
weight gain of the barred breed which has higher carcass relative weight.

Key Words: Saudi chicken, carcass quality, high temperature

310P   Identifying polymorphism of single nucleotide polymor-
phisms located at NK-lysin in Saudi native chicken strains. M. 
M. Fathi*1, H. A. Yacoub2, O. Fahmy1, and I. Al-Homidan1, 1Dept. 
of Animal Production and Breeding, Qassim University, Buraydah, 
Al-Qassim, Saudi Arabia, 2Department of Biological Sciences, King 
Abdul Aziz University, Jeddah, Saudi Arabia.

There is a common belief that the local chicken breeds are naturally 
and genetically resistant to prevailing diseases. NK-lysin is an effector 
protein of the innate immune system and an important component of host 
protection. To identify potential polymorphism in Saudi native chicken 
strains of SNP located at NK-lysin, 60 blood samples from 4 strains 
were collected (black, dark brown, light brown and barred). The genomic 
DNA was isolated from each blood sample using AccuPrep Genomic 
DNA extraction kit (Bioneer Inc., Daejeon, Republic of Korea). DNA 
sequencing in open reading frame (ORF) of NK-lysin coding sequence in 
all samples strains was performed. Two SNP located at NK-lysin coding 
sequence were found. An A to G nucleotide substitutions at position 102 
and 116 were exploited. The second SNP located at position 116 was a 
novel and new substation at ORF of NK-lysin coding sequence. Three 

different patterns of polymorphism were observed for the 2 SNPs, such 
genotypes were (AA homozygous, GG homozygous and AG heterozy-
gous). With respect to SNP 102A > G, the frequency of allele A was 
(0.58–0.83). Homozygous AA genotype was dominant (68%, 77% and 
60%) for black, dark brown and barred strains, respectively, followed 
by the AG genotype and lastly the GG genotype. In light brown strain, 
which has a different genotype frequencies, the homozygous AA geno-
type and heterozygous AG have the same frequency. For 116A > G, the 
frequency of allele A was (0.91–1.00). Homozygous AA genotype was 
dominant (100%) for each strain except for barred one (91%) followed 
by GG genotype. No strain had AG heterozygous genotypes. Moreover, 
the genotype distributions were not compatible with Hardy-Weinberg 
equilibrium for this SNP (χ2 = 0). The results suggest that the genotypic 
diversity of NK-lysin found in Saudi native chickens could be associated 
with different immune response for disease resistance.

Key Words: Saudi chicken, NK-lysin, SNP, polymorphism

311P   Withdrawn

312P   Growth pattern, reproductive performance, and seasonal 
sensitivity of Bovan Nera and ISA Brown parent-stock chickens 
in Ibadan Nigeria. O. M. A. Jesuyon* and A. H. Ekeocha, Federal 
University Oye Ekiti, Oye, Ekiti, Nigeria.

Parent stocks (PS) of exotic hybrids have contributed immensely to 
commercial poultry production in Nigeria. The growth, reproductive 
performance, and seasonal sensitivity of Bovan Nera (BN) and ISA 
Brown (IB) hybrids were evaluated. Secondary data on 24 batches of PS 
of each of BN and IB kept over a period of 10 yr (1999–2008) in Ajanla 
Farms, Ibadan were used. Average batch population was 3,896 pullets 
and 600 cockerels at point-of-lay. Records on body weight (BW), age, 
hen-day-production (HDP), egg weight (EWt), egg fertility (EF), egg 
hatchability (EH), pullet day-old chicks produced (PDOC) and hatching 
rejects (HR) in 4 seasons: early-wet (EW, April–July); late-wet (LW, 
August–October); early-dry (ED, November–January) and late-dry (LD, 
February–March) were obtained. Data were standardized and analyzed 
for growth, age-at-first-egg (AFE), HDP characteristics, reproduction, 
seasonal sensitivity, genotype-season interaction using descriptive statis-
tics, ANOVA, correlation and regression (P = 0.05). Effect of seasons on 
AFE was not significant in both hybrids, but ED and LD seasons delayed 
AFE. The HDP values (%) recorded for BN (63.2) and IB (72.9) in ED 
were significantly higher than in other seasons. There were significant 
differences in EF (80.8 and 88.7%), EH (69.1 and 73.6%), PDOC (32.6 
and 36.1%) and EWt (56.2 and 59.9 g) for BN and IB respectively in 
EW season. EF (86.2 and 89.5%) and EH (73.1 and 73.9%) in LW were 
highest within hybrids respectively. Phenotypic correlation (r) between 
Age and Hen Weight, Age and EWt, Hen Weight and EWt, EF and EH, 
EF and PDOC, and EH and PDOC were 0.78, 0.74, 0.68, 0.73, 0.72 and 
0.98 in BN; and 0.77, 0.52, 0.53, 0.69, 0.71, and 0.97 in IB respectively. 
The positive and significant correlation between HR and EWt (r = 0.14 
and 0.13), for BN and IB respectively, indicated increase in HR as EWt 
increased. Predictions of BW by Age (R2 = 0.85, 0.84), EWt by Age-
in-production (R2 = 0.65, 0.65), and PDOC by EH (R2 = 0.99, 0.95) 
in both hybrids were significant at 25–75 weeks. HDP, EF, EH, PDOC 
were higher in IB than BN during the early-dry season.

Key Words: chicken growth, exotic, hatching indices, Nigeria, per-
formance depression
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313P   Genetic analysis of bone quality traits and growth in 
a random mating meat-type population. F. González-Cerón*1, 
A. B. Karnuah1, R. Rekaya2, N. B. Anthony3, and S. E. Aggrey1, 
1Department of Poultry Science, University of Georgia, Athens, GA, 
2Department of Animal and Dairy Science, University of Georgia, 
Athens, GA, 3Department of Poultry Science, University of Arkansas, 
Fayetteville, AR.

Rapid growth has been associated with skeletal integrity and bone 
quality. We report herein the genetic relationship between growth and 
leg bone quality traits in a random mating broiler control population. 
The traits studied were shank length (SL), shank weight (SW), shank 
diameter (SD), tibia weight (TW), tibia length (TL), tibia diameter (TD), 
tibia breaking strength (TBS), tibia mineral density (TMD), tibia mineral 
content (TMC), tibia ash content (TAC) and growth rates from 0 to 4 
wk (BWG 0–4) and from 0 to 6 wk of age (BWG 0–6) and residual feed 
intake from 5 to 6 wk (RFI 5–6). Genetic parameters were estimated by 
multiple-trait, restricted maximum likelihood (REML) using an animal 
model. Heritabilities of SW, SL, SD, TW, TL and TD were 0.45, 0.40, 
0.14, 0.38, 0.60, and 0.40, respectively. On the other hand, TBS, TMD, 
TMC, and TAC had heritabilities of 0.22, 0.32, 0.34, and 0.11, respec-
tively. Genetic relationship between growth and most of the bone traits 
ranged from 0.11 to 0.82. However, the additive genetic association 
between growth and TBS and TAC was unfavorable ranging from −0.11 
to −0.26. Bone quality traits have an additive genetic background and 
they can be improved by genetic methods. It appears that selection for 
growth is negatively correlated with bone quality.

Key Words: bone quality, growth, genetics

314P   16S rRNA-based diagnosis and whole-genome sequenc-
ing of bacteria cultured from lame broilers with osteomyelitis. A. 
A. Al-Rubaye*, K. Estill, R. F. Wideman, and D. D. Rhoads, Univer-
sity of Arkansas, Fayetteville, AR.

Lameness is a significant problem 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. In 
2 independent experiments broiler chicks were obtained from 2 different 
hatcheries and were reared on wire flooring in 2 separate research facili-
ties. Blood samples and bone samples (proximal femora and tibiae) from 
clinically lame broilers were cultured and the resulting bacterial colonies 
were identified by 16S ribosomal DNA sequencing. Staphylococcus 
spp. were the main species associated with BCO in both experiments. 
Staphylococcus agnetis, which previously had not been isolated from 
poultry, was the principal species isolated from the majority of the bone 
and blood samples. 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). Staphy-
lococcus spp. also were isolated from the blood of apparently healthy 
broilers. 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: sequencing, broiler, lameness, osteomyelitis, genome

315P   Growth curve comparison of growth-selected and non-
selected local chickens in Egypt. M. A. Helal* and E. A. El-Gendy, 
Department of Animal Production, Faculty of Agriculture, Cairo 
University, Giza, Egypt.

Growth patterns of local chicken strains are different from those of the 
commercial broiler strains as they differ in their genetic compositions. 
This study aimed to monitor the changes in the growth patterns of local 
chickens in Egypt due to selection for 6-week body weight. The chickens 
were of the normally feathered selected and control lines (CE1 and CE2) 
and the naked-neck selected and control lines (CE3 and CE4). The chicks 
of all lines have been raised together from hatch to 18 wk of age. The 
non-linear growth model of Gompertz was applied to fit the body weight 
measurements of the 8th selected generation. Growth functions were 
derived from the average of biweekly body weight from hatch to 18 wk 
of age. The coefficient of determination (R2) for the models was 0.9965. 
Lines CE1 and CE3 showed higher initial growth rates and lower ages 
at the inflection point compared with their corresponding control lines 
CE2 and CE4. The random-bred lines (CE2 and CE4) showed lower 
estimates of asymptotic body weights. It can be concluded that selection 
for high 6-wk body weight in local chickens modified the parameters 
of their growth curves.

Key Words: body weight, Gompertz model, growth curve, local 
chicken, selection.

316P   Comparison of genomic integration efficacy in chicken 
primordial germ cells in vivo by two types of transposon vec-
tors: Tol2 and PiggyBac. K. Ishibuchi*, I. Arai, S. Goto, R. Hirano, 
Y. Kawasaki, and K. Maruyama, Meiji University, Kawasaki, 
Kanagawa, Japan.

In our previous studies, genomic integration in vitro was remarkably 
improved by the use of transposon vectors. In this study, we compared 2 
types of transposon vectors: Tol2 and PiggyBac for genomic integration 
efficacy, using EGFP as a reporter. The Tol2 is derived from medaka 
fish genome and requires 2 plasmid vectors: a transposase expression 
vector and a cargo vector. The PiggyBac is derived from cabbage looper 
moth genome and its modified pmhyGENIE-3 is a transposase-cargo 
complex vector, requiring one plasmid vector for a task. In the study, 
4 different methods to transfect plasmid vectors were also compared. 
These are lipofection, electroporation, lipofection plus electroporation, 
electroporation plus sonoporation. Chicken embryos at Stage X were 
transfected with a respective plasmid vector or vectors and by a respec-
tive transfection method and cultured through Day 6.5 ex ovo to excise 
embryonic gonads and mesonephros. Gonads and mesonephros were 
made into frozen sections with the thickness of 10 µm for immunohisto-
chemical staining with SSEA-1 for primordial germ cells and EGFP for 
the reporter. Cell nuclei were detected with DAPI. With a confocal laser 
scanning microscope, primordial cells and primordial cells expressing 
EGFP were counted. Likewise, gonadal epithelial cells and epithelial 
cells expressing EGFP were counted. The number of primordial germ 
cells expressing the reporter gene per individual was, with Tol2, 6.33, 
3.33, 5.00, and 4.33 cells by lipofection, electroporation, lipofection 
plus electroporation, and electroporation plus sonoporation, respectively, 
and was, with PiggyBac, 6.67, 4.67, 10.00 and 4.33 cells by lipofection, 
electroporation, lipofection plus electroporation, and electroporation 
plus sonoporation, respectively. In conclusion, transposon vectors are 
efficacious in chicken transgenesis and the use of pmhyGENIE-3 and 
transfection by lipofection with electroporation is the most appropriate.

Key Words: genomic integration, transposon, Tol2, PiggyBac, trans-
genic chicken
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317P   Pterylosis of the dorsal, ventral and lateral tracts of 
naked neck, frizzled, and normal feathered birds. K. Adomako*, 
D. Addison, J. A. Hamidu, and O. S. Olympio, Department of Animal 
Science, Kwame Nkrumah University of Science and Technology, 
Kumasi, Ashanti, Ghana.

Feather follicles in the dorsal, ventral and lateral tracts of naked neck, 
frizzled, and normally feathered birds were investigated. Nine birds, 
3 from each genotype (Nanaff, nanaFf, and nanaff) were randomly 
slaughtered and the numbers of feather follicles in the dorsal, ventral 
and lateral regions were determined. Each experiment was repeated 
3 times. ANOVA was performed using SAS (2012) and differences 
between separated by PDIFF at P < 0.05. There was no significant dif-
ference in feather follicles in the dorsal ventral tracts between frizzled 
and normal feathered birds. However naked neck genotype had no fol-
licles in these tracts. The frizzled genotype had a significant reduction 
in the number of follicles within the interscapular tracts compared with 
the normal feathered. The frizzle genotype had a significantly higher 
follicles numbers in the dorsal ventral region compared with the naked 
neck. In the ventral region the naked neck had a significant reduction 
in the number of follicles at ventral cervical tract, pectoral tract, sternal 
tract and the medial abdominal tract. There were no feather follicles in 
the ventral cervical apterium and the cloacal circlet. The frizzle had 
lower follicle numbers compared with the normal feathered counterpart 
at pectoral tract, medial abdominal tract and the cloacal circlet. In the 
lateral region, the naked neck genotype had a reduced number of fol-
licles in the lateral body tracts compared with the frizzle and normal 
feathered genotypes. The naked neck and frizzled genotypes have their 
feather follicles reduced in the regions studied and this could form the 
basis for the enhanced heat dissipation in naked neck and frizzle birds 
under high ambient temperatures which results in increased productiv-
ity among these birds under tropical conditions as they do not become 
stressed under high ambient temperatures.

Key Words: pterylosis, feather follicles, feather tracts, genotype, 
dorsal

318P   Estimation of genetic and phenotypic parameters for 
internal egg quality traits of Azerbaijan native chickens. M. 
Ranjbar, S. Alijani*, S. A. Mirghelenj, and H. Daghighkia, Depart-
ment of Animal Science, Faculty of Agriculture, University of Tabriz, 
Tabriz, Iran.

For the first time, an experiment was conducted to estimate of herita-
bility, genetic and phenotypic correlations among internal egg quality 
traits of Azerbaijan native fowls. The data set that was used in this study 
included the records that collected in West Azerbaijan province’s native 
chicken breeding center and agriculture central laboratory complex of 
university of Tabriz. Statistical models for all traits were fitted using 
GLM procedure of SAS software. Fixed effects including generation and 
incubation time were significant (P < 0.01) for all traits except for egg 
meat-blood stains and yolk depth. Eight univariate animal models were 
compared for estimation of heritability and other genetic parameters 
and the most appropriate model for each trait was determined based 
on deviance information criterion (DIC). The genetic and phenotypic 
correlations between certain traits were also estimated through a mul-
tivariate animal model. Obtained results showed that direct heritability 
estimations of egg quality traits ranged from 0.02 for yolk depth to 
0.31 for albumen percent. There were high positive genetic correlations 
between albumen weight and Haugh unit (0.96) as well as between egg 
weight and albumen weight (0.86). Considering the importance of egg 
quality traits in fertility and rural egg production in Iran, thus, these 

genetic and phenotypic parameters could be used to improve internal 
egg quality traits in Azerbaijan native chickens.

Key Words: native chicken, internal egg quality traits, heritability, 
genetic and phenotypic correlation

319P   Evaluation of maternal effects and detecting major genes 
in internal egg quality traits of Azerbaijan native chickens. M. 
Ranjbar, S. Alijani*, S. A. Mirghelenj, and H. Daghighkia, Depart-
ment of Animal Science, Faculty of Agriculture, University of Tabriz, 
Tabriz, Iran.

The aim of this study was to evaluate maternal effects and detect major 
genes affecting internal egg quality traits in Azerbaijan native chickens. 
The data set that was used in this study included the records collected in 
West Azerbaijan province’s native fowl breeding center and agriculture 
central laboratory complex of university of Tabriz. Statistical models 
for all traits were fitted using GLM procedure of SAS software. The 
probabilities of major genes segregation were separately studied in 
all investigated traits under a univariate animal model using Bayesian 
analysis and major gene index (MGI) procedure. The major gene index 
calculated using outputs from univariate animal model. Segregation 
of major genes was confirmed for internal egg quality traits including 
yolk width, yolk height, albumen pH, yolk weight to albumen weight 
ratio, yolk index, yolk and albumen percentages and finally for yolk 
and albumen dry matter values in Azerbaijan native fowls. Given that 
major gene segregation was confirmed for internal egg quality traits, it 
is concluded that molecular techniques can be successfully used to map 
the related major genes in Azerbaijan native fowl.

Key Words: major gene segregation, major gene index, Azerbaijan 
native fowl, molecular techniques

320P   Genome resequencing for genetically selected chicken 
lines for progression and regression of Rous sarcoma virus 
induced tumors. B. W. Kong*, A. M. Hayden, G. F. Erf, and N. B. 
Anthony, University of Arkansas, Fayetteville, AR.

The Rous sarcoma Arkansas Progressor (AP) and Regressor (AR) lines, 
which are characterized by terminal progression or successful regression 
of Rous sarcoma virus induced tumors, were developed from White 
Leghorn and Giant Jungle Fowl strains. AP vs AR lines of chickens are 
important experimental models of disease susceptibility and resistance 
to pathogens in the commercial poultry industry. The identification of 
genome-wide genetic differences between AP and AR lines will provide 
insights into understanding the genetics of disease susceptible/resistant 
phenotypes. Whole-genome resequencing analysis was performed in 
AP and AR chickens with confirmed tumor progression and regres-
sion, respectively. Illumina sequencing technology and reference based 
assembly on Red Jungle Fowl genome sequences were used. Results of 
genome resequencing of pooled DNA of each 10 AP and AR chickens 
reached 4.9× and 4.4× coverage, respectively, of the Red Jungle Fowl 
reference chicken genome. Millions of SNPs were identified and only 
potentially causal genes containing non-synonymous mutations, which 
can induce amino acid changes, were focused on in this study. In total, 
7,470 SNP including 4,256 for AP and 3,214 for AR showing >75% 
SNP rates could induce non-synonymous mutations. Of those, SNP 
showing over 10 read depths yielded 172 more reliable SNP includ-
ing 140 for AP and 32 for AR. Bioinformatic analysis using Ingenuity 
Pathway Analysis for the 32 genes responsible for tumor regression 
in the AR line chickens revealed that 11 genes (ARHGAP10, BANK1, 
BMX, CADM1, DNA2, LRP3, NUP210, PIK3R4, RPGR, SACS, SI) 
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contained amino acid changes associated with cancer. Gene network 
analysis revealed that genes including ITPRIP, THADA, PIK3R4, 
CADM1, NUP210, DNA2, SACS, BMX, and ARHGAP10 are associated 
with ubiquitinylation. In this study, various potential genetic biomarkers 
showing amino acid changes were identified in Rous sarcoma tumor 
development through genome resequencing. This work was supported 
by funds from the Arkansas Biosciences Institute-Agriculture and the 
Arkansas Agricultural Experimental Station.

Key Words: SNP, Rous sarcoma virus induced tumor, Arkansas 
Progressor, Arkansas Regressor, whole-genome sequencing

321P   Genetic manipulation of neural crest cells using the Pig-
gyBac transposon, Talen, and Crispr/Cas systems. J. A. Payne* 
and R. B. Beckstead, University of Georgia, Athens, GA.

Traditionally, the chicken has been a well-established model for the 
study of developmental biology with advantages such as a relatively 
small genome, a short generation interval, and the ability to easily access 
and manipulate the embryo in ovo. Studies in the chicken have led to 
advances in the understanding of neurogenesis, somite development and 
formation, and limb development. However, due to physiological dif-
ferences from other species, the use of the chicken as a model organism 
has fallen behind in the areas of transgenic technology and molecular 
approaches. Consequently, the chicken has been replaced in basic 
research by other model organisms such as mice and zebrafish. There 
is a need to adapt molecular techniques for use in the chicken model 
system. Along with others, our laboratory has shown that transposable 
elements can be used to stably modify the chicken genome. Here we 
present the use of the PiggyBac transposon system in conjunction with 
electroporation to stably transfect and label neural crest cells with an 
expressed green fluorescent protein. Using this technique, we were 
able to follow the migration of those cells and to mark the tissues into 
which they differentiate. This demonstrates the ability to employ the 
PiggyBac system to express exogenous genes in these cells. To validate 
additional methods for genetic modification, we have adapted the Talen 
and Crispr/Cas systems to function within the neural crest cells. These 
molecular tools allow for targeted gene disruption. We have generated 
and are testing constructs that produce deletions within the tyrosinase 

gene, resulting in loss of pigmentation in the feather. This research 
will be advantageous to future studies for 2 reasons. First, through 
small changes to the PiggyBac system we will be able to stably label 
and follow specific gene expression in differentiated neural crest cells 
throughout the life of the chicken; and, second, new means by which 
gene knockouts can be produced in the chicken genome will enable 
further study of gene function and regulation.

Key Words: PiggyBac, transposon, electroporation, transgenic, gene 
disruption

322P   Haplotype structure and variation of telomerase reverse 
transcriptase (turTERT) gene in turkeys (Meleagris gallopavo). A. 
M. Adikari, T. Pleasant*, J. Xu, and E. Smith, Virginia Tech, Blacks-
burg, VA.

In humans and other animals, some mutations in the telomerase reverse 
transcriptase (TERT) gene cause a malfunction of the telomerase and 
telomere shortening. This often may result in age-related diseases. 
Here we investigated the distribution of SNPs and the resulting haplo-
types identified in the turkey TERT gene. A total DNA sequence of 28 
kb including the turTERT gene was screened and the DNA variation 
was assessed using heritage, commercial and wild turkeys. Linkage 
disequilibrium among the SNP ranged from 0.46 to 1.00. A total of 
15 haplotypes were identified and assembled into 4 haplogroups. The 
estimated frequencies of the haplogroups ranged from 0.10 to 0.38 in 
the turkeys. The most frequent haplogroup occurred at a frequency of 
0.38. The Royal Palm had a unique haplogroup, turTERT Hap1, and was 
missing a haplogroup, turTERT Hap4, that was common to all the other 
populations. Most of wild turkeys were laid within the haplogroup of 
turTERT Hap3. The haplotype groupings suggest that the Royal Palm 
may have a unique genetic background distinct from other turkey vari-
eties. Taken together with earlier studies, a case can be made that the 
Royal Palm is probably a breed while the others are varieties consistent 
with classic definitions.

Key Words: turkey, telomerase reverse transcriptase, haplogroup, 
diversity panel
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323P   Marginal deficiency of trace minerals causes footpad 
dermatitis in broiler chicks. F. Alemi*, R. Kurzbard, and K. C. 
Klasing, University of California, Davis, CA.

The food value of the chicken feet is often impaired by discoloration, 
hyperkeratosis, lesions and ulcerations foot pads. This pathology is 
known as footpad dermatitis (FPD) and is an animal welfare concern. 
FPD usually results from an initial injury (scratch or chemical burn) to 
the skin that becomes infected and chronically inflamed. The inflamma-
tory response results in hyperkeratosis, discoloration, and granulomatous 
lesions. The etiology of FPD is complex and multifactorial. Nutrition, 
litter type, and litter moisture often interact to cause FPD. Litter quality 
is affected by many factors including particle size, moisture content, 
fecal content and levels of irritants such as ammonia. Inflammatory dis-
eases increase the requirement for copper, zinc and manganese (CMZ). 
Therefore, an experiment using broilers was conducted to examine the 
effect of a marginal deficiency of CMZ on FPD. Four broods of chicks 
were raised successively in batteries with raised wire floors and litter 
was allowed to accumulate until it slightly covered the wire floor. The 
moisture content of the used litter was brought to 25%. Two diets were 
fed to day old broiler chicks: CMZ supplied as hydroxyl minerals at: 
copper, 6 ppm; zinc, 40 ppm; manganese, 40 ppm (CMZ-OH) or a 
control corn-soy meal diet with no added CMZ (CONT). There were 
32 pens per dietary treatment with 4 birds per pen. On d 19, the foot 
pads of all birds were scored macroscopically and the epidermis was 
evaluated histologically. Birds fed basal diet had severe FPD. CMZ-OH 
decreased the severity of FPD as scored macroscopically (P < 0.04) or 
histologically (P < 0.02). The correlation between visual scoring FPD 
and histological scoring was significant (P < 0.02; R2 = 0.88). CMZ-OH 
improved growth rate and performance (P < 0.01). Much of the effect 
on performance occurred during the first 11 d but this effect was main-
tained, though not increased, during the remainder of the experiment. 
Most of the effect on performance was likely due to a marginal zinc 
deficiency because it affects feed intake and growth more than copper 
or manganese.

Key Words: zinc, copper, chicken, performance, footpad

324P   Effects of aflatoxin and its binders on growth perfor-
mance and immune indices for Cherry Valley ducks. Q. Xie*, W. 
H. Chang, G. H. Liu, H. Y. Cai, J. Q. Wang, and C. S. Lv, Chinese 
Academy of Agricultural Sciences, Beijing, China.

The objectives of the study were to investigate effects of aflatoxin on 
growth performance and immune indices for Cherry Valley ducks, 
and evaluate the efficacy of different kinds of binders in eliminating 
aflatoxin-induced adverse effects. A total of 360 1-d-old Cherry Valley 
male ducks were randomly divided into 4 dietary treatments with 6 
replications per treatment. The 4 diets formulated included a basal diet 
(negative control), a contaminated diet with 100.19 μg/kg aflatoxin 
(positive control) and 2 contaminated diets supplemented with 2 g/kg 
binders of hydrate sodium calcium alumino silicate (produced by R&L 
Chemical Inner Mongolia Co. Ltd.) or yeast cell wall (produced by 
Guang Dong Jiangmen Center For Biotechnology Development Co. 
Ltd.; NCH, NCY). Of those, the contaminated diet was formulated by 
replacing common cottonseed meal with 8% naturally moldy one on 
the equal nutrient level basis. Ducks had access to feed and water ad 
libitum throughout the whole study period, starter (0–14d) and finisher 

(15–35d). Compared with the negative control, moldy cottonseed meal 
significantly decreased ADG and ADFI (P < 0.05) and increased F/G 
in whole experiment period (P < 0.05). Moldy cottonseed meal signifi-
cantly increased the relative weight of liver, thymus, spleen and bursa 
of fabricius (P < 0.05), but decreased the serum albumin and ALP at 
14d (P < 0.05), and increased ALT at both 14d and 35d and AST at 14d 
as well (P < 0.05). NCH group had significant lower relative weight 
of the liver and immunity organs at both 14d and 35d (P < 0.05) than 
NCY group. Ducks in NCY group had lower serum albumin at 14d (P < 
0.05), but higher ALT at both 14 and 35 d (P < 0.05), AST at 14 d than 
that in NCK group. It suggested that feeding diet with the natural moldy 
cottonseed meal could result in a deleterious effect on Cherry Valley 
ducks, and addition of hydrated sodium calcium alumino silicate could 
more effectively ameliorate the negative effect of the moldy cottonseed 
meal than the yeast cell wall.

Key Words: duck, aflatoxin, binder, growth performance, immune 
indices

325P   Effects of dietary phosphorous supplementation on 
laying performance, egg quality and immunological parameters 
of laying hens challenged with Escherichia coli lipopolysaccha-
ride. W. Nie, Y. Guo*, and Z. Wang, China Agricultural University, 
Beijing, China.

The effects of dietary phosphorous supplementation on laying perfor-
mance, egg quality and immunological parameters in laying hens under 
acute conditions of lipopolysaccharide (LPS) challenge were investi-
gated. Three hundred laying hens at 28 wk were randomly divided into 
2 dietary treatments with 10 replicates of 15 birds. The wheat-soybean 
based diets contained either 1.2 g or 4.0 g nonphytate phosphorus per 
kg of diet. At 32 wk of age, half of the birds from each dietary treatment 
were injected intramuscularly with 1.5 mg/kg of BW of either LPS or 
saline once a day for continuous 5 d. Three hours after last injection, 
blood was collected and the hens were euthanized to obtain cecal 
tonsils. Compared with saline-injected hens, LPS-injected hens had 
higher rectal temperature at 3 h post challenge and lower feed intake 
and egg production (P < 0.05). Eggshell thickness, strength, albumin 
height and Haugh unit were significantly increased in LPS-injected 
hens compared with saline-injected hens (P < 0.05). Furthermore, 
laying hens challenged with LPS had higher relative weight of liver 
and spleen, lower villus height/crypt depth ratio than those received 
saline (P < 0.05). Serum calcium, phosphorus, total protein, albumin 
and superoxide dismutase (SOD) activities significantly decreased 
in the LPS-injected hens compared with the control (P < 0.05). LPS 
upregulated expression of IL-1β, IL-6 and IL-10 in cecum, and serum 
concentration of methane dicarboxylic aldehyde (MDA), IL-1β and IL-6 
(P < 0.05), whereas dietary nonphytate phosphorus supplementation at 
4.0 g/kg significantly increased (P < 0.05) villi height/crypt depth ratio, 
decreased (P < 0.05) serum MDA and IFN-γ concentration compared 
with the 1.2 g/kg nonphytate phosphorus group. Dietary non-phytate 
phosphorus addition at 4.0 g/kg could decrease immunological stress 
in laying hens injected with LPS.

Key Words: laying hen, nonphytate phosphorus, egg production, egg 
quality, immune stress
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326P   Effects of dietary nonphytate phosphorus level on 
intestinal immune response of laying hens upon oral Salmonella 
Typhimurium challenge. S. Bai1, Y. Huang2, Y. Luo1, L. Wang1, 
X. Ding1, J. Wang1, Q. Zeng1, and K. Zhang*1, 1Institute of Animal 
Nutrition, Feed Engineering Research Centre of Sichuan Province, 
Sichuan Agricultural University, Ya’an, Sichuan, China, 2College of 
Veterinary Medicine, Sichuan Agricultural University, Ya’an, Sich-
uan, China.

The experiment was conducted to investigate the effects of dietary 
nonphytate phosphorus (NPP) level on intestinal immune response of 
hens upon oral Salmonella challenge. A total of 72 hens (50-wk-old; 
free of Salmonella) were allotted to 3 dietary treatments with 24 chicks 
each. The hens were fed the diets containing 0.12%, 0.22%, or 0.42% 
NPP, and 3.48% calcium for 6 weeks, and then 12 birds per group 
were challenged or mock-challenged with Salmonella Typhimurium 
(1 mL, 5 × 107 cfu). The ileum and cecal tonsils were collected at 2 
and 7 d post-infection (dpi). The 0.12% NPP diet increased (P < 0.05) 
Salmonella counts in ileum of Salmonella challenged hens at 2 and 7 dpi 
when compared with 0.22% or 0.42% NPP diets. Salmonella challenge 
increased (P < 0.05) ileal CD4+ and CD8+ T-cells ratios at 2 and 7 dpi, 
and ileal CD8+ T-cells ratio increased (P < 0.05) with dietary NPP level 
increasing in Salmonella challenged or non-challenged hens. Salmonella 
challenge increased (P < 0.05) the mRNA expression of toll-like receptor 
(TLR)4, TLR5, interleukin (IL)-1β, IL-6, IL-8, and thymic-helper (Th)1 
cytokines [interferon γ (IFN-γ), IL-12 and IL-18] in the cecal tonsil 
of hens. The 0.12% NPP diet decreased (P < 0.05) TLR4, IL-6, IL-8, 
IFN-γ, IL-12, and IL-18 mRNA level in the cecal tonsils of Salmonella 
challenged hens, while decreased(P < 0.05) only IL-6, IFN-γ, and IL-18 
mRNA level in the cecal tonsils of non-challenged hens when compared 
with 0.22% or 0.42% NPP diet. There was no significant difference in the 
above Th1 cytokines mRNA expression in the cecal tonsil of Salmonella 
challenged or non-challenged hens between 0.22% and 0.42% NPP 
groups. These results suggested that 0.12% NPP diet had negative effect 
on and 0.42% NPP diet did not influence ileal Salmonella invasion and 
Th1 immune response in the cacel tonsils of hens upon oral infection 
with Salmonella Typhimurium when compared with 0.22% NPP diet.

Key Words: phosphorus, Salmonella, immune response, hen

327P   Inflammatory responses to Clostridium perfringens type 
A in primary intestinal cells of chicken embryos. S. S. Guo*, C. 
W. Li, D. Liu, and Y. M. Guo, China Agricultural University, Beijing, 
China.

The causative agent of necrotic enteritis is the gram-positive bacterium 
Clostridium perfringens. Its main cell wall component is peptidoglycan 
(PGN), which could be recognized by receptors on intestinal epithelial 
cells, Toll-like receptor (TLR) 2 and nucleotide-binding oligomerization 
domain (NOD). Consequently, nuclear factor kappa B (NF-κB) pathway 
is activated and innate immune responses are initiated. A study was con-
ducted to investigate the molecular mechanism of immune responses in 
primary chicken intestinal cells stimulated with C. perfringens type A. 
The cells were prepared from 17-d-old chicken embryos and stimulated 
with C. perfringens at multiplicity of infection of 100:1 for 1, 3, 6, and 
9 h (n = 3). Mock stimulation and positive control of commercially 
available PGN at 50 μg/mL were set as control groups (n = 3). The 
mRNA expression of inflammatory response genes and interleukin 
secretion were measured. A significance level of 0.05 was used. Both 
bacterial and PGN stimulations induced greater IL-8 and IL-6 mRNA 
expression than that in control at 1 h and 3 h post infection (p.i.). At 6 
h and 9 h p.i., C. perfringens but not PGN treatment increased IL-8 and 
IL-6 mRNA expression compared with control. The mRNA expression 

of iNOS in bacterial group was highest among treatments at various 
time points p.i.. At 6 h p.i., bacterial and PGN stimulations increased 
IL-8 secretion in supernatant of cell culture compared with control. No 
significant difference in TLR2 expression was observed among treat-
ments. At 1 h p.i., bacterial infection upregulated mRNA expression of 
NOD1 compared with control and PGN treatment. The level of NOD1 
expression in bacterial group was higher than that in control and lower 
than that in PGN treatment at 6 h p.i.. The PGN stimulation decreased 
NF-κB p65 mRNA expression compared with control at 1 h p.i.. Bacterial 
infection boosted NF-κB p65 mRNA expression in contrast to control 
and PGN treatment at 6 h and 9 h p.i.. In conclusion, C. perfringens 
infection caused intense innate immune responses in primary chicken 
intestinal cells, which might be partly mediated by NOD1 recognition 
and NF-κB pathway.

Key Words: innate immune response, chicken, intestinal cell, Clos-
tridium perfringens

328P   The development of poultry-specific, high-throughput, 
kinome peptide arrays. R. J. Arsenault*1, B. Trost2, and M. H. 
Kogut1, 1United States Department of Agriculture, College Station, 
TX, 2University of Saskatchewan, Saskatoon, SK, Canada.

While the use of high-throughput technology to study phosphorylation-
mediated signal transduction and the field of kinomics in general has 
seen a rapid expansion, these tools are often not available outside the 
study of human and mouse. For example, 2 of the most commonly used 
tools to study phosphorylation events are phospho-specific antibodies 
and peptide arrays. The majority of phospho-specific antibodies are 
generated for human and mouse targets, and the design of peptide arrays 
relies on information from phosphorylation databases which contain 
predominantly human and mouse data. Our group has developed a 
method using well curated species data to find orthologous phosphoryla-
tion target sites in a species of interest to design a species-specific tool 
for kinomic study. Two first-generation chicken-specific peptide arrays 
were designed, one focused on immunological functions and the other 
on metabolic functions. Subsequently a second generation, combined 
immuno-metabolic peptide array was designed incorporating signal-
ing peptides involved in both physiological functions. Two of these 
second generation arrays were designed, one chicken-specific and one 
turkey-specific. Of the 177,000 phosphorylation events used to query 
the poultry proteome approximately 43,000 were predicted in chicken. 
Only 10% of these 43,000 peptide sequences were identical between 
the database and the chicken proteome. This limited degree of conserva-
tion highlights the need to design chicken-specific proteomic tools for 
the study of this species, as it is quite distinct from the more common 
laboratory research species. In addition, turkey and chicken display 
significant proteome level differences, further emphasizing the need 
of species-specific designs. This effort has resulted in the production 
of a high-throughput, species-specific, kinomic tool for physiological 
research in poultry species.

Key Words: kinome, immunology, metabolism, phosphorylation, 
signaling

329P   Salmonella enterica serovar Enteritidis modulate 
intestinal cell signaling responses that activate T regulatory cell 
functions and mediates persistent infections in chickens. M. H. 
Kogut*1, R. Arsenault1, C. L. Swaggerty1, R. Shanmugasundaram2, 
and R. Selvaraj2, 1SPARC, USDA-ARS, College Station, TX, 2Ohio 
Agricultural Research Center, Ohio State University, Wooster, OH.
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Salmonella enterica induce an early pro- inflammatory response in 
chickens, but the response is short-lived, asymptomatic of clinical 
disease, and results in a persistent colonization of the cecum. The 
underlying mechanisms that control persistent colonization of chick-
ens by Salmonella are unknown. We hypothesize that a tolerogenic 
response is induced by alterations of host signaling pathways that 
mediate the influx and functional activation of T regulatory (Treg) 
cells. Using chicken-specific kinomic immune arrays, cell isolations, 
and T cell suppression bioassays of infected cecal tissue, we evaluated 
the development of immunological tolerance in chickens infected with 
Salmonella enterica serovar Enteritidis in a persistent infection model. 
The induction of a tolerogenic response in the cecum infected with S. 
Enteritidis began around 4 d post-infection. The response was induced by 
a series of phosphorylation-mediated changes in the ceca characterized 
by alterations in T cell signaling (dephosphorylation of phospholipase 
c-γ1 [PLCG1]) and mTOR signaling pathways (increased phosphoryla-
tion of AMP-activated protein kinase [AMPK]) and blockage of IFN-g 
protection through the disruption of the JAK-STAT signaling pathway 
(dephosphorylation of JAK2, JAK3, and STAT4). Further, the response 
is characterized by a reduction in pro-inflammatory cytokine mRNA 
expression (P < 0.05) and an increase in anti-inflammatory cytokine 
mRNA expression (P < 0.05). Last, we found an expansion of the Treg 
population and subsequent immunosuppressive functions at the site of 
the Salmonella infection. These studies define a mechanism by which 
Salmonella infection influences the host responsiveness resulting in 
the establishment of a persistent colonization of the avian cecum. The 
identified tissue protein kinases also represent potential targets for 
future antimicrobial compounds for decreasing Salmonella loads from 
the intestines of food animals.

Key Words: Salmonella, kinome analysis, regulatory T cells, signal-
ing pathways

330P   Differential profile of local inflammatory response after 
challenge with Brazilian field isolates of avian infectious bronchi-
tis virus. C. H. Okino, L. Brentano, M. A. Z. Mores, P. A. Esteves, 
and I. M. Trevisol*, Embrapa Swine and Poultry, Concordia, Santa 
Catarina, Brazil.

Avian infectious bronchitis virus (IBV) causes a worldwide economi-
cally important disease in poultry. IBV replicates primarily at the tracheal 
mucosae, though virus pathology at local sites of IBV replication remains 
poorly elucidated. The present experiment aimed to evaluate the gene 
expression of inflammatory mediators, and compare viral load and scores 
of lesions, in chickens challenged with 2 Brazilian IBV field isolates 
(F3736 and F3715) previously identified as variants by S1 analysis. 
Thirteen-day-old SPF chickens were housed in 3 isolators (G1, G2 and 
G3) with positive pressure. At 39 d of age, 3 chickens in G1 were mock 
infected with diluent media, while 5 chickens from G2 and G3 were 
infected with 105EID50/bird of F3736 and F3715 strains, respectively. 
At 5 d post-infection, birds were necropsied and tracheal samples col-
lected from each group; a portion was processed for histopathology and 
the remaining part submitted to RNA extraction. RNA was processed 
by RT-qPCR using SYBR Green I for relative quantification analysis 
of cytokines IL6, IL1β and T-bet (Th1 lineage transcription factor), and 
for absolute quantification of IBV S1 gene. Comparisons of the mean 
relative changes in gene expression were performed using the Mann 
Whitney test, probability level for significance was set as P < 0.05. Our 
results showed that in both groups (F3736/G2 and F3715/G3) there was 
a significant increase of histopathology scores and viral load, compared 
with negative control group (G1), though no significant differences were 
observed between the challenged groups. IL6 and IL1β mRNA, pro-

inflammatory cytokines precursors, were significantly upregulated only 
in the F3715 challenged group. TBET mRNA was upregulated in both 
challenged groups, with highest significant increase for F3715 group. 
Although similar profiles of tracheal viral load and scores of lesions 
were observed for both challenged groups, we found an exacerbated 
inflammatory response for F3715 group, indicating relevant differences 
in the pathology of the distinct IBV genotypes studied here.

Key Words: avian infectious bronchitis virus, IBV, RT-qPCR, 
inflammatory response, Brazilian isolates.

331P   Efficacy of commercial H120 strain vaccine against avian 
infectious bronchitis virus isolates from Brazil. I. M. Trevisol*, 
C. H. Okino, G. L. M. Mattos, F. R. F. Jaenisch, and P. A. Esteves, 
Embrapa Swine and Poultry, Concordia, Santa Catarina, Brazil.

Avian infectious bronchitis is a widespread economically important 
poultry disease difficult to control. One possibility is that available 
vaccines are not able to protect fully against some serotypes or geno-
types variants, once the causative infectious bronchitis virus (IBV) 
readily undergoes mutations during mixed infections, resulting in the 
emergence of new variants. In Brazil, only live-attenuated vaccines of 
the Massachusetts serotype are licensed, and full protection against IBV 
variants remains scarcely elucidated. This study aimed to determine 
efficacy of commercial H120 strain vaccine against viruses classified 
in genomic groups distinct from the vaccine strain. Among several IBV 
isolates recovered from breeders or broilers with respiratory signs and/or 
decrease in egg production, 4 viruses clustered as a group phylogeneti-
cally distinct form of Mass serotype were selected (F3137, F3738, F2771 
and F3561). SPF birds were divided into 9 groups with 13 birds each 
and maintained in isolators with positive pressure: G1) non-vaccinated 
and non-challenged; G2 to G5 were only challenged with selected 
isolates; G6 to G9 were vaccinated and challenged 4 weeks after. Five 
days post-challenge, all birds were euthanized and tracheas removed 
for evaluation of ciliary movement. The scores used were: 0) all cilia 
vigorously beating; 1) all cilia slowly beating; 2) some cilia very slowly 
beating; 3) no cilia beating. All birds with median ciliary scores ≤1 were 
classified as protected and scores ≥2 unprotected. The live vaccine is 
suitable for use if at least 90% of the challenged and vaccinated birds 
show no evidence of IBV in their trachea, while 90% or more of the 
control birds should have evidence of the presence of the virus. Efficacy 
of challenge was confirmed for all challenged controls groups (G2 to 
G5), as 100% of birds presented ciliary activity score 3. On the other 
hand, all vaccinated groups were classified as protected, with median 
ciliary scores ≤1. Finally, according to the criteria here applied, H120 
vaccine was able to induce cross-protection against 4 avian infectious 
bronchitis virus isolated from Brazil.

Key Words: avian infectious bronchitis, Brazilian isolates, Massa-
chusetts vaccine

332P   Supplemental organic zinc in broiler breeder diet 
enhances immunity in progeny. C. W. Li*1,2, Y. M. Guo1,2, J. 
Gao1,2, S. S. Guo1,2, and E. C. Du1,2, 1China Agricultural University, 
Beijing, China, 2State Key Laboratory of Animal Nutrition, Beijing, 
China.

To investigate the effects of high maternal zinc nutrition status on 
immunity in offspring chicks, 1,200 Ross 308 broiler breeders (45-wk-
old) were allocated randomly into 5 groups fed basal diets (containing 
26.80~33.52 mg/kg zinc) supplemented with 0, 50, and 300 mg/kg zinc 
in either organic (methionine hydroxy analog chelated zinc, MHA-Zinc) 
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or inorganic (zinc sulfate) form. After 6 wk, fertilized eggs were col-
lected and incubated. Newly hatched chicks were divided into 2 groups 
fed diets containing low level (50 mg/kg) or normal level (100 mg/kg) 
of inorganic zinc, respectively. Maternal zinc deficiency significantly 
reduced maternal antibody (IgY and IgA) contents in yolk and serum of 
chicks, and resulted in adverse immune response to Newcastle Disease 
virus (NDV) and infectious bursal disease virus (IBD) in offspring at 
14-d-old (P < 0.05). Adequate or excess zinc supplementation in hens 
increased maternal non-specific (IgY and IgA) and specific (anti-NDV 
and anti-IBD) antibody production. Offspring from hens received extra 

300 mg/kg organic zinc in breeder basal diets had a more beneficial 
effect on progeny immunity compared with that from hens supplemented 
with extra 50 or 300 mg/kg inorganic zinc (P < 0.05). Offspring chicks 
supplemented by normal zinc had improved immunity (P < 0.05). Col-
lectively, supplemental MHA-zinc 300 mg per kg of broiler breeder diet 
is shown to have significant long-term beneficial effects on humoral 
immunity regardless of zinc states of offspring.

Key Words: organic zinc, maternal antibody, IgY, broiler breeder
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333P   Do we properly formulate pelleted rations for broiler 
chickens? F. C. Tavernari*1, G. J. M. M. Lima1, V. R. S. M. Barros2, 
R. C. Maia2, and L. F. T. Albino2, 1Embrapa Swine and Poultry, Con-
cordia, Santa Catarina, Brazil, 2Federal University of Viçosa, Viçosa, 
Minas Gerais, Brazil.

Most diets for broilers are pelleted in Brazil. However, knowledge about 
feed ingredients and nutritional requirements are still obtained using 
mash diets. Therefore, the objective of this research was to evaluate 
amino acid digestibility and apparent metabolizable energy (AME) of 
a diet, both mash and pelleted, for male broilers (COBB-500) in the 
initial (8 to 21 d) and finishing (22 to 42 d) phases. In the first trial, AME 
determination was performed by total excreta collection (12 to 16 and 30 
to 34 d of age) with 2 treatments (mash or pelleted diets, based on corn 
and soybean meal) and 30 6 replicates with 10 birds per treatment. In 
the second trial, amino acid apparent digestibility coefficients (AADC) 
were determined after slaughtering and ileal digesta collection on d 14 
and 32, in 6 replicates of 4 birds per treatment each time. Both trials 
were in RCB design and F test was used. In the initial phase, pelleted 
diet AME was higher (P < 0.01) on dry matter basis (DM) than mash 
diet AME (3,384 and 3,352 kcal/kg), but there were no differences (P 
> 0.05) in the finishing phase (3,515 and 3,513 kcal/kg). Pelleted diet 
AME were lower (P < 0.01) than mash diets in as-fed basis in both 
phases. This can be explained by the decrease in DM with the use of 
steamed heat during pelleting. Higher (P < 0.05) AADC were observed 
for all amino acids evaluated, except cystine and tyrosine, in pelleted 
rations in the initial phase, either in DM or as-fed basis. On the other 
hand, there were no differences (P > 0.05) in AADC between the 2 diet 
forms, both in DM and as-fed basis during the second phase, except for 
tyrosine. Differences between phases may be partially explained by the 
development of the gastrointestinal tract with age. Therefore, pelleted 
diets show better AADC and AME for young broilers and it is neces-
sary to correct nutritional values during feed formulation when feeds 
are pelleted, especially due to differences between DM and as-fed basis.

Key Words: pellet, mash, broiler, amino acid, metabolizable energy

334P   Assessment of metabolizable energy and amino acid 
digestibility of cottonseed meal on Lohmann hens by NIRS. M. 
D. Hui1, G. Jia*1,2, K. Y. Zhang1, X. M. Ding1, A. Sarsour2, and E. O. 
Oviedo-Rondón2, 1Animal Nutrition Institute of Sichuan Agricultural 
University, Sichuan, Ya’an, China, 2North Carolina State University, 
Raleigh, NC.

Near-infrared spectroscopy (NIRS) can minimize cost and reduce time 
to estimate nutrient values. One experiment was conducted using laying 
hens to determine ME and total-tract apparent amino acid digestibility 
(TAAAD) of 30 different sources of cotton meals (CSM). Additionally, 
the NIRS calibrations were established to predict ME and TAAAD of 
CSM for layer feeds. The experiment was conducted using the substi-
tution method and total excreta collection. A completely randomized 
design was used with a total of 248 Lohmann laying hens (40 wk old) 
with initial BW of 1.71 ± 0.12 kg. Hens were divided into 31 treatments 
with 8 replicates each. Hens were housed individually in metabolic 
cages. The control diet consisted of a corn-soybean meal diet and the 
30 test diets were supplemented with 30 different CSM sources at a 
concentration of 200 g/kg. After 7 d of dietary adaption, excreta was 
collected 3 times a day and lasted for 4 d, freeze-dried, and analyzed for 

dry matter (DM), nitrogen, gross energy, and amino acids. The ME and 
TAAAD were calculated using the general procedure and a predictive 
model was built using NIRS readings. Results of the experiment showed 
no significant effects of treatments on laying rate (89.30 ± 0.06%) and 
egg quality. The average ME of the 30 sources of CSM was 3,129 ± 459 
kcal/kg DM, ranging from 2,290 kcal/kg to 3,562 kcal/kg. The TAAAD 
was 92 ± 2%, ranging from 86.2% to 94.7%. The prediction equations 
estimated to calibrate NIRS for ME and TAAAD had R2 of 0.98, 0.95, 
and 0.91 for AME, CP and TAAAD, respectively. The R2 for essential 
TAAAD such as threonine, isoleucine, leucine, phenylalanine, histidine, 
and arginine were 0.96, 0.98, 0.99, 0.99, 0.99 and 0.98, respectively. 
The R2 of the models for lysine and total sulfur amino acids were lower 
than 0.50 and not used for predictions. The ME and TAAAD of the 30 
sources of CSM for laying hens were significantly different. NIRS can 
be used to establish accurate prediction models to rapidly estimate ME 
and TAAAD of CSM from different sources to be used in layer diets.

Key Words: cottonseed meal, laying hens, ME, amino acid digest-
ibility, NIRS

335P   Improved prediction of amino acids digestibility and 
metabolizable energy content in soybean meal and full-fat soy-
bean for broilers. S. F. Castro1, A. G. Bertechini*1, L. V. Teixeira1, 
H. Mazzuco2, and B. G. Amorin1, 1Universidade Federal de Lavras, 
Lavras, MG, Brazil, 2EMBRAPA, Concordia, SC, Brazil.

This study evaluated if a modification method for energy and AA 
digestibility analysis can predict more accurately apparent metaboliz-
able energy (AME), nitrogen-corrected apparent metabolizable energy 
(AMEn), apparent ileal digestible energy (AIDE) and apparent ileal AA 
digestibility (AIAAD) for all AA values of soybean meal and full-fat 
soybean (toasted and ground) for broilers. Two experiments run with a 
total 256 birds each, being 160 birds with 14 to 21d of age, and 96 birds 
with 35 to 42d of age, testing the ingredients. The test ingredients were 
measured by total excreta and ileal digesta collection and replaced in 
30% a corn-soybean meal basal diet including nutritional adjustments 
to energy, Ca, P, Na, vitamins and microminerals of soybean meal diet 
and, to Ca, P, Na, dl-Met (99%), vitamins and microminerals of full-fat 
soybean diet. Celite marker was used for ileal digestibility. Birds were 
randomly allocated in a 2 × 2 factorial scheme (age vs. method), 8 rep-
licates and 5 or 3 birds/replicate. No significant differences (P > 0.05) 
were found on age by method interaction. Higher values (P < 0.05) were 
observed for evaluations with 42 d of age. Using nutritional adjustments 
(method), increments (P < 0.05) in the following variables were observed 
at 21 d: AME (2,383 vs. 2,301 kcal/kg), AMEn (2,294 vs. 2,244 kcal/kg), 
AIDE (3,043 vs. 2,934 kcal/kg), AIAAD (85.93 v 83.44%) for soybean 
meal, and AME (3,462 vs. 3,371 kcal/kg); AMEn (3,323 vs. 3,236 kcal/
kg); AIAAD (89.35 vs. 86.36%) for full-fat soybean, and for 42d: AME 
(2,378 vs. 2,306 kcal/kg), AMEn (2,306 vs. 2,232 kcal/kg), AIDE (3,079 
vs. 2,935 kcal/kg) and AIAAD (86.00 vs. 83.37%) of soybean meal 
and for full-fat soybean, AME (3,481 vs. 3,376 kcal/kg), AMEn (3,306 
vs. 3,251 kcal/kg), AIDE (4,069 vs. 3,868 kcal/kg) and AIAAD (88.66 
vs. 87.05%). The nutritional adjustments during the measurement of 
energy and AA digestibility provide more suitable values to be applied 
in practical formulation diets for the broilers industry.

Key Words: ileal digestibility, AMEn, practical formulation
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336P   Improving turkey poult performance through amino 
acid density. S. L. Noll, A. J. Calvert*, A. Copeland, and J. Brannon, 
University of Minnesota, Saint Paul, MN.

The presented work is the result of further exploration of “Light Turkey 
Syndrome” (LTS) from a nutrition standpoint. Observations from field 
trials indicated that heavier poults appeared to have a faster maturing 
and healthier immune system. Access to food and appropriate nutrition 
are critical to the development of gut for digestion and immunity. The 
objectives were to determine the influence of Threonine (Thr) and amino 
acid density on performance of male poults originating from early (E) 
and late (L) lay breeders. The design of each study (CRD with 6 replicate 
pens per treatment combination) was similar with 2 formulation periods 
(0–2 and 2–6 wk) followed by rearing the turkeys (Nicholas, Large 
White) in a group setting and fed commercial diets after 6 wk of age 
to market. BW was taken at the end of each period and at 18 wks. The 
gastrointestinal tract was weighed and length measured to assess growth; 
jejunal sections were taken for histology. Performance was analyzed 
using ANOVA. In experiment 1, different ratios of Thr to Lysine (Lys) 
(digestible, d) were used to formulate corn-soy based diets with a range 
in ratio of 54 to 66% using supplemental Thr. In experiment 2, 4 diets 
with different amino acid densities were formulated using the ratio of 
dThr to dLys of 58%. Diets were formulated on an ideal amino acid 
basis with dThr ranging from NRC (1994) and increasing to Nicholas 
recommendations (L1, L2, L3, L4). In experiment 1, no interaction of 
Thr and poult source was detected. BW was affected by the ratio (P < 
0.0001) to 2 wk of age with no carry over effect at 18 wk of age. The 
optimal ratio of dThr to dLys was 58%. Poults from E had lowered BW at 
placement and 18 wk (P < 0.0001). In Experiment 2, amino acid density 
affected BW to 6 wk of age and then to 18 wk (P < 0.001). Intestinal 
weight and length responded in a non-linear manner. BW at 2 wk was 
maximum for E poults fed L2 and L poults fed L3 diet. At 6 wk, E and 
L poults responded with maximum BW when fed L3. Poults from E 
had lowered BW at placement but BW at 6 and 18 wk was not different 
from L poults. Starting diet amino acid density played the largest role 
in terms of early nutrition affecting market tom BW.

Key Words: turkey, threonine, early nutrition, breeder

337P   Estimates of essential amino acid profile for maintenance 
of poultry using the deletion method. J. C. P. Dorigam*, N. K. 
Sakomura, M. B. Lima, M. F. Sarcinelli, and R. M. Suzuki, Universi-
dade Estadual Paulista, Faculdade de Ciências Agrárias e Veter-
inárias, Jaboticabal, São Paulo, Brazil.

Implementation of the factorial method depends on the determination 
of the coefficients that express the requirements for maintenance of 
dietary amino acids obtained from nitrogen balance studies. Thus, this 
study aimed to estimate the essential amino acid profile for maintenance 
of poultry using the deletion method. A nitrogen balance trial was 
conducted using 138 Cobb roosters, housed individually in metabolic 
cages. The treatments were 23 purified diets being 11 diets providing a 
high protein intake of 500 mg N/kg0.75/d and 11 diets providing a low 
protein intake of 250 mg N/kg0.75/d, in each one amino acid was made 
specifically deficient (50% of amino acid requirements from Leveille 
studies) and a protein-free diet was also provided. Each treatment had 
6 replicates. After 48 h of fasting, the roosters were fed 40 g of the 
diets by forced feeding once a day for 3 d. The excreta were collected 
within 72 h after the first feeding. The diets and excreta were analyzed 
for nitrogen content. For each amino acid studied a linear regressions 
was fitted by nitrogen balance (nitrogen intake - excretion) and amino 
acid intake. The maintenance requirements were estimated as the 
amino acid intake to maintain the nitrogen balance equal to zero. The 

daily amino acid requirements for maintenance were estimated to be 
(mg/kg0.75): Lys 10, Met 39, Thr 27, Trp 7, Arg 50, Val 26, His 3, Gly 
37, Phe 31, Leu 53 and Ile 29. However, because amino acid require-
ments for maintenance are more closely related to body protein (BP) 
content (estimated in the present study to be 160 g/kg) the scale mg/
BP0.73/d (which accounts for metabolic protein weight) was preferred 
for expressing maintenance requirements because there is no demand 
of amino acids for maintenance of lipid reserves. Therefore, the daily 
amino acid requirements were concluded to be Lys 38, Met 140, Thr 
98, Trp 27, Arg 181, Val 95, His 12, Gly 134, Phe 111, Leu 193 and Ile 
107. The methodology used in this study provides a more considered 
theoretical and methodological basis for measuring essential amino acid 
profile for maintenance of poultry.

Key Words: amino acid, maintenance, nitrogen balance, purified 
diet, rooster

338P   Different concentrations of essential amino acids while 
maintaining the ideal amino acid profile for broilers chicks. A. S. 
Melo, J. H. Vilar-Da Silva*, G. M. D. Lopes, J. L. S. Almeida, and V. 
D. S. Gomes, Department of Animal Science, Federal University of 
Paraiba, Areia, PB, Brazil.

An experiment was conducted to evaluate the concentrations of essential 
amino acids maintaining the ideal profile in diets for broilers of 8 to 21 d 
old. Three hundred sixty male chickens were distributed in a completely 
randomized design with 6 replicates of 20 birds. The diets were formu-
lated to contain high (HAA), low (LAA) and normal (NAA) essential 
and digestible amino acids (Met+Cys, Lys, Thr, Trp and Val) maintaining 
the ideal profile suggested by Rostagno et al. (2011). The NAA diet sup-
ported 100%, while HAA and LAA diets supported, respectively, 10% 
above and below of the essential amino acids requirements of chickens. 
All diets were isonitrogenous and isoenergetic and increase or decrease 
of essential amino acids concentrations was performed by adjustment 
in corn, soybean meal, meat and bone meal and corn gluten in the diets. 
The resultant weight gain (WG), feed intake (FI) and feed conversion 
(FC) were analyzed through ANOVA and means were compared by 
Tukey test (P ≤ 0.05). Chickens fed the LAA diet had higher FI (P ≤ 
0.05) than those fed the NAA diet and similar to those fed the HAA 
diet. The chickens fed the LAA diet had lower WG (P ≤ 0.05) compared 
those birds fed the HAA diet. The HAA and NAA diets improved FC 
of chickens compared with the LAA diet (P ≤ 0.05). Early performance 
of chicks depends on Met+Cys, Lys, Thr, Trp and Val concentration in 
diet where the requirements need to be met for proper chicken growth.

Key Words: broiler, ideal amino acid profile, essential amino acids, 
performance

339P   Effects of different levels of total sulfur amino acid 
(TSAA) on performance parameters in broiler chicken fed 
antibiotics free diets. P. A. Adhikari* and W. K. Kim, University of 
Georgia, Athens, GA.

A study was performed to evaluate effects of different levels of TSAA 
on body weight gain (BWG), feed intake (FI), and feed conversion 
ratio (FCR) in broiler chicks fed an antibiotic-free diet compared with 
a normal corn/soybean meal diet containing antibiotics growth promot-
ers for 21 d. A total of 250-d-old Cobb broiler chicks were randomly 
distributed to 10 dietary treatments to give 5 replications/treatment and 
distributed as 5 birds/pen. The dietary treatments consisted of a 2 × 5 
factorial arrangement of treatments with 2 levels of antibiotics (0 and 
0.05%) and 5 levels of TSAA (0.7, 0.8, 0.9, 1.0 and 1.1%). The basal 
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diet was formulated from corn-soybean meal and contained 23% CP and 
3,200 kcal/kg of ME. All other essential AA was formulated to meet or 
exceed minimum AA requirement suggested by NRC (1994) except for 
methionine (Met) and TSAA. Different levels of TSAA were adjusted 
by adding DL-Met to the basal diet. Weekly BWG, FI and FCR were 
recorded. TSAA levels affected FI per bird only in wk 2 (P < 0.05). 
There was an effect of TSAA levels on BWG per bird in wk 1 (P < 
0.01) and 2 (P < 0.0001) and in overall (P < 0.01). Also, an interaction 
effect of TSAA and antibiotics was observed for the BW in wk 2 (P < 
0.05). FCR was affected by both TSAA level and antibiotics in wk 1 (P 
< 0.01), but there was only influence of TSAA level in wk 2 (P < 0.01) 
and in overall (P < 0.05). Overall FCR was lower (1.35 to 1.36) in birds 
fed with TSAA levels of 0.8, 0.9 and 1.0, and no overall effect on FCR 
was observed by adding antibiotics in diets. In conclusion, inclusion of 
TSAA showed a linear response from the lowest to the optimal level, 
but higher than the optimal level decreased the growth performance in 
both antibiotics-free and antibiotics diets. Also, addition of antibiotics 
showed a significant effect on FCR in the earlier growth period but did 
not show significant effects on overall performance parameters.

Key Words: antibiotic, broiler, total sulfur AA

340P   Digestible lysine and methionine + cystine levels on 
carcass yield and morphology of pectoral muscle of broilers at 22 
to 42 days old C. H. F. Domingues*1, K. F. Duarte1, E. T. Santos1, T. 
C.O. Quadros1, D. M. C. Castiblanco1, S. Sgavioli1, T. G. Petrolli1, 
J. Roccon1, H. S. Nogueira1, and O. M. Junqueira2, 1Universidade 
Estadual Paulista Julio de Mesquita Filho, São Paulo, Brazil, 2Uni-
versidade Federal de Goiás, Goiás, Brazil.

The aim of this study was evaluate different levels of digestible lysine 
and methionine + cystine on carcass yield and morphology of pectoral 
muscle of broilers at 42 d of age. A total of 3,200 one-day-old male 
Cobb x Cobb 500 chicks were used, distributed in a completely random-
ized design in a factorial arrangement 2 × 5 (2 digestible lysine levels, 
1.100 and 1.210%, × 5 digestible methionine + cystine levels: 0.724, 
0.764, 0.804, 0.844 and 0.886%) and 8 replicates of 40 birds each. At 
42 d of age, 480 birds were culled by cervical dislocation to evaluate 
parameters of carcass yield, breast yield, breast fillet yield, thigh and 
drumstick yield, wings and back. Calculations of carcass yield were 
based on live body weight and carcass weight. Live BW was deter-
mined individually on platform before slaughter and carcass weight by 
weighing the eviscerated fowl, without neck, legs and abdominal fat. 
Length, width, and thickness of the breast fillet were measured for the 
assessment of pectoral muscle morphology. The data were analyzed by 
the PROC GLM procedure of SAS (2002) and in case of significance 
linear regressions were performed. It was observed effect (P < 0.05) for 
the different digestible lysine levels for the variables of carcass yield 
studied. These results suggest that the digestible lysine level of 1.100% 
provided greater carcass yield (avg. 74.69%) and breast yield (avg. 
39.78%) for 21 d old birds. Thigh and drumstick yield (avg. 29.21%) 
shower better results when the birds were fed with diets containing 
1.210% of digestible lysine. For the pectoral muscle parameters there 
was no effect (P > 0.05) observed for the different digestible lysine 
and methionine + cystine levels studied. Therefore it is recommended 
to use digestible methionine + cystine levels of 0.724% to a lower cost 
of production for broilers at 22 to 42 d old.

Key Words: digestible amino acids, breast, fillet, length

341P   Determination of digestible methionine + cystine require-
ments in pullets through on histophysiological parameters: 1 to 
6 weeks of age. F. G. P. Costa*1, J. P. F. Junior1, P. A. Geraert2, Y. 
Mercier2, M. L. Ceccantini3, M. H. M. Santana1, S. B. Neto1, and R. 
R. Guerra1, 1Federal University of Paraiba, Areia, Paraiba, Brazil, 
2Adisseo France SAS, Antony, France, 3Adisseo South America, São 
Paulo, SP, Brazil.

The aim of this study was to determine the digestible total sulfur amino 
acid (TSAA) requirement of light pullets from 1 to 6 wk of age by their 
effect on the histophysiological parameters. A total of 1,080 birds were 
distributed in a completely randomized block design with 6 treatments 
and 6 replicates of 30 birds each. Dietary treatments included one posi-
tive control diet formulated to meet the NRC (1994) recommendation 
for digestible TSAA, and 5 other diets formulated with 80, 90, 100, 
110, and 120% of the digestible TSAA requirement level suggested by 
the Brazilian Tables for Poultry and Swine. Measurement of the organs 
(liver and spleen), histopathological examination of the liver, intestine, 
magnum, uterus and kidney and serological analysis (serum albumin, 
creatinine, protein, alanine aminotransferase (ALT), aspartate amino-
transferase (AST) and gamma-glutamyltransferase (GGT) were assessed 
during experimentation. The histological studies revealed that high Met 
+ Cys supplementation (110 and 120% groups) increased glycogen stor-
age in the liver (hepatic way of energy storage). Those treatments also 
showed an increased serum protein content and higher spleen weight. 
Conversely, increase in methionine supplementation does not induce 
hepatic damage because the hepatic enzymes (AST, ALT) were not 
affected even at higher levels and GGT was even decreased with 120% 
of methionine plus cystine supplementation. The serum creatinine level 
in the different treatments demonstrated lack of renal lesions. Digestible 
methionine plus cystine requirement was thus estimated at 0.702% for 
light pullets in the period from 1 to 6 weeks of age.

Key Words: sulfur amino acids, reproductive system, tract digestive, 
laying hens, nutritional requirements

342P   Determination of dietary methionine + cystine require-
ments in pullets through on histophysiological parameters: 7 
to 12 weeks of age. F. G. P. Costa*1, J. P. F. Junior1, P. A. Geraert2, 
Y. Mercier2, M. L. Ceccantini3, M. H. M. Santana1, A. C. L. Luna1, 
and R. R. Guerra1, 1Federal University of Paraiba, Areia, Paraiba, 
Brazil, 2Adisseo France SAS, Antony, France, 3Adisseo South 
America, São Paulo, SP, Brazil.

The aim of this study was to determine the digestible total sulfur amino 
acid (TSAA) requirement of light pullets from 7 to 12 wk of age by their 
effect on the histophysiological parameters. A total of 540 birds were 
distributed in a completely randomized block design with 6 treatments 
and 6 replicates of 15 birds each. Dietary treatments included one posi-
tive control diet formulated to meet the NRC (1994) recommendation 
for digestible TSAA, and 5 other diets formulated with 80, 90, 100, 110, 
and 120% of the digestible TSAA suggested by the Brazilian Tables for 
Poultry and Swine. Measurement of the live weight, weight without 
viscera and organs (liver and spleen), histopathological examination of 
the liver, intestine, magnum, uterus and kidney and serological analysis 
(serum albumin, creatinine, protein, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and gamma-glutamyltransferase 
(GGT)) were assessed during experimentation. Animals receiving the 
higher methionine supplementation tends to have lighter body weight, 
heavier liver as well as larger spleen. In addition, the weight without 
viscera tended to be greater with the methionine supplementation. There 
was an increase of goblet cells number (mucus producer) and produc-
tion in the epithelium of intestinal villi with the increase of methionine 
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supplementation, mainly in the 110 and 120% groups. The higher 
methionine level treatment led to increase serum albumin content and 
tend to increase serum protein content. GGT level was the lowest with 
100% methionine supplementation. Digestible methionine+cystine 
requirement was estimated at 0.547% for light pullets in the period 
from 7 to 12 weeks of age.

Key Words: essential amino acids, high performance, immune 
system, layer, reproductive development

343P   Determination of digestible methionine + cystine require-
ments in layers through histophysiological parameters: 13 to 
18 weeks of age. F. G. P. Costa*1, J. P. F. Junior1, P. A. Geraert2, Y. 
Mercier2, M. L. Ceccantini3, M. H. M. Santana1, P. M. Souza1, S. B. 
S. Neto1, and R. R. Guerra1, 1Federal University of Paraiba, Areia, 
Paraiba, Brazil, 2Adisseo France SAS, Antony, France, 3Adisseo 
South America, São Paulo, SP, Brazil.

The aim of this study was to determination the digestible total Sulfur 
Amino Acid (TSAA) requirement of light pullets from 13 to 18 wk 
of age by their effect on the histophysiological parameters. A total of 
480 birds were distributed in a completely randomized block design 
with 6 treatments and 10 replicates of 8 birds each. Dietary treatments 
included one positive control diet formulated to meet the NRC (1994) 
recommendation for digestible TSAA, and 5 other diets formulated 
with 80, 90, 100, 110, and 120% of the digestible TSAA suggested by 
the Brazilian Tables for Poultry and Swine. Measurement of the live 
weight, weight without viscera and organs (liver and spleen), histopatho-
logical examination of the liver, intestine, magnum, uterus and kidney 
and serological analysis (seric albumin, creatinine, protein, alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) and gamma-
glutamyltransferase (GGT)) were assessed during experimentation. 
Livers from hens fed 100 and 110% digestible TSAA levels tended to 
be lighter with better zootechnical index and with less mucus produced. 
The positive control tended to show higher celomatic fat accumulation 
when compared with the other groups with methionine supplementation. 
Spleen weight was not affected beyond 90% TSSA supplementation. The 
increase of methionine supplementation increased plasmatic creatinine 
concentration with the highest level obtained at 110% M+C. Higher 
dietary methionine (100 and 110%) also tended to increase ALT and 
AST whereas, both parameters decreased with 120% TSAA dose. The 
total serum protein and albumin analyses increased with the increas-
ing doses of methionine comparatively to positive control. Albumin of 
glands present in the magnum of pullets fed with diets containing 110 
and 120% of methionine showed better formation and development. 
Digestible methionine plus cystine requirement was thus estimated at 
0.436% for light pullets in the period from 13 to 18 wk of age.

Key Words: Dekalb White, histology, immunity, limiting amino 
acids, and poultry

344P   Determination of dietary methionine + cystine require-
ments in layers through histophysiology parameters: 34 to 50 
weeks of age. F. G. P. Costa*1, M. H. M. Santana1, J. P. F. Junior1, P. 
A. Geraert2, Y. Mercier2, M. L. Ceccantini3, G. B. V. Lobato1, and R. 
R. Guerra1, 1Federal University of Paraiba, Areia, Paraiba, Brazil, 
2Adisseo France SAS, Antony, France, 3Adisseo South America, São 
Paulo, SP, Brazil.

The objective of this study was to determine the digestible total Sulfur 
Amino Acid requirement of layers from 34 to 50 wk of age by their effect 
on histophysiological parameters. A total of 336 birds were distributed 

in a completely randomized design and divided in 6 treatments with 14 
replicates and 4 animals per replicate: control treatment (0.730% of the 
total Met + Cys; NRC, 1994) and 5 variations in the levels of digest-
ible Met + Cys, with recommendations of Brazilian Tables for Poultry 
and Swine (80, 90, 100, 110, and 120%), corresponding to levels of 
0.536, 0.603, 0.670, 0.737, and 0.804% of digestible Met + Cys. The 
histophysiology of liver, small intestine, uterus and magnum, in addition 
to weight of the animals without viscera, spleen, liver and celomatic 
fat were evaluated. There was accumulation of cytoplasmic vacuoles 
in liver cells of birds fed the control diet and the diet with 120% of 
the requirements of digestible Met + Cys, demonstrating evidence of 
hepatic steatosis and greater accumulation of glycogen in the liver. The 
animals fed the lower levels of Met + Cys (80 and 90%) presented the 
lower intestinal villi width, and a reduction in the number of secreting 
cells of albumen and lower width of uterine fold compared with ani-
mals receiving the control treatment and levels of 100, 110 and 120% 
of digestible Met + Cys. Increasing levels of Met + Cys were not able 
to change the weight of the organs in the study. The level of 0.730% of 
digestible methionine+cystine for light laying hens from 34 to 50 wk 
of age is thus recommended.

Key Words: ideal protein, immune system, nutritional requirements, 
reproductive development, and sulfur amino acids

345P   Effect of dietary methionine + cysteine and threonine on 
nitrogen excretion by broilers. D. C. Z. Donato*1, N. K. Sakomura1, 
A. R. Troni1, E. P. Silva1, L. Vargas1, and B. Meda2, 1Universidade 
Estadual Paulista-Faculdade de Ciências Agrárias e Veterinárias, 
Jaboticabal, São Paulo, Brazil, 2INRA UR083, Poultry Research 
Unit, Unité de Recherches Avicoles., Nouzilly, France.

The intensification and regional conglomeration of livestock have signif-
icantly increased the emission of pollutants to the environment, leading 
to a growing interest for seeking alternatives that minimize these emis-
sions. This study investigated the effect of dietary methionine+cysteine 
(MC) and threonine (THR) on nitrogen excretion (NE) and nitrogen 
deposition (ND) by broilers during initial (1–14d), grower (15–28d) 
and finisher (29–42d) phases. 1,120 broilers were used to compose the 
14 treatments distributed in a completely random design for each trial, 
according to a 7 × 2 factorial (7 levels of MC or THR and 2 sexes), with 
4 replicates. The experimental diets were formulated using the dilution 
technique with amino acids on a digestible basis. The range of the studied 
amino acid contents in the diets were: MC 3.05 to 10.88 (initial); 2.72 
to 9.79 (grower), and 2.50 to 9.03 g/kg (finisher) and THR 1.49 to 9.96 
(initial); 1.30 to 8.86 (grower), and 1.20 to 8.17 g/kg (finisher). ND (g/
bird d) was determined using the comparative slaughter technique, and 
NE (g/bird d) was calculated as the difference between the nitrogen 
intake and ND. To estimate the rate of NE, an exponential regression 
model was fitted to NE data in function of amino acid intake for each 
studied phase and sex. To determine the maximum ND (g/bird d), and 
the amino acid intake for maximum ND, in each phase and for each 
sex, was fitted a linear response plateau model. The amino acid intakes 
estimated for maximum ND for female and male broilers were: MC 239 
and 233; 486 and 512; 728 and 960 mg/bird d, and for THR 174 and 
213; 533 and 598; 735 and 1010 mg/bird d, to initial, grower and finisher 
phases. Using the exponential regressions, it was observed, in average, 
that for a reduction in intake of each mg of MC or THR exceeding those 
for maximum ND, there is a reduction in 0.5% of NE. Although this 
reduction seems low, when considered that it corresponds to changes 
in one amino acid only, the effect on a large scale would be significant.

Key Words: amino acid, environmental pollution, nutrition, perfor-
mance, poultry
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346P   Effect of dl-methionine supplementation on performance 
and carcass yield of broilers of 8 to 21 days of age. G. M. D. 
Lopes, J. H. Vilar-Da Silva*, A. N. Silva, S. B. Fonseca, G. Sanchez, 
J. Jordão Filho, and P. E. N. Givisiez, Department of Animal Science, 
Federal University of Paraiba, Areia, PB, Brazil.

Methionine is the first limiting amino acid in broiler diets and its require-
ment should be continuously assessed due to the genetic improvement of 
birds. The trial was carried out to determine the requirement of digestible 
methionine for broiler chickens at 8 to 21 d of age based on its effect 
on performance and carcass traits. A total of 630 males Cobb broilers 
were distributed in a completely randomized design into 7 treatments 
(digestible methionine levels), 5 replicates of 18 birds. Six dl-methionine 
supplementation levels (0.0; 0.06; 0.12; 0.18; 0.24; 0.30 and 0.36%) were 
added to methionine-deficient basal diets to originate the 7 treatments 
(0.279; 0.339; 0.399; 0.459; 0.519; 0.579 and 0.639%). Synthetic dl-
methionine replaced glutamic acid and diets were isonitrogenous (21.2% 
CP) and isoenergetic (3,050 kcal ME). The cystine requirement was 
maintained with l-cystine supplementation, enabling the determination 
of only the digestible methionine requirement. Estimates of digestible 
methionine requirements of broilers at 8 to 21 d were established by 
quadratic regressions after ANOVA (P < 0.05). The levels of digestible 
methionine had no effect (P > 0.05) on feed intake, thighs and drum-
sticks yield by regression quadratic analysis. Daily gain, feed conver-
sion, carcass and breast yield were improved quadratically (P < 0.05) 
by increasing the levels of digestible methionine in diets, with better 
responses respectively to 0.499, 0.469, 0.494 and 0.498% of digestible 
methionine. The chicken requirement of digestible methionine at 8 to 21 
d of age for better breast yield (0.498%) is 6% higher than requirement 
of digestible methionine for better feed conversion (0.469%).

Key Words: breast yield, nutritional requirements, performance, 
sulfur amino acids

347P   Relative bioefficacy of methionine hydroxy-analog com-
pared with dl-methionine for Japanese quail (Coturnix coturnix 
japonica). P. B. Lacerda, J. H. Vilar-Da Silva*, A. N. Silva, J. M. F. 
Brito, and J. Jordão Filho, Department of Animal Science, Federal 
University of Paraiba, Areia, PB, Brazil.

One trial was carried out to estimate the relative bioefficacy (RB) of 
liquid DL-methionine hydroxy analog-free acid (MHA-FA) compared 
with dl-methionine (dl-Met) for quail of 1 to 7 and 1 to 14 d of age. 
A total of 550 females of Japanese Quails were placed in according to 
a completely randomized design into 11 treatments, with 5 replicates 
with 10 birds each. Isonitrogenous and isoenergetic corn-soybean 
meal methionine-deficient diet was formulated in according to Silva 
and Costa (2009) and supplemented with dl-Met (99%) or MHA-FA 
(88%) in place of glutamic acid. Cystine requirement was fulfilled 
using l-cystine (99%) supplementation, theoretically enabling the RB 
of MHA-FA-88% separate from cystine influence. The total methionine 
levels were 0.23% (basal diet) and 0.29, 0.35, 0.41, 0.47 and 0.53% for 
diets formulated with either dl-Met (99%) or MHA-FA (88%). Weight 
gain (kg) and feed conversion (kg/kg) were assessed at 7 and 14 d of 
age. ANOVA was performed (P ≤ 0.05) and RB was calculated by slope 
ratio technique by the relationship between the multiple regression coef-
ficients for MHA-FA by the regression coefficient for dl-Met. For weight 
gain and feed conversion from 1 to 7 d, RB of MHA-FA to dl-Met was 
86.53 (R2 = 0.70) and 91.25% (R2 = 0.49), respectively. From 1 to 14 d, 
estimates were 73.89 (R2 = 0.63) and 64.67% (R2 = 0.49) respectively. 
The average RB of MHA-FA for Japanese quails was 88.89% from 1 
to 7 d and 69.28% from 1 to 14 d.

Key Words: bioavailability, Japanese quail, performance, sulfur-
amino acid

348P   Betaine and folic acid supplementation improves growth 
and feather development of chickens fed diets deficient in methio-
nine to 21 days. J. H. Vilar-Da Silva*1, C. I. Izogiwe2, J. D. Vaughn2, 
B. Lett2, R. A. Alhotan1, F. González-Cerón1, and S. E. Aggrey1, 
1Department of Poultry Science, University of Georgia, Athens, GA, 
2CAES Undergraduate Research Initiative, University of Georgia, 
Athens, GA.

We studied the effects of betaine (BET), folic acid (FA), and methionine 
(Met) supplementation on performance and feather weight in broilers 
hatch to 21 d old. Three hundred male chicks were placed in completely 
randomized design heated batteries and fed 5 dietary treatments (starter), 
with 4 replicates and 15 chicks per replicate. The diets were treatment 1 
(basal-negative control, NC): 0 mg/kg BET, 1.57 mg/kg FA, and 0.35% 
l-Met; treatment 2: NC + 1 mg/kg FA; treatment 3: NC + 0.19 mg/kg 
BET; treatment 4: NC + 0.19 mg/kg BET + 1 mg/kg FA; and treatment 
5 (positive control PC): supplemented with 0.19 mg/kg BET + 1 mg/
kg FA + 0.19 mg/kg dl-Met. Weekly pen weight and feed intake were 
measured and at d 21, the eighth primary covert feather was unplugged 
and weighed. The NC group has significantly worse growth compared 
with all other treatments. Supplementing NC with either BET or FA sig-
nificantly improved growth but did not match the positive control. FCR 
was 12% better between NC and PC. Differences in treatment for feather 
weight were similar to that of growth. Supplementation of methionine 
deficient diets with either FA or BET can significantly improve early 
body weight and feather growth in broiler chickens.

Key Words: methionine, growth, feather weight, betaine, folic acid

349P   Performance of broilers reared in high density and fed 
diets supplemented with vitamin C and tryptophan. J. R. Sar-
tori*1,3, M. M. Aoyagi1, V. B. Fascina1, M. M. P. Sartori2, G. A. M. 
Pasquali1, E. M. Muro1, A. L. Silva1, N. C. Alexandre1, F. Vercese1, 
and A. C. Pezzato1, 1São Paulo State University, College of Veteri-
nary Medicine and Animal Science, Botucatu, Brazil, 2São Paulo 
State University, College of Agricultural Sciences, Botucatu, Brazil, 
3FAPESP, São Paulo, Brazil.

Broiler rearing in high density as a way to reduce costs and increase 
productivity per area can cause intense stress and impair welfare and 
performance. Ascorbic acid and tryptophan have been used to minimize 
the effect of stress in poultry. This study evaluated the effect of vitamin 
C (VC) and l-tryptophan (Trp) levels on performance of broilers reared 
in high density. A total of 2,244 male Cobb-500 broiler chicks were 
assigned in completely randomized design in factorial 2 × 5 + 1 (VC: 
0, 250 mg/kg diet × Trp: 100, 125, 150, 175, and 200% of the recom-
mendation associated to high stock density, 17 birds/m2 + low density 
control (LD): diet without VC+100% of Trp requirement and 12 birds/
m2) with 11 treatments and 6 replications each. Source of vitamin C: 
ascorbic acid conjugated with biopolymer (Biogenic) and 100% Trp 
were supplemented according to Rostagno et al. (2011). At 42 d of age 
weight gain (WG), feed conversion ratio (FCR) and productive effi-
ciency index (PEI) were evaluated. There was no interaction between 
Trp and VC (P > 0.05). WG was not different (P > 0.05) between broilers 
that received VC and Trp with LD (2,827 g), except for the treatments 
150% Trp (2,535 g) and 100% Trp+VC (2,542 g). FCR of the broilers 
that received VC in the diet (1.620) were improved (P < 0.05) compared 
with unsupplemented (1.640). Only broilers supplemented with 200% 
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Trp+VC showed FCR (1.597) similar to LD (1.552), and FCR of all 
other treatments were worse when compared with LD. No difference 
(P > 0.05) was observed for PEI between broilers of the LD (418.7) 
and supplemented with 150% Trp+VC (382.6), 175% Trp+VC (382.8), 
200% Trp (382.8) and 200% Trp+VC (380.9). In sum, VC associated 
with Trp at 150% above requirement improved broilers performance 
reared in high density.

Key Words: amino acid, ascorbic acid, performance, poultry

350P   Physiological indicators of broilers reared in high density 
and fed diets supplemented with vitamin C and tryptophan. M. 
M. Aoyagi*1,2, J. R. Sartori1, V. B. Fascina1, J. C. R. Rezende1, J. C. 
Russo1, M. K. Maruno1, N. M. G. Causso1, P. G. Serpa1, D. A. Berto1, 
G. A. M. Pasquali1, and A. L. Silva1, 1São Paulo State University, 
College of Veterinary Medicine and Animal Science, Botucatu, Brazil, 
2FAPESP, São Paulo, Brazil.

The poultry farm industry has been aware of the necessity of enhancing 
poultry resistance, to diminish the economic loss caused by stress under 
intensive system production. Therefore, this study evaluated the effect 
of vitamin C (VC) and l-tryptophan (Trp) levels on physiological stress 
indicators (PSI) of broilers reared in high density. A total of 2,244 male 
Cobb-500 broiler chicks were assigned in completely randomized design 
in factorial 2x5+1 (VC levels: 0, 250mg/kg diet × Trp levels: 100, 125, 
150, 175 and 200% of the requirement associated to high stock density 
(17 birds/m2) + low density control (LD): diet without VC+100% of Trp 
requirement and 12 birds/m2) with 11 treatments and 6 replicates. Source 
of vitamin C: ascorbic acid conjugated with biopolymer (Biogenic) and 
100% Trp were supplemented according to Rostagno et al. (2011). PSI 
evaluated: plasma glucose (GL, mg/dL) and heterophil:lymphocyte 
ratio (H/L) at 21 and 42 d post-hatch. Density did not affect PSI (P > 
0.05). There was no interaction (P > 0.05) between Trp and VC levels 
on PSI. GL values for broilers at 21 d of age without (268.4) and with 
(271.5) VC did not differ from LD (267.2; P > 0.05). At 42 d of age, the 
GL values without (276.4) and with (270.3) VC did not differ from LD 
(264.4; P > 0.05). H/L at 21 d of age was 0.349 and 0.325 for broilers 
without and with VC, respectively, did not differ from LD (0.419; P > 
0.05). At 42 d of age H/L was 0.368 and 0.363 for broilers without and 
with VC, respectively, did not differ from LD (0.492) (P > 0.05). Trp 
did not affect GL and H/L. Values of GL and H/L can be considered 
normal at 21 and 42 d post-hatch. Therefore, supplementation of VC 
and Trp had no effect on the welfare of broiler reared in high density.

Key Words: amino acid, ascorbic acid, stress

351P   Maintenance requirement of tryptophan for poultry. M. 
B. Lima*, N. K. Sakomura, J. C. P. Dorigam, E. P. Silva, L. Vargas, 
and D. S. Constant, Universidade Estadual Paulista, Faculdade de 
Ciências Agrárias e Veterinárias, Jaboticabal, São Paulo, Brazil.

To develop factorial models for nutrition is essential to know the 
requirement for maintenance of the amino acids. The objective of this 
study was to determine the maintenance requirement of tryptophan for 
poultry. Forty-eight Cobb 500 adult roosters were individually housed 
in metabolic cages for the nitrogen balance trial. Seven treatments (level 
of tryptophan from 0 to 38 mg/kg), with 6 replicates, were randomly 
distributed. Dietary levels were obtained by diluting a summit diet, 
limiting in tryptophan, with a nitrogen-free diet. An eighth treatment was 
added to confirm the limitation of tryptophan (0.097 g of l-tryptophan 
/kg added in the second level). After 48 h of fasting, the birds were fed 
40 g of the experimental diet by tube, every morning, during 3 d. A 

nitrogen-free diet was available ad libitum. The collection of the excreta 
started 24 h after the first intubation. Feed and excreta samples were 
analyzed for dry matter and total nitrogen. The variables obtained were 
tryptophan intake (ITrp) and nitrogen balance (NB). Tryptophan was 
confirmed to be the first limiting amino acid in this study. The require-
ment for maintenance was obtained by linear regression between NB 
and ITrp, defined as the amount of ITrp corresponding to NB = 0. The 
equation obtained was: NB = – 39.57(±7.37) + 6.89(±0.33) × ITrp, R2 = 
0.92). Because there is no amino acid cost to maintain lipid reserves, the 
maintenance requirement is mostly related to the body protein content 
than body weight. Therefore, the tryptophan required for maintenance, in 
the present study, was scaled in terms not of body weight but according 
to the degree of maturity of the animal, and on this basis the amount 
of tryptophan required for maintenance was calculated to 33.5 mg per 
unit of maintenance protein (Pm0.73 u) per day.

Key Words: dilution technique, linear regression, nitrogen balance, 
units of maintenance protein

352P   Estimate of the optimal intake of valine for broiler 
breeder hens. M. B. Lima*, N. K. Sakomura, E. P. Silva, M. F. 
Sarcinelli, L. Soares, and D. C. Z. Donato, Universidade Estadual 
Paulista, Faculdade de Ciências Agrárias e Veterinárias, Jabotica-
bal, São Paulo, Brazil.

The objective of this study was to determine the optimal intake of valine 
for broiler breeder hens. Sixty-four broiler breeder hens of Cobb500 
genotype were individually housed in laying cages. The treatments were 
7 levels of valine with 8 replicates distributed into a random design. A 
summit diet and a nitrogen-free diet were formulated. The diets had the 
same level of minerals, vitamins and energy. The content of valine in 
the summit diet was 9.85 g/kg, obtained considering 130% of the valine 
requirement recommended by the Brazilian Tables and 150% for the 
remaining amino acids, creating a relative deficiency of 20% of valine. 
The intermediary valine levels (1.97, 2.95, 3.94, 4.92, 5.91, 6.89, 9.85 
g/kg) were obtained by successive dilutions of the summit diet with the 
nitrogen-free diet. An eighth treatment was added (0.102 g of L-valine/
kg + 1.97 g/kg) to confirm if valine was the first limiting amino acid. The 
trial lasted 9 weeks (5 weeks of adaptation and 4 weeks of data collec-
tion). The additional response seen with the supplementation of 0.102 g 
of L-valine confirmed that valine was the first limiting amino acid. The 
polynomial quadratic and broken-line models were adjusted for valine 
intake (X) and egg output (Y) data. The resulting equations were: Y = 
−0.00003X2 + 0.0771X + 18.6 and Y = 45.43–0.06(652.4 − X), estimat-
ing an optimal level of 1,133 and 652 mg/bird d for polynomial quadratic 
and broken-line models, respectively. The optimal level was determined 
by the first intercept of the polynomial quadratic with broken-line plateau 
estimating the requirement of 712 mg/bird d. The valine requirement 
herein, based on the first intercept X value of the broken-line plateau 
and the quadratic fitted curve predicts a requirement value close to that 
predicted by taking 63% of the upper asymptote value of the quadratic 
equation being an excellent representation of the requirement.

Key Words: amino acid, broken-line, dilution technique, egg mass, 
polynomial quadratic

353P   Valine levels in diets with crude protein reduction on 
performance and carcass yield of broilers from 1 to 46 days of 
age. V. C. Caetano*, D. E. Faria, D. E. F. Filho, V. S. Nakagi, A. R. 
M. Caniatto, and D. Suckeveris, Faculty of Animal Science and Food 
Engineering, Pirassununga, São Paulo, Brazil.
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Valine is an essential amino acid, currently recognized as the fourth 
limiting amino acid for broiler diets based on corn and soybean meal. 
This study aimed to evaluate Val:Lys ratios in diets with reduced crude 
protein (CP) and the effects of this reduction on performance and carcass 
yield of broiler chickens. 1,200 Cobb-500 male chicks were allocated 
to a completely randomized design with 6 treatments and 6 replicates 
(except control with 10 replicates to complete all experimental units) of 
30 birds each. The control treatment (CT - T1) was formulated following 
the levels of CP and amino acids (Lys, Met, Thr, Val, Trp, Arg, and Ile) 
recommended by Rostagno et al. (2011) with CP levels of 22.4, 21.2, 
19.8, 18.4, and 17.6% for pre-starter, starter, grower i, grower ii, and 
finisher, respectively, and the other treatments (T2 to T6) had reduced 
levels of CP (4% less compared with CT) and with respect Val:Lys ratios, 
with 5 levels in equidistant intervals of 0.07:1 ranging from 0.63:1 to 
0.91:1 (diets up to 21 d – CT was 0.77:1), and then from 064:1 to 0.92:1 
(diets after 21 d – CT was 0.78:1). The levels of AA were maintained 
in all treatments, except for Val, by the inclusion of crystalline AA. 
Performance characteristics evaluated were weight gain, feed intake, 
feed conversion (FC), viability and productive efficiency index. At 46 
d of age 6 birds per replicate were slaughtered for determination of 
carcass yield and commercial cuts. The averages were compared by 
Tukey test (5%), and contrast between control and other treatments, 
and regression analyses were used. The different Val:Lys ratios did 
not affect performance (P > 0.05) for any characteristic evaluated. CP 
reduction decreased FC (P < 0.05) until 21 d. Breast yield was the only 
carcass parameter affected by the Val:Lys ratio, which was optimized at 
0.75:1. The results suggest that the levels of Val used do not affect bird 
performance, only breast meat yield, and CP reduction is not recom-
mended during the first three weeks of rearing.

Key Words: amino acids, crude protein, ideal protein, nutritional 
requirement, poultry

354P   Valine, isoleucine, arginine, and glycine supplementation 
of low-protein diets for broiler chickens during the starter phase. 
I. C. Ospina-Rojas1, A. E. Murakami1, C. Eyng*2, R. V. Nunes3, and 
C. A. L. Oliveira1, 1Universidade Estadual de Maringá, Maringá, 
Paraná, Brazil, 2Universidade Federal da Grande Dourados, Doura-
dos, Mato Grosso do Sul, Brazil, 3Universidade Estadual do Oeste do 
Paraná, Marechal Cândido Rondon, Brazil.

A study was conducted to determine whether the addition of crystalline 
Val, Arg, Arg, or Gly in diets with a 3% CP reduction could support opti-
mal broiler performance, and evaluate their effects on serum parameters 
and litter characteristics of broiler chickens in the starter phase. A total 
of 1,320 male Cobb broiler chickens were distributed in a completely 
randomized design with 12 treatments and 5 replicates of 22 broilers 
each. The control diet was based on corn-soybean meal and formulated 
with 22% CP. A second diet with a 3% reduction in CP was formulated 
to meet the requirements of all digestible amino acids (AA) supplied 
by the control diet except for digestible Val, Ile, Arg, and Gly. The 
other experimental diets were formulated with individual or combined 
supplementation of crystalline Val, Ile, Arg or Gly in the low-CP diet 
to resemble digestible AA levels of the control diet, as follows: Val; Ile; 
Arg; Gly; Val+Ile; Val+Arg; Val+Gly; Val+Ile+Arg; Val+Ile+Gly and 
Val+Ile+Arg+Gly. All data were analyzed by the GLM and differences 
among means were separated using Tukey’s test by the LSMEANS 
procedure of SAS. Low-CP diet resulted in birds with a poorer (P < 
0.05) weight gain and feed conversion and exhibited higher (P < 0.05) 
serum concentrations of uric acid than those of the birds that received 
the control diet. Individual supplementation with Val and Gly, but not 
Ile and Arg, restored the weight gain of the birds. The feed conversion 

was restored to the level of the control diet in birds that received diets 
with added Val+Gly, Val+Ile+Arg, Val+Ile+Gly and Val+Ile+Arg+Gly. 
All diets with reduced CP, regardless of AA supplementation, resulted 
in poultry litter with reduced (P < 0.05) ammonia emissions and nitro-
gen contents in comparison to those of the litter of birds that received 
the control diet. The supplementation of Val and Gly in low-CP diets 
is sufficient to avoid adverse effects in the performance and serum 
parameters of broilers in the starter phase. The use of low-protein diets 
with the correct AA supplementation promotes the reduction of nitrogen 
excretion and ammonia emission from the litter of broiler chickens in 
the starter phase.

Key Words: amino acid, ammonia, performance

355P   Dietary supplementation of enzymes in naked oat based 
organic diets to improve methionine digestibility and broiler per-
formance. S. Li*1, P. H. Patterson1, R. M. Hulet1, H. K. Burley1, and 
M. Alp2, 1Pennsylvania State University, State College, PA, 2Istanbul 
University, Istanbul, Turkey.

The object of this study was to assess the value of naked oats, which 
are richer in methionine (Met) than corn, as a replacement ingredient 
for corn as the major dietary energy source in organic broiler diets 
when enzymes are supplemented to improve nutrient digestibility. A 
total of 350 d-old Cobb 500 male broilers were allocated randomly to 
5 dietary treatments, with 7 replicate battery cages per treatment (10 
birds/replicate). From 1 to 21 d of age, the following experimental diets 
were fed: (1) corn soy control (CS), (2) naked oats in place of corn (O), 
(3) naked oats + 500 g/metric ton Rovobio Excel AP10 (an organically 
approved combination of 19 enzymes) (O+R), (4) naked oats + 250 g/
metric ton Optiphos (a phytase) (O+O), and (5) naked oats + 500 g/
metric ton Rovobio Excel AP10 + 250 g/metric ton Optiphos (O+R+O). 
All naked oat diets contained 0.1% lower Met level than the CS diet and 
the enzymes were added in an effort to improve digestibility of these 
deficient diets. On d 21, all birds were euthanized and ileal digesta was 
collected. Growth, processing yields, and apparent nutrient digestibility 
of the diets were evaluated. Data analysis used a one-way ANOVA with 
Tukey’s test for mean comparisons and P ≤ 0.05 was deemed statistically 
significant. Birds fed the O+R and O+R+O diets had d 21 body weight 
gain (BWG), d 10–21 feed conversion ratios (FCR), overall BWG and 
FCR that were significantly improved compared with those fed the O 
diet. Live bird, breast, leg, wing, cage and carcass weights were also 
significantly increased for the O+R and/or O+R+O diets compared 
with the O diet. Supplementing Rovobio and/or Optiphos to the naked 
oats diets significantly improved the digestibility of crude protein (P < 
0.0001) and all amino acids (Met, Cys, Lys, Thr, etc; P < 0.0001). In 
conclusion, Rovobio alone or in combination with Optiphos enhanced 
digestibility of Met in organic naked oat based diets and improved broiler 
growth performance equal to that of the CS control.

Key Words: methionine, broiler chicken, naked oats, enzyme, 
digestibility

356P   Evaluation of the methionine requirement for three dual-
purpose chicken breeds. J. P. Jacob*, A. J. Pescatore, A. H. Cantor, 
T. M. Fisher, and M. J. Ford, University of Kentucky, Lexington, KY.

Methionine (Met) is typically the limiting amino acids in poultry diets. 
To meet the dietary methionine requirement without over feeding total 
protein synthetic Met is added to commercial poultry diets. Limited 
levels of synthetic Met are currently allowed in organic poultry diets in 
the United States, with the plan to prohibit it completely in the future. 
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There has been some speculation that dual-purpose breeds have lower 
Met requirements making them an alternative breed for use in organic 
chicken meat and egg production. This study looked at the Met require-
ment of 3 alternative breeds – Black Australorp (BA), Rhode Island Red 
(RIR) and Black Plymouth Rock (BPR). There were 4 dietary treatments 
with Met levels analyzed as 0.31, 0.36, 0.48 and 0.52% Met in a low 
density diet (3,047 kcal of ME/kg of diet). There were 5 replications 
per diet and breed combination with 10 chicks (straight run) per replica-
tion. The feed was available ad libitum for 4 wk and the body weight 
and feed consumption measured daily and feed efficiency calculated. 
At placement the RIR chicks were statistically larger than the BA and 
BPR chicks but the lowest at wk 1. There were no significant differences 
in body weight for the remainder of the trial. There were no significant 
differences in feed efficiency with regards to breed or diet. There was 

no significant effect of Met level on body weight or feed efficiency. At 
4 wk of age, chicks from all breeds reached body weights of 300 g and 
overall feed efficiency of 2.48. The level of 0.31% Met of diet 1 was 
the lowest level of dietary Met that could be achieved with the corn/
soybean meal low-density diets. Typical Met requirements range from 
0.28% for brown egg layers and 0.50% for broilers. The growth and 
feed efficiency achieved in this study indicated that for dual purpose 
breed chicks, the Met requirement for a diet containing 3,047 kcal of 
ME/kg is less than 0.31%. Unfortunately the poor overall performance 
of the dual purpose breeds does not make them an economically viable 
alternative for organic chicken meat production. However, they may be 
necessary if synthetic Met cannot be added in the future.

Key Words: methionine, heritage breed, organic
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Metabolism and Nutrition–Enzymes

357P   The effects of different enzyme complexes on nutrient 
digestibility, performance, and processing yield in male broil-
ers. L. V. Teixeira1, T. F. B. Oliveira*1,2, D. E. Peebles2, and A. G. 
Bertechini1, 1Universidade federal de Lavras, Lavras, MG, Brazil, 
2Mississippi State University, Starkville, MS.

The efficiency of 2 enzyme complexes on male broiler nutrient digest-
ibility and performance were evaluated. A total of 120 and 840 day-old 
male broilers (Cobb 500 strain) were used in the metabolic and perfor-
mance tests, respectively. The birds were distributed into 4 treatments 
[positive control (PC), negative control (NC), NC + enzyme complex A 
(xylanase, glucanase, amylase, protease and cellulase) and NC + enzyme 
complex B (xylanase and β-glucanase)]. In the metabolic test, 24 excreta 
collecting cages were utilized. The birds were caged from 14 to 21 d 
of age (doa) in which 3 d were for adaptation and 4 d for total excreta 
collection (the method of total excreta collection included the removal 
of feathers and spilled feed in the tray). The birds in the performance 
test were randomly allocated to 24 floor pens. The feeding programs 
were divided into 3 phases: starter (1 to 21 doa), grower (22 to 35 doa), 
and finisher (36 to 42 doa). Weight gain (WG), feed intake (FI) and feed 
conversion ratio (FCR) were measured at the end of each dietary phase. 
Processing yield was determined at 42 doa. The data were subjected to 
ANOVA and SNK test analyses. Significance was accepted at P < 0.05. 
In the metabolic test, there were no significant treatments differences for 
any of the parameters evaluated (dry matter, apparent digestibilities of 
CP and fat, and AMEn). No significant treatments effects were observed 
for the above parameters during the starter and grower phases or for 
carcass, drumstick, and breast yields. During the finisher phase, the 
PC exhibited superior FCR and WG results in comparison to all other 
treatments. For the whole experimental period (1 to 42 doa), the WG 
of birds receiving enzymatic complex B was similar those in the NC 
group. Birds belonging to the PC group had a more efficient FCR in 
comparison to the NC group. Enzyme complex A helped male broilers 
to more efficiently recover nutrients from their diets than did enzyme 
complex B. Nevertheless, the treatment effects on performance were not 
mobilized by changes in the metabolic parameters evaluated.

Key Words: crude protein, enzyme, male broiler, metabolizable 
energy, nutrients

358P   The effects of different enzyme complexes on nutri-
ent digestibility and performance in female broilers. T. F. B. 
Oliveira*1,2, L. V. Teixeira1, D. E. Peebles2, and A. G. Bertechini1, 
1Universidade federal de Lavras, Lavras, MG, Brazil, 2Mississippi 
State University, Starkville, MS.

The efficiency of 2 enzyme complexes on female broiler nutrient 
digestibility and performance were evaluated. A total of 120 and 840 
1-d-old female broilers (Cobb 500 strain) were used in the metabolic 
and performance tests, respectively. The birds were distributed into 4 
treatments [positive control (PC), negative control (NC), NC + enzyme 
complex A (xylanase, glucanase, amylase, protease and cellulase) and 
NC + enzyme complex B (xylanase and β-glucanase)]. For the metabolic 
test, 24 excreta collecting cages were utilized. The birds were caged 
from 14 to 21 d of age (doa), in which the first 3 d were for adaptation 
and the last 4 d for total excreta collection. The birds in the performance 
test were randomly allocated to 24 floor pens. The feeding programs 
were divided into 3 phases: starter (1 to 21 doa), grower (22 to 35 doa), 
and finisher (36 to 42 doa). Weight gain (WG), feed intake (FI) and feed 

conversion ratio (FCR) were measured at the end of each dietary phase. 
The data were subjected to ANOVA and SNK test analyses. Significance 
was accepted at P < 0.05. In the metabolic test, there were no significant 
differences in the dry matter or the apparent digestibilities of CP and 
fat between the treatments. Enzyme complex A (3,263 kcal/kg of DM) 
had an AMEn that was similar to that of the PC (3,253 kcal/kg of DM) 
and superior to NC (3,161 kcal/kg of DM) and enzymatic complex B 
(3,155 kcal/kg of DM). There were no significant treatment effects on 
FI, WG or FCR during the starter phase. During the grower phase, the 
use of both enzyme complexes had similar effects, whereas the PC was 
superior in its effects on FI and WG in comparison to that of NC. Also, 
PC was better than the enzyme complexes regarding its effects on FCR. 
Results from the final phase showed that birds receiving NC had the least 
efficient FCR. Both enzyme complexes and the PC similarly promoted 
WG. Considering the whole experimental period (1 to 42 doa), birds 
in the NC group had the highest FI but the least efficient FCR. Use of 
the enzyme complexes helped female broilers to digest nutrients for the 
subsequent support of optimal performance.

Key Words: crude protein, enzyme, female, metabolizable energy, 
nutrients

359P   Determination of the apparent metabolizable energy of 
diets containing protein ingredients associated with enzyme sup-
plementation for broilers in pre-starter phase. B. D. A. Fortes*1, 
M. B. Cafe2, J. H. Stringhini2, E. M. Oliveira2, and J. C. C. Carv-
alho3, 1Instituto Federal de Educação, Ciência e Tecnologia Goiáno, 
Ipora, Goiás, Brazil, 2Universidade Federal de Goiás, Goiánia, 
Goiás, Brazil, 3Nutron Alimentos S.A, Campinas, São Paulo, Brazil.

The principle of exogenous enzyme utilization in poultry diets is related 
to the improvement in nutrient and energy availability resulting from the 
increased digestion and absorption rates of specific feedstuffs. In this 
way, an experiment was proposed to evaluate the enzymatic complex 
addition AXTRA, containing xylanase, amylase and protease in the 
values of apparent metabolizable energy corrected for nitrogen balance 
(AMEn) for some protein ingredients for broilers in pre-starter diets. 
A total of 450 male day-old Cobb 500 chicks were randomly allotted 
in battery cages in a completely randomized design with 9 treatments 
and 5 replicates of 10 birds each. The experiment was performed in a 
total excreta collection from 4 to 7 d of age. Treatments were: T1 – ref-
erence diet; T2 – 60% reference diet with 40% corn gluten meal 60% 
CP; T3 – 60% reference diet with 40% corn gluten meal 60% CP with 
the enzymatic complex; T4 – 60% reference diet with 40% soybean 
protein concentrate; T5 – 60% reference diet with 40% soybean protein 
concentrate with the enzymatic complex; T6 – 60% reference diet with 
40% viscera meal; T7 – 60% reference diet with viscera meal with the 
enzymatic complex; T8 – 60% reference diet with 40% bovine dried 
plasma; T9 – 60% reference diet with 40% bovine dried plasma with the 
enzymatic complex. No difference was observed (P > 0.05) for appar-
ent metabolizable energy corrected for nitrogen balance (AMEn) for 
corn gluten meal 60%, soybean protein concentrate and viscera meal. 
However, the inclusion of enzymatic complex with xylanase, amylase 
and protease in bovine dried plasma was effective (P < 0.05) in increas-
ing AMEn value of diets in 13.57%. It is possible to conclude that the 
enzymatic complex AXTRA was effective in increasing AMEn levels 
of bovine dried plasma in pre-starter diets.

Key Words: bovine dried plasma, corn gluten meal 60% CP, meta-
bolic trial, soybean protein concentrate, viscera meal
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360P   Metabolizing nutrients of protein feed supplemented 
with enzyme complex for broilers to 7 days of age. B. Fortes*1,5, 
M. Café2,5, J. Stringhini2,5, J. Carvalho3, and M. Soares4, 1Instituto 
Federal de Educação, Ciência e Tecnologia Goiano, Iporá, GO, 
Brazil, 2Universidade Federal de Goiás, Goiânia, GO, Brazil, 
3Nutron Alimentos S.A, Campinas, SP, Brazil, 4Danisco Animal 
Nutrition, Campinas, SP, Brazil, 5Pesquisador do Conselho Nacional 
de Desenvolvimento Científico e Tecnológico CNPq, Brasília, DF, 
Brazil.

Several nutrients have high digestibility, although they are not fully 
degraded in the gastrointestinal tract, for example starch and protein. In 
this way, an experiment was design to observe the apparent metaboliz-
ability coefficient of dry matter (CAMDR), crude protein (CAMCP) and 
ether extract (CAMEE) for different protein ingredients (corn gluten 
meal 60%, soybean protein concentrate, viscera meal and bovine dried 
plasma) associated with enzyme supplementation (xylanase, amylase 
and protease) in pre-starter diets. A total of 450 male day-old Cobb 
500 chicks were randomly allotted in battery cages in a completely 
randomized design with 9 treatments and 5 replicates of 10 broilers each. 
Means were compared using SNK (Student-Newman-Keuls) and were 
considered significant at P < 0.05. The experiment was performed in a 
total excreta collection from 4 to 7 d of age. Treatments were T1) refer-
ence diet; T2) 60% reference diet with 40% corn gluten meal 60%; T3) 
60% reference diet with 40% corn gluten meal 60% with the enzymatic 
complex; T4) 60% reference diet with 40% soybean protein concentrate; 
T5) 60% reference diet with 40% soybean protein concentrate with the 
enzymatic complex; T6) 60% reference diet with 40% viscera meal; T7) 
60% reference diet with viscera meal with the enzymatic complex; T8) 
60% reference diet with 40% bovine dried plasma; T9) 60% reference 
diet with 40% bovine dried plasma with the enzymatic complex. No 
difference (P > 0.05) was observed for apparent metabolizability coef-
ficient of ether extract in any treatments. The addition of the enzyme 
complex was effective at improving (P < 0.05) CAMDR and CAMCP 
for soybean protein concentrate of 8.71% and 21.77% respectively. In 
addition, the inclusion of enzymatic complex in bovine dried plasma was 
effective (P < 0.05) in increasing CAMCP value of diets of 21.07%. It is 
possible to conclude that the enzymatic complex AXTRA was effective 
in increasing CAMDR and CAMCP for soybean protein concentrate, 
and CAMCP for bovine dried plasma.

Key Words: broiler, digestibility, enzyme, protein ingredients, starter 
phase

361P   Use of mass balance approach on broiler chickens fed 
diets with added levels of phytase above the commercial recom-
mendations. M. L. Angeles*1, S. Gomez1,2, and A. Diaz3, 1National 
Institute of Forestry, Agriculture and Livestock Research, Ajuchitlan, 
Queretaro, Mexico, 2Faculty of Higher Studies Cuautitlan-UNAM, 
Ajuchitlan, Queretaro, Mexico, 3Vimifos SA de CV, El Salto, Jalisco, 
Mexico.

An experiment was carried out to evaluate the dry matter (DM), ash, 
organic carbon (OrgC) and nitrogen total pen intake, recovered in 
litter and removed on the whole body of broilers fed increasing units 
of phytase. Six hundred 1-d-old male B308 chicks were assigned to 6 
treatments: 1) Positive control (PC) corn-soybean meal diet with normal 
levels of nutrients; from 2 to 6) a negative control (NC) low Ca, P and 
energy diet was added with 0, 500, 1,000, 2,000, and 3,000 units of 
phytase (UP)/kg of diet. Broilers were fed for 42 d with prestarter (7 
d), starter (14 d), grower (14 d) and finisher (7 d) diets. There were 6 
replicate pens per treatment with 25 broilers per pen. Pen feed intake 
and results of laboratory analysis of the diets were used to calculate 

the total mass of nutrients input to the system. At the end of the trial, 
3 broilers from each pen were slaughtered to determine whole body 
DM, ash, OrgC, and N which were multiplied by total pen wt at 42 d to 
calculate the retention in broilers mass. The total litter in all pens was 
collected, weighed, mixed and sampled to determine the total mass of 
nutrient recovered in litter. Data was subjected to ANOVA and poly-
nomial contrasts were used to analyze the increasing units of dietary 
phytase. The intake of DM, ash, OrgC, and N was lower (P < 0.05) in 
broilers fed the NC diet without added phytase compared with the rest 
of the treatments. The DM recovered in litter was lower for the NC + 
2,000 and 3,000 UP (Quadratic effect, P < 0.05). The ash recovered in 
litter was higher for the PC and similar for the rest of the treatments (P 
< 0.05). The retention of DM, ash, OrgC, and N in the whole body was 
similar among treatments. There were no diferences on the total balance 
of DM and OrgC among treatments, but the ash and N balance was lower 
(P < 0.05) in broilers fed the NC diet supplemented with phytase. It is 
concluded that in broiler chickens fed low-Ca, P and energy diets, the 
addition of 500 to 3000 UP did not change the nutrient recovered in the 
whole body of broilers but caused a reduction of the ash and nitrogen 
recovered in litter.

Key Words: broiler, phytase, mass balance, litter, whole body

362P   Impact of fiber-degrading feed enzymes on gut micro-
biome profile in broiler chickens fed corn/corn DDGS or viscous 
grains (wheat, barley and rye) based diets. N. K. Nandha1, P. M. 
Munyaka*1, E. Kiarie2, C. M. Nyachoti1, and E. Khafipour1, 1Univer-
sity of Manitoba, Winnipeg, MB, Canada, 2Dupont Industrial Biosci-
ences–Danisco Animal Nutrition, Marlborough, United Kingdom.

The value of added feed enzymes in promoting growth and efficiency of 
nutrient utilization is well recognized in monogastric animals. However, 
the effects of feed enzymes on gastrointestinal microbiota are not well 
understood. Thus, the effects of a xylanase and β-glucanase (XB) blend 
on ileal and cecal microbiome in broiler chickens fed corn/corn DDGS 
or viscous grains based diets were investigated. A total of 140 day-old 
male Ross 308 broiler chicks were randomly assigned to 7 replicate 
cages (5 birds/cage) and fed experimental diets for 21 d. Diets were 
based on either corn/corn DDGS or viscous grains without or with 
supplemental XB. On d 21, ileal and cecal contents were obtained for 
microbial analysis by illumina sequencing. Data were analyzed using 
QIIME and partial least square discriminant analysis (PLS-DA) was 
used to identify taxa that were most characteristic of treatment groups. 
Alpha-diversity of bacterial community was calculated using different 
richness estimators and differences in β-diversity were tested using 
PERMANOVA. In total 8 and 6 phyla were observed in the ileum and 
cecum respectively but no differences were found between XB and 
non-XB treatments. Likewise, α- and β-diversity of microbiota did not 
differ between XB and non-XB treatments. PLS-DA analysis revealed 
that some taxa were associated with different treatments at genus level. 
In this case, ileal analysis showed that Janthinobacterium was associated 
with non-XB corn-based diet, whereas Ruminococcus, Lachnospiraceae 
(F), Lactobacillaceae (F), Peptostreptococcaceae (F), Clostridiales (O), 
Acidovorax, and Blautia were associated with XB corn-based diet. 
Ruminococcus, Ruminococcaceae (F), Escherichia, and Clostridium 
were associated with non-XB viscous grain diet, whereas Mollicutes 
(C) and Firmicutes (P) were associated with XB viscous grain diet. A 
relatively similar microbiome clustering was observed in the cecum. 
Data provided significant insight on ileal and cecal microbial profile 
associated with the dietary types and XB. The functional roles of these 
taxa require further investigations.

Key Words: broiler, xylanase, β-glucanase, microbiome



123Poult. Sci. 93(E-Suppl. 1)

363P   Effects of supplemental carbohydrases on performance 
of broiler chickens. R. V. Nunes1, T. S. Andrade1, D. F. Bayerle1, 
R. G. Hermes*2, and I. C. Ospina-Rojas3, 1Universidade do Oeste 
do Paraná, Marechal Cândido Rondon, Paraná, Brazil, 2DSM 
Nutritional Products, São Paulo, Brazil, 3Universidade Estadual de 
Maringá, Maringá, Paraná, Brazil.

A study was conducted to evaluate the effect of different enzymatic 
products on performance of broilers fed a corn-SBM based diet up to 
42 d of age. A total of 1,008 21 d old male broilers (Cobb 500) were 
distributed in a completely randomized design with 6 treatments and 
8 replicates of 21 birds each. Treatment diets were: negative control 
(NC, reducing 120 kcal ME/kg); a positive control (PC, corn-soybean 
meal based diet); enzymatic complex 1 (EC1, adding 100 ppm of a 
commercial product in the NC diet); enzymatic complex 2 (EC2, adding 
200 ppm of a commercial product in the NC diet); enzymatic blend 1 
(EB1, adding 100 ppm of Ronozyme WX xylanase and 200 ppm of 
Ronozyme A amylase in the NC diets); and enzymatic blend 2 (EB2, 
adding 100 ppm more amylase than EB1). Fed intake (FI), weight gain 
(WG) and feed conversion rate (FCR) were recorded weekly. ANOVA 
of data was performed using Tukey’s test to find significant differences 
(P < 0.05) between treatments. No significant differences were observed 
for FI. The WG in kg were higher (P < 0.05) for PC (1.809) compared 
with NC (1.698), C1 (1.721) and B1 (1.721), but did not differ from 
C2 (1.743) and B2 (1.745). Likewise, the PC diet resulted in birds with 
lower FCR (P < 0.05) than broilers that received the NC, C1, C2, and 
B1, but did not differ to birds that were fed with the B2. Performance 
data suggest that the use of a combination of amylase and xylanase may 
allow feed reduction costs by reducing 120 kcal of AME per kg with no 
effect on broiler production.

Key Words: amylase, broiler, energy, xylanase

364P   Comparison between different carbohydrases on ileal 
metabolizability of nutrients for broiler diets. R. V. Nunes1, T. 
S. Andrade1, J. O. B. Sorbara1, R. G. Hermes*2, and I. C. Ospina-
Rojas3, 1Universidade do Oeste do Paraná, Marechal Cândido 
Rondon, Paraná, Brazil, 2DSM Nutritional Products, São Paulo, 
Brazil, 3Universidade Estadual de Maringá, Maringá, Paraná, 
Brazil.

A study was conducted to evaluate the effect of different enzymatic 
products on ileal metabolizability rate of broilers fed corn-soybean meal 

based diets up to 42 d of age. A total of 1,008 male broilers (21 d old; 
Cobb 500) were distributed in a completely randomized design with 
6 treatments and 8 replicates of 21 birds each. Treatment diets were: 
negative control (NC, reducing 120 kcal ME/kg); a positive control 
(PC, corn-soybean meal based diet); enzymatic complex 1 (EC1, adding 
100 ppm of a commercial product in the NC diet); enzymatic complex 
2 (EC2, adding 200 ppm of a commercial product in the NC diet); 
enzymatic blend 1 (EB1, adding 100 ppm of Ronozyme WX xylanase 
and 200 ppm of Ronozyme A amylase in the NC diets); and enzymatic 
blend 2 (EB2, adding 100 ppm more amylase than EB1). At the end 
of the trial, birds were slaughtered and ileal samples were collected to 
analyze the dry matter (IDM, %), crude protein (ICP, %) and metaboliz-
able energy (IME, kcal). ANOVA of data were performed using Tukey’s 
test to find significant differences (P < 0.05) between treatments. The 
IDM digestibility was improved (P < 0.05) on PC (63.0), C2 (63.9) and 
B2 (63.7) compared with NC (60.1), C1 (61.0) and B1 (61.1). The ICP 
(P < 0.05) for C1 (77.1), C2 (78.8) and B2 (77.8) compared with B1 
(74.8), but did not differ from NC (76.1) and PC (76.7). The IME was 
higher (P < 0.05) for PC (3249) compared with all other treatments, 
however the C2 (2967), B1 (2960) and B2 (3051) were significantly 
different from NC (2775) and C1 (2709). Presented data suggest that 
the use of enzymatic complex 2 and the blend 2 in a less nutritive diet 
may improve the metabolizability of nutrients as much as a diet with 
standard broilers requirements.

Key Words: broiler, carbohydrase, ileal metabolizable energy

365P   Effect of fiber-degrading feed enzymes on growth per-
formance and nutrient utilization in broiler chickens fed corn/
corn DDGS or viscous grains (wheat, barley, and rye) based diets. 
N. K. Nandha1, P. M. Munyaka*1, E. Kiarie2, C. M. Nyachoti1, and 
E. Khafipour1, 1University of Manitoba, Winnipeg, MB, Canada, 
2Dupont Industrial Biosciences-Danisco Animal Nutrition, Marlbor-
ough, United Kingdom.

The aim was to assess the effects of a xylanase and β-glucanase (XB) 
blend on growth performance and nutrients utilization in broiler 
chickens fed corn/corn DDGS or viscous grains based diets. A total of 
140 d-old male Ross 308 broiler chicks were randomly assigned to 7 
replicate cages (5 birds/cage) and fed experimental diets for 21 d. The 
diets were based on either corn/corn DDGS or viscous grains without 
or with supplemental XB. A 0.3% TiO2 was used as indigestible marker 
and birds had free access to feed and water. Performance was monitored 

Table 1 (Abstract 365P). Performance and digestibility

Item

Corn/Corn DDGS Viscous grains

SED

P-value

XB − XB + XB − XB + Diet XB Diet × XB

BWG 187.96 197.91  196.63 202.86 2.26 0.0004 <0.0001 0.26

FI 236.3 224.21  230.7 227.7 8.94 0.86 0.24 0.48

FCR 1.256 1.133  1.171 1.123 0.04 0.15 0.015 0.26

Viscosity 2.00 1.81  3.64 2.51 0.16 <0.0001 <0.0001 0.0008

AMEn 2,994 3,125  3,013 3,097 123 0.11 0.38 0.80

Starch 96.72 95.93  93.31 96.68 0.73 0.01 0.02 0.0007

NDF 33.06 35.61  63.2 65.3 4.5 <0.0001 0.40 0.74

ADF −19.52 −19.00  −29.82 −23.33 10.9 0.35 0.65 0.70

Fat 87.4 87.8  88.5 88.3 1.18 0.34 0.91 0.68

CP 75.48 76.03  72.17 71.13 1.98 0.008 0.86 0.57
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weekly and excreta were collected from d 17 to 20 for nutrients retention 
and AMEn measurements. On d 21, jejunal contents were collected for 
viscosity determination. Data were analyzed using a CRD in a 2 × 2 
factorial arrangement. Birds fed viscous grains had higher (P < 0.001) 
BWG (3.4%) than birds fed corn-based diet while birds fed XB had better 
BWG and FCR than birds fed non-XB diet. Birds fed viscous grains 
retained higher NDF and lower CP compared with birds fed corn-based 
diet. There was an interaction (P < 0.001) between diet type and XB on 
jejunal digesta viscosity and starch retention. In this context, XB reduced 
jejunal digesta viscosity to a greater extent in viscous grain (−31%) 
than in corn-based diet (−10%). Birds fed viscous grain based diet with 
XB retained more (3.5%) starch than birds fed this diet without XB. 
Although diet affected growth performance, XB was efficacious across 
diet types implying that degradation of dietary fibrous components by 
feed enzymes may stimulate performance in young birds.

Key Words: broiler, xylanase, β-glucanase, performance

366P   Evaluation of liquid and solid based commercial kits 
on measuring xylanase activity in poultry diets. M. Hashim*1, J. 
Fowler1, O. Gutierrez2, and C. A. Bailey1, 1Texas A&M University 
System, College Station, TX, 2Huvepharma Inc., Peachtree City, GA.

The use of xylanase in poultry feeds has been found to have beneficial 
effects on bird performance. Measuring the enzyme activity in the feed 
has several limitations that depend on the origin of the enzyme and the 
substrate. For this study, 2 commercial kits were used to evaluate the 
effect of their substrate form on the measurement of xylanase activity 
in poultry feeds. One kit had a tablet substrate base and the second was 
a liquid substrate form. Assay methodology for xylanase activity was 
conducted using a modified procedure provided by the manufacturer. 
Four levels of xylanase (Hostazym-X, 15,000 units/g, Huvepharma 
Inc.) were included in an industry-type broiler diet at 0.1, 0.2, 0.4, and 
0.8 lb/ton of feed. For the tablet kit, enzyme extraction was performed 
by adding 5 mL of acetic acid (0.1 M) to 0.5 g of each feed sample 
and vortexing. Samples were incubated at room temperature for 20 
min followed by centrifugation for 10 min. Duplicate aliquots of the 
supernatant were transferred to glass test-tubes. Substrate tablet was 
added to each tube and placed in a 50°C water bath for 30 min. After 
incubation, 5 mL of Trizma solution was added, vortexed, and stored 
at room temperature for 5 min followed by centrifugation for 5 min. 
The absorbance of the supernatants was measured at 590 nm against a 
reaction blank. A similar procedure was used with the liquid substrate 
kit except that Na acetate was used as the extraction buffer and the 
reaction was ended using ethanol followed by 10 min centrifugation. 
Standard curves were constructed using Hostazym-X, diluted with celite 
at the same levels of the inclusion as the feed samples. The absorbance 
values for the standard curves and feed samples were subjected to linear 
regression analysis (r2 > 0.90). The results indicated that liquid assay 
kit was better at estimating the enzyme activity than solid kit when 
enzyme level was low (0.1 and 0.2 lb/ton). While results were similar 
between the 2 kits at higher concentrations. These results suggest that 
measuring xylanase activity in feeds can be influenced by the form of 
substrate in a given assay.

Key Words: xylanase, enzyme activity

367P   Evaluation of feeding Victus, a multi-component enzyme, 
on live performance of broilers fed a wheat-based diet and reared 
under commercial conditions. L. Mejia*, D. Teitge, N. E. Ward, L. 
Fox, and M. de Beer, DSM Nutritional Products, Parsippany, NJ.

A completely randomized design study evaluated the supplementation of 
Victus, a multi-component enzyme that adjusts for bird age and dietary 
substrate, on the live performance of broilers during a 35-d grow-out 
period. One hundred and 92 Ross 308 d-old male broilers were allot-
ted to 16 pens of 12 broilers each. The 3-phase crumbled and pelleted 
diets were composed of wheat, soybean meal, porcine meal and corn 
DDGS with the inclusion of a phytase enzyme, and were formulated to 
simulate commercial nutritional specifications. Fed across all dietary 
phases, the treatments were (1) Control (C), and (2) Control + Victus (C 
+ Victus). Broilers had ad libitum access to feed and water. Broilers and 
feed were weighed on d 7, 21 and 35, total BW and feed consumption 
were measured, and feed conversion ratio (FCR) was calculated. When 
significant differences (P < 0.05) existed among treatments, Fisher’s 
least significant difference option of SAS was used to separate means. 
Mortality was unaffected (P > 0.05) by the dietary treatments. Total BW 
and FCR were improved (P < 0.05) when broilers were fed Victus. Under 
the current conditions, feeding Victus improved total BW by 6.50% and 
FCR was reduced by 5.40%. Feeding a multi-component enzyme that 
is designed to meet specific age and substrate related needs of the chick 
has the potential to be a viable alternative to optimize live performance 
parameters and reduce feed cost.

Key Words: multi-component enzyme, substrate, wheat, live perfor-
mance, feed cost

368P   Efficacy of a xylanase (Hostazym X) on broiler perfor-
mance from 1 to 18 days of age over the course of three broiler 
trials. M. A. Barrios*1, J. Payne1, D. Morris1, A. Kenyon1, L. Fuller1, 
A. Batal2, and R. Beckstead1, 1University of Georgia, Athens, GA, 
2Huvepharma Inc, Peachtree City, GA.

Enzyme inclusion to improve broiler performance is considered standard 
practice because feed cost is the single greatest expense of the poultry 
industry. Corn and soybean meal have anti nutritional factors such as 
non-digestible carbohydrates and pentoses; consequently, an opportunity 
exists to improve feed digestibility. The objective of these studies was to 
determine the efficacy of Hostazym X (xylanase) on growth performance 
of broilers fed corn-soybean meal based rations from 1 to 18 d of age. 
Three independent trials were conducted using day-old Cobb 500 by-
product male chicks. Broilers were raised in Petersime batteries and feed 
and water were provided ad libitum. Chicks were maintained on a 24-h 
lighting schedule in thermostatically controlled rooms. Each experimen-
tal treatment was comprised of 12 pens, each containing 6 chicks for a 
total of 72 broilers. Trial 1 consisted of 4 treatments: positive control 
(PC), negative control (NC; reduced energy), and Hostazym X added 
to either of these diets (PC+X and NC+X, respectively). In trial 2 there 
were 6 treatments: PC, NC1 (reduced energy), NC2 (reduced energy 
and protein), plus these with Hostazym X. There were 3 treatments in 
trial 3: PC, NC (reduced energy), NC with Hostazym X. Diets in trial 2 
contained 8% distillers dried grains with solubles; trials 1 and 3 did not. 
Data were subjected to ANOVA as a completely randomized design by 
using the general linear model. In trial 1, no significant differences (P > 
0.05) were found across treatments. In the second trial, individual body 
weight gain was increased in broilers in treatments PC+X and NC1+X. 
Broilers consuming PC+X had the best feed efficiency, while the worst 
feed efficiency was found in NC2. In trial 3, the PC and NC+X treatment 
groups had statistically similar individual body weight gain, and feed 
efficiency was improved in chickens fed the NC+X diet as compared 
with the controls. Results from these 3 trials indicate that the addition 
of Hostazym X can improve growth performance of broilers fed corn-
soybean meal based rations up to 18 d of age.

Key Words: Hostazym X, xylanase, enzyme, broiler, feed efficiency
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369P   The efficacy of a next-generation microbial phytase 
on apparent ileal amino acid and crude protein digestibility in 
broiler chicks fed non-phytate phosphorus-deficient corn-soybean 
meal based diets. M. K. Manangi*1, B. Wuelling1, N. Odetallah1, 
M. Vazquez-Anon1, and A. Solbak2, 1Novus International Inc., St. 
Charles, MO, 2Verenium Corp., San Diego, CA.

A 19 d experiment was conducted to evaluate the effect of supplemen-
tation of a next generation microbial phytase (Cibenza Phytaverse; 
phytase-A) and a modified E. coli phytase (phytase-B) on apparent ileal 
digestibility of amino acids (AA) and crude protein (CP) in broiler chicks 
fed non-phytate phosphorus (npp) deficient corn-SBM diets. A total of 
512 Ross-308 male broiler chicks were assigned to 8 treatments with 
8 cages/treatment and 8 chicks/cage. Treatments consisted of 0.23% 
npp, T1 (-ve control); 0.28% npp, T2; 0.33% npp, T3; 0.38% npp, T4; 
0.45% npp, T5 (+ve control); T1+250 units of phytase-A/kg diet, T6; 
T1+500 units of phytase-A/kg diet, T7; T1+500 units of phytase-B/
kg diet, T8. Diets were formulated to have 0.93% Ca. All the diets 
were pelleted at 85°C and crumbled. Dicalcium phosphate was used 
as source of npp for T1 to T5. The data were analyzed using 1-way 
ANOVA and means were separated using LSDs at P ≤ 0.05. End of 
the trial outcome indicated a significant treatment effect (P < 0.05) for 
CP and 18 measured AA except tyrosine (P = 0.77). Supplementation 
of phytase-A to T1 at 250U/kg diet significantly (P < 0.05) improved 
digestibility of CP and AA such as His, Ile, Leu, Met, Phe, Thr, Val, 
Cys, Gly, and Pro. Supplementation of phytase-A to T1 at 500U/kg diet 
significantly (P < 0.05) improved digestibility of CP and AA such as 
Arg, His, Ile, Lue, Lys, Met, Phe, Thr, Trp, Val, Ala, Asp, Cys, Glu, Gly, 
Pro, and Ser. However, supplementation of phytase-B to T1 at 500U/kg 
diet (T8) did not improve any of the measured 18 AA and CP. Overall 
in comparison to the negative control (T1), for 250 U of phytase-A/kg 
diet (T6) the total essential AA improvement of 1.54 percentage points 
and CP of 1.85 percentage points were observed, whereas for 500 U 
of phytase-A/kg diet (T7) the total essential AA improvement of 2.85 
percentage points and CP of 2.99 percentage points were observed. In 
summary, the next generation microbial phytase showed significant 
improvement in apparent ileal digestibility of almost all AA and CP 
when supplied at 500U/kg diet.

Key Words: phytase, broiler

370P   Leaky gut and the liver: The role of Bacillus subtilis 
direct-fed microbial in reducing bacterial translocation in neo-
nate poults fed with a rye-based diet. J. Blankenship*1, H. Lester1, 
D. Lester1, C. Lester1, J. D. Latorre1, A. D. Wolfenden1, M. H. 
Kogut2, J. L. Vicente3, R. Wolfenden3, X. Hernandez-Velasco4, L. R. 
Bielke1, B. M. Hargis1, and G. Tellez1, 1University of Arkansas, Fay-
etteville, AR, 2USDA-ARS, College Station, TX, 3Pacific Vet Group, 
Fayetteville, AR, 4FMVZ-UNAM, Mexico City, Mexico.

Rye contains high concentrations of non-starch polysaccharides (NSP), 
leading to reduced digestibility. Because poultry have little or no intrinsic 
enzymes capable of hydrolysing these NSP, the use of exogenous xyla-
nases as additives are used in an attempt to reduce these anti-nutritive 
factors. Previously, we have reported that dietary inclusion of selected 
direct-fed Microbial (DFM) candidates that produce endogenous phy-
tase, lipases, proteases, cellulases and xylanases in NSP diets signifi-
cantly reduced both viscosity and Clostridium perfringens proliferation 
when compared with control diets without the DFM in vitro. In the 
present study, starter rye-soybean-based diets with or without DFM (n 
= 12) were administered ad libitum to 1-d-old poults in 2 independent 

experiments. At d 10, all poults in both groups were humanely killed and 
liver sections were aseptically collected to determine counts (cfu/g) of 
coliforms in MacConkey agar plates. Intestinal contents from duodenum 
to cloaca were collected to determine viscosity. Data were subjected to 
ANOVA and mean separation using Duncan’s multiple range test. In 
both experiments, a significant reduction (P < 0.05) in the total number 
coliforms in the liver as well as intestinal viscosity was observed in the 
group of poults fed the rye-base diet with DFM when compared with 
the control non-treated diet. Changes in the composition of the micro-
biome or alterations in gut permeability are associated with bacterial 
translocation (BT) in the portal and/or systemic circulation in several 
types of leaky gut. Detoxification of microbial products from gut-derived 
microbes is a major role of the liver. The results of the present study 
suggest that the NSP from rye-based diets can both enhance bacterial 
translocation and intestinal viscosity, but these adverse effects can be 
prevented by the inclusion of selected DFM candidates. Studies to evalu-
ate the possible inflammatory effects of the NSP in rye-base diets as well 
as the morphological changes in different sections of the gastrointestinal 
tract, performance and microbial profiles are currently being evaluated.

Key Words: Bacillus, DFM, enzyme, bacterial translocation, 
viscosity

371P   Enzyme effects on energy utilization of soybean meal 
from different Brazilian areas. S. L. Vieira*1, C. Stefanello1, B. 
Mallmann1, C. Pontin1, J. O. Sorbara2, and R. G. Hermes2, 1UFRGS, 
Porto Alegre, RS, Brazil, 2DSM Nutritional Products, São Paulo, SP, 
Brazil.

A study was conducted to evaluate the effects of different enzymes on 
soybean meal (SBM) grown in 2 geographic areas in Brazil (south or 
north). A total of 336 Cobb 500 male broilers were placed in 48 battery 
cages, with 6 treatments and 8 replicates (7 birds each). Birds were fed 
the same diets to 14 d. Experimental diets were provided from 15 to 
24 d. South and north SBM had, respectively, 44.8 and 46.7% CP, 5.0 
and 3.9% crude fiber, and 3.9 and 1.6% fat. A test diet (55.5% SBM, 
40.8% corn starch, 0.96% dicalcium phosphate, 1.1% limestone, 0.15% 
mineral and vitamin premixes, 0.5% salt, 0.01% phytase (Ronozyme 
HiPhos GT) and 1% Celite) was prepared with each SBM source. 
Two enzyme products were individually added to the basal diet: a 
carbohydrase blend (Ronozyme VP, 100 Fungal β-glucanase units/kg) 
and a Protease (Ronozyme ProAct, 15,000 PROT units/kg). Data were 
submitted to ANOVA and means are compared by contrasts and Dunnet 
test (5% significance). Total excreta were collected from 21 to 24 d 
whereas all birds were slaughtered at 24 d for ileal content collection. 
Feed, excreta and ileal contents were submitted to combustion using 
an IKA calorimeter as well as analysis of dry matter (DM) to calculate 
their metabolizability coefficients, AME and apparent ileal digestible 
energy (AIDE). No difference was found for AME for the 2 SBM (south 
= 3,077 kcal/kg and north = 3,098 kcal/kg). North SBM had higher (P 
< 0.05) AIDE (3,157 kcal/kg) compared with south SBM (3,050 kcal/
kg). Supplementation with the carbohydrase blend and the protease 
did not affect AME of south SBM but led to improvements in AIDE 
of 126 kcal/kg and 162 kcal/kg, respectively. Carbohydrase blend and 
protease effects on north SBM led to improvements of 74 and 80 kcal/
kg of AIDE, but only protease improved 45 kcal/kg AME. Enzyme 
effects on SBM varied with its origin supposedly due to differences in 
their indigestible composition.

Key Words: broiler, carbohydrase, protease, soybean meal
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372P   Effect of phytase derived from Buttiauxella species on 
performance and tibia ash in turkeys. Y. Dersjant-Li*1, D. Swann1, 
A. Amerah1, and P. Lescoat2, 1Danisco Animal Nutrition, DuPont 
Industrial Biosciences, Marlborough, United Kingdom, 2INRA, Nouz-
illy, France.

The effect of a 6-phytase derived from Buttiauxella spp. expressed 
in Trichoderma reesei on performance and tibia ash characteristics in 
turkeys was evaluated. Five dietary treatments were tested in a random-
ized design using female (B.U.T. Big 9) day-old turkey poults, with 8 
replicates (12 birds/pen) during 1–43 d. Treatments were (1) a positive 
control (PC); (2) a negative control (NC) with low available P and Ca 
(PC reduced in AvP by 0.21% and 0.24%, Ca by 0.22% and 0.34% in 
phase 1 and 2 diets, respectively); (3–5) NC + 250, 1,000, and 2,000 
FTU/kg of feed of Buttiauxella phytase, respectively. Diets were based 
on corn/soybean meal, pelleted and fed ad libitum. Phase 1 and 2 diets 
were fed from 1 to 29 d and 30 to 43 d, respectively. Poults were weighed 
and feed intake (FI) was measured in each phase. On d 43, both tibia 
were removed from 3 poults per replicate for determination of bone ash 
and strength. Treatment means were compared using Student’s t-test. 
In each phase and overall of 43 d, NC reduced FI and body weight 
gain (BWG) (P < 0.05) compared with PC. NC + 250 FTU/kg phytase 
improved (P < 0.05) FI and BWG compared with NC and did not differ 
from PC. Supplementation of 1,000 and 2,000 FTU/kg phytase to NC 
diet improved BWG (P < 0.05) compared with PC. Overall 43-d data 
showed that feed conversion ratio (FCR) was lower (P < 0.05) in NC + 
1,000 and NC + 2,000 FTU/kg phytase treatments compared with NC 
and PC; this converted to a reduction in calorie conversion by 94 and 
102 kcal/kg BWG, respectively versus NC. Tibia ash (% dry matter) and 
tibia strength improved (P < 0.05) in all phytase treatments compared 
with NC, with NC + 1,000 FTU/kg phytase treatment being similar to 
PC for tibia strength and NC + 2,000 FTU/kg phytase treatment being 
similar to PC for tibia ash. Based on percentage tibia ash, 2,000 FTU/
kg phytase can replace 0.21 to 0.24% AvP in turkey’s diet during 1–43 
d. However, nonlinear curve fitting with BWG and tibia strength data 
indicated that 500 FTU/kg phytase is equivalent to 0.21 to 0.24% AvP.

Key Words: turkey, Buttiauxella phytase, performance, bone ash

373P   Exogenous enzymes in corn-based or sorghum-based 
broiler diets. J. R. Sartori*1, G. A. M. Pasquali1,3, M. M. Aoyagi1, 
A. L. Silva1, V. B. Fascina1, E. M. Muro1, N. C. Alexandre1, D. 
A. Berto1, P. G. Serpa1, J. C. Russo1, N. M. G. Causso1, J. C. R. 
Rezende1, M. K. Maruno1, F. Vercese1, E. S. P. B. Saldanha2, 1Sao 
Paulo State University, College of Veterinary Medicine and Animal 
Science, Botucatu, Brazil, 2APTA Regional, Brotas, Sao Paulo, 
Brazil, 3FAPESP, Sao Paulo, Brazil.

The effect of corn replacement with sorghum containing or not a com-
bination of exogenous protease (Ronozyme ProAct), xylanase (Rono-
zyme WX) and phytase (Ronozyme HiPhos) on broiler performance 
was evaluated. A total of 1,116 male Cobb-500 broiler chicks were 
randomly assigned to 6 dietary treatments and 6 replicates per treat-
ment with 3 levels of corn replacement with sorghum (0, 50, and 100%) 
and inclusion or not of exogenous enzymes. All diets were formulated 
to meet broiler requirements and were isocaloric and isonutritive. 
Enzyme products were included at levels of 200, 150, and 100 ppm of 
complete feed for protease (75,000 PROT/g), xylanase (1,000 FXU/g) 
and phytase (10,000 FYT/g), respectively. Weight gain, feed intake and 
feed conversion ratio were determined at day-42 post-hatch. Data were 

analyzed using a 3 × 2 factorial arrangement by GLM procedure of SAS. 
Inclusion of protease, xylanase, and phytase in diets improved weight 
gain (P < 0.05) but no differences were observed for feed conversion 
ratio (P > 0.05). Interaction between sorghum level and enzyme inclu-
sion was observed on feed intake (P < 0.01). Broilers fed diets without 
exogenous enzymes inclusion presented reduced feed intake when 50% 
of corn was replaced with sorghum compared with 0% replacement. 
However, without exogenous enzymes, feed intake of broilers fed diets 
with 100% corn replacement with sorghum did not differ from 0% and 
50% corn replacement with sorghum. Feed intake was enhanced when 
exogenous enzymes were included to diets containing 50% corn replace-
ment with sorghum. Therefore, 100% corn replacement with sorghum 
did not impair broiler performance and exogenous protease, xylanase 
and phytase improved weight gain at day-42 post-hatch.

Key Words: performance, phytase, protease, sorghum, xylanase

374P   Effects of nutrient variability in corn associated with 
geographical location and xylanase inclusion on energy utiliza-
tion and volatile fatty acid profiles. J. Pieniazek*1, M. P. Williams1, 
T. A. Wickersham2, H. V. Masey O’Neill3, T. York4, and J. T. Lee1, 
1Poultry Science Department, Texas AgriLife Research, Texas A&M 
University, College Station, TX, 2Animal Science Department, Texas 
AgriLife Research, Texas A&M University, College Station, TX, 3AB 
Vista Feed Ingredients, Marlborough, United Kingdom, 4AB Vista 
Feed Ingredients, Chesterfield, MO.

The objective of this study was to determine the effect of corn source 
and xylanase addition on nutrient digestibility, volatile fatty acid (VFA) 
profiles, and the interaction between these 2 factors. Six samples of corn 
were obtained from 6 regions of the US to represent the variability in 
corn available to feed manufacturers. Corn and soy-based diets were 
fed in 3 dietary phases: starter (d 0–18), grower (d 19–31) and finisher 
(d 32–41). The 12 treatments were derived using corn source as the 
variable, with each corn diet being fed with or without xylanase at 
16,000 BXU/kg. The diets were fed to 2160 broilers with 10 replicates, 
each containing 18 birds per treatment from 0 to 41d of age. On d 18 
and 41, ileal and fecal contents were collected and pooled per replicate 
pen for the determination of ileal digestible energy (IDE), energy and 
nitrogen digestibility coefficients (IEDC and INDC), and nitrogen cor-
rected apparent metabolizable energy (AMEn). Cecal and large intestine 
contents were collected simultaneously for the determination of VFA 
profiles in the ileum, large intestine, cecum, and fecal contents. Data 
were analyzed via a 6 × 2 factorial ANOVA. Corn source influenced 
IEDC and INDC for both days of sampling. A range of 152 and 213 
kcal/kg for IDE was observed on d 18 and 41, respectively (P = 0.005 
and 0.001). The range of AMEn for the 6 corn sources was 175 kcal/
kg on d 18 of age and increased to a difference of 192 kcal/kg on d 
41 of age. Additionally, INDC was influenced by corn source with an 
observed range of 4.4 and 6.1% on d 18 and 41, respectively, among all 
corn sources (P < 0.05). Inclusion of xylanase increased (P = 0.031) the 
concentration of butyrate in the cecum on d 18. Corn source influenced 
fecal isobutyrate concentration (P = 0.002), isobutyrate percentage (P 
= 0.022), and ileal isovalerate concentration (P = 0.05). On d 41, an 
interaction between corn source and xylanase inclusion was observed 
with isovalerate percentage in the cecal contents (P = 0.038). This is 
evident that varying nutrient profiles of corn and xylanase inclusion 
influence nutrient digestibility and VFA profiles.

Key Words: broiler, xylanase, digestibility, energy, VFA
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375P   Effects of dietary supplementation of Allzyme SSF on 
the performance of boiler chicks fed different types of diet. T. 
Ao*, K. McKinney, L. M. Macalintal, M. A. Paul, A. J. Pescatore, 
A. H. Cantor, M. J. Ford, and K. A. Dawson, Alltech-University of 
Kentucky Nutrition Research Alliance, Lexington, KY.

Allzyme SSF is a naturally fermented product with multiple enzyme 
activities including carbohydrase, protease and phytase. A study was 
conducted to investigate the effect of supplementing Allzyme SSF 
in diets containing alternative feed ingredients with varying nutrient 
densities on the performance of broiler chicks. A 2 × 3 factorial dietary 
treatment structure was used with 2 enzyme levels: no enzyme or + 
0.02% Allzyme SSF and 3 types of diet: corn-soy diet with low nutrient 
density; corn-soy-DDGs diet with normal nutrient density; corn-soy-
DDGs diet with low nutrient density. The normal nutrient density diet 
contained 3050 Kcal ME/kg, 22% CP, 0.45% available P and 1.0% Ca 
while the low nutrient density diet was designed to contain 75 kcal/kg 
less ME, 2.0% less CP and 0.1% less Ca and available P. A total of 288 
1-d old chicks were randomly assigned to 6 dietary treatments with 8 
replicate groups of 6 chicks. The chicks were raised in pullet cages in 
an environmentally controlled room for 21d with free access to feed and 
water. Data were subjected to ANOVA for a 2 × 3 factorial design using 
the linear model of Statistix V. 9. Mean differences were determined 
using Fisher’s LSD test. No interactive effects were detected between 
the 2 factors. Chicks fed the low nutrient corn-soy diet had lower (P 
< 0.01) weight gain and gain to feed ratio during both the 1–14d and 
1–21d periods compared with those fed normal nutrient density DDGs 
diet. Chicks fed the low nutrient DDGs diet had lower (P < 0.01) 
weight gain and gain to feed ratio compared with those fed low nutri-
ent corn-soy diet. Dietary supplementation of Allzyme SSF increased 
(P < 0.01) gain to feed ratio of chicks during entire 21d period. Data 
from this trial indicate that supplementation of Allzyme SSF in both 
corn-soybean meal diet and corn-soy-DDGs diet can improve growth 
performance of broiler chicks.

Key Words: broiler chick, performance, DDGs, Allzyme SSF, 
enzyme

376P   Effect of NSPase on growth performance, ileal digest-
ible energy, and intestinal viscosity of male broilers fed a reduced 
energy diet. R. E. Latham*, M. P. Williams, K. Smith, and J. T. Lee, 
Texas A&M University, College Station, TX.

An experiment was conducted to investigate the effect of NSPase 
(Enspira) inclusion on male broiler growth performance, energy digest-
ibility, and intestinal viscosity in reduced energy diets. A randomized 
complete block designed study included 3 treatment groups with 15 
replicates of 40 male broilers per replicate for a 49-d experiment for 
a total placement of 1,800 broilers. The 3 dietary treatments included 
a positive control (PC) diet, a negative control (NC) diet (−97 kcal/
kg in AME), and NC + NSPase (350 U/kg of xylanase). Corn and soy 
based diets were fed in 3 dietary phases. Diets were transitioned after 
each bird received 0.45 kg/bird of starter, 1.80 kg/bird of finisher, and 
withdrawal for the remainder of the growout. Growth performance was 
monitored on a weekly basis and ileal contents collected on 17 and 37 
d of age to determine ileal digestible energy and intestinal viscosity. 
Titanium dioxide was used as an indigestible marker for the determi-
nation of ileal digestible energy. Ileal contents were centrifuged and 
supernatant collected for viscosity determination using a Brookfield cone 
and plate viscometer. The data were analyzed via a one-way ANOVA 
and separated with Duncan’s multiple range test at P = 0.05. The PC 
treatment maintained significantly higher average body weight when 
compared with the NC diet through 42 d of age (P < 0.05) indicating 

that the reduction in energy was sufficient to reduce body weight. The 
inclusion of NSPase achieved similar body weight to the PC through d 
28. Reduction in dietary AME increased (P < 0.05) cumulative mortal-
ity corrected FCR in the NC diet as compared with the PC throughout 
the experiment. Inclusion of NSPase significantly improved FCR (P 
< 0.05) as compared with the NC diet through the first 2 wk. No dif-
ferences were observed in intestinal viscosity. Improved performance 
could be contributed to a 111 kcal/kg increase in ileal digestible energy 
as compared with the NC diet. The inclusion of NSPase improves body 
weight and FCR of broilers when fed reduced energy diets.

Key Words: broiler performance, ileal digestible energy, DDGS

377P   Improving broiler performance in reduced-energy diets 
with exogenous enzymes. J. Fowler, A. M. Alsadwi*, M. Hashim, 
R. A. Abdaljaleel, and C. A. Bailey, Texas A&M University System, 
College Station, TX.

Rising prices for calorie-sources in poultry diets can be potentially 
offset by coupling the inclusion of exogenous enzymes with a reduc-
tion in the energy content of the diet. This study evaluates the inclusion 
of 2 commercially available enzyme formulas (Dyadic International 
Inc.) when included in a full-term (45 d) broiler feeding program with 
reduced energy. A total of 640 Ross-308 broiler chicks were randomly 
distributed among forty 6’ × 6’ floor pens (16 birds per pen). Four dietary 
treatments were assigned to pens such that each would be represented 
equally from east to west across the rearing facility. This study utilized 
a 4-phase rearing program (16-d starter, 14-d grower, 6-d finisher, and 
9-d withdrawal). All feeds were fed as a crumble for the first phase 
and as a pellet thereafter. All but the withdrawal diets contained sali-
nomycin. The negative control (NC) basal diets were formulated as a 
148 to 157 kcal/kg reduction (relative to the positive control, PC) by 
replacing fat with diatomaceous earth in all phases. The NC diets were 
then sub-divided into 3 treatments. Enzyme formula 1 was a xylanase, 
amylase, and protease cocktail, and formula 2 was a single fermenta-
tion product with xylanase, cellulase, and β-glucanase activities. Body 
weight and feed consumption were collected at the end of each phase 
and a broiler productivity index was calculated. Data were analyzed as 
a one-way ANOVA, and significant means were separated using Dun-
can’s multiple range tests (P ≤ 0.05). There were no differences (P > 
0.05) between treatments in the starter phase. By the end of the grower 
phase, the reduced energy NC treatment had lower (P < 0.05) BW when 
compared with the PC. There was an increase in FCR (P < 0.05) with 
the NC treatment, and both enzyme diets had similar FCR to the PC. In 
the finisher and withdrawal phases, the BW of formula 1 was signifi-
cantly higher (P < 0.05) than the NC treatment, comparable to the BW 
of PC. Formula 2 was intermediate, different from neither NC nor PC. 
The productivity index at termination showed that, overall, the energy 
reduction significantly reduced broiler performance (P < 0.05) and both 
enzyme treatments were sufficient to recover this loss in performance.

Key Words: enzyme, energy, broiler

378P   Combined effect of near infrared spectroscopy and 
carbohydrases on performances of broilers fed two qualities of 
wheat-based diets. R. N. Montanhini*1, M. Francesch2, F. Rouff-
ineau1, C. Gady1, and A. Preynat1, 1Adisseo France SAS, Commentry, 
France, 2IRTA, Constantí, Spain.

This study was carried out to evaluate the combination effect of near 
infrared spectroscopy (NIRS) and the addition of non-starch polysaccha-
ride (NSP) enzymes on growth performance of broilers fed wheat-based 
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diets. A completely randomized block design with a 2 × 2 × 2 factorial 
arrangement of treatments and their interactions was used, evaluat-
ing the carbohydrase effect (Rovabio Excel LC), the wheat/soybean 
meal quality (low or standard) and the formulation’s nutritional matrix 
(INRA’s tables or NIRS values). Diets without enzyme supplementa-
tion were formulated to address nutritional requirements, whereas diets 
with enzymes were reformulated with 85 kcal less of AME/kg of feed. 
Diets were fed ad libitum to Ross 308 male broilers (7 replicates × 40 
birds per pen). The LS means were separated using Fisher’s LSD test. 
On the overall period (35 d), considering table formulated diets, BWG 
and FCR of broilers fed low quality were significantly mitigated (−3.4 
and 4.7%) compared with animals fed standard quality, and without 
affecting FI. The utilization of NIRS values significantly increased FI 
and BWG in both diets. BWG improved better when low quality diet 
was used: 13% vs. 6% for standard quality. The NIRS specifications 

only improved FCR on low quality diets (−5.3%; interaction quality × 
formulation, P < 0.01). Whatever the formulation matrix, the addition 
of enzymes on reformulated diets significantly increased the BWG 
(6%) and FI (7.3%) only on standard quality diet. FCR was improved 
by enzyme addition only on low quality diet (−1.3%; interaction quality 
× enzyme, P < 0.03). In conclusion, on standard quality diets, enzymes 
partially compensated energy reduction, whereas with low quality diets 
the enzymes had a potential above the 85 kcal considered. The use of 
nutrient values coming from NIRs improved performances for both 
quality diets, but with higher gain in the case low quality ingredients. 
The best performance and economical profitability was obtained when 
NIRS values and NSP-enzymes were combined (186 USD/t of birds).

Key Words: NSP enzyme, broiler, NIRS, ingredient quality, nutri-
tional matrix
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379P   Effect of lipid sources, lysophospholipids and organic 
acids addition on microbiology of jejunal digesta of broilers at 
starter phase. G. V. Polycarpo*1, S. R. L. Maganha1, F. S. Munin1, 
M. F. C. Burbarelli1, A. C. P. Carão1, P. A. P. Ribeiro1, C. E. B. 
Merseguel1, K. S. Andrade1, J. C. Dadalt1, S. Rodrigues2, J. A. D. 
Fávero2, R. L. M. Sousa1, V. C. Cruz-Polycarpo3, and R. Albuquer-
que1, 1University of São Paulo, Pirassununga, Brazil, 2Kemin South 
America, Indaiatuba, São Paulo, Brazil, 3São Paulo State University, 
Dracena, Brazil.

The metabolizable energy values varies depending on the quality of 
lipid sources, which may be better or worse utilized. The low utilization 
provides substrate for development of undesirable intestinal microflora. 
Additionally, the growth of unwanted bacteria in gut affect the absorption 
of lipids, generating a retroactive cycle. Therefore, the aim of this study 
was to evaluate diets containing different lipid sources supplemented or 
not with lysophopholipids and organic acids on the jejunal microbiology 
of broilers. Male Cobb chicks were allotted in a completely randomized 
design featuring a 2 × 2 × 2 factorial arrangement: soybean oil or beef 
tallow and suplemented with or without lysophospholipids and organic 
acids, with 8 replications. At 14 d, samples shaved from jejunum of 
one bird were collected. Esculin bile acid, Brewer and MacConkey 
media were used to isolate gram-positive cocci, total anaerobes and 
enterobacteria, respectively. The unit of measure used was cfu / log10. 
The diets were corn and soybean meal-based. The lysophospholipids 
were composed mainly of lysolecithins, which is an emulsifier pro-
duced from soybean lecithin by the enzyme phospholipase A2 activity. 
The composition of organic acids was: lactic (40%), acetic (7%) and 
butyric acid (1%). There was an interaction (P = 0.0443) between lipid 
sources and lysophospholipids inclusion on gram-positive cocci. In 
diets without lysophospholipids, soybean oil presented lower amounts 
of gram-positive cocci than beef tallow (3.766 vs. 7.239, P = 0.0020). 
However, the lysophospholipids presence was effective in diets with 
beef tallow (4.997 vs. 7.239, P = 0.0410), providing in these diets the 
same results of diets with soybean oil and lysophospholipids (4.997 vs. 
4.643, P > 0.05). The total anaerobes were found in smaller quantity in 
diets containing soybean oil, regardless of additives inclusion (7.215 vs. 
8.483, P = 0.0006). There was no presence of enterobacteria in samples. 
In conclusion, diets with soybean oil provide a lower microbial growth 
in the jejunum of broilers, whereas the addition of lysophospholipids 
decreases the presence of gram-positive cocci in diets with beef tallow.

Key Words: tallow, soybean oil

380P   Dietary fructooligosaccharide supplementation as an 
antibiotic alternative on growth performance, intestinal morphol-
ogy and immune responses of broiler chickens. Y. Shang*1, J. H. 
Kim2, and W. K. Kim3, 1Department of Animal Science, University 
of Manitoba, Winnipeg, MB, Canada, 2Poultry Science Division, 
National Institute of Animal Science, Chungnam, Republic of Korea, 
3Department of Poultry Science, University of Georgia, Athens, GA.

A study was conducted to investigate the effect of dietary fructooligosac-
charide (FOS) supplementation as an alternative to antibiotics on growth 
performance, small intestine morphology, lymphoid organ weight and 
splenic cytokine gene expression of broiler chickens. A total of 180 
day-old-male Ross 308 chicks were randomly allocated to 3 dietary 
treatments (n = 60) including (1) positive control (PC), a wheat-corn-
soybean meal based diet according to the NRC requirement; (2) negative 

control (NC), as PC without antibiotics virginiamycin and monensin; 
and (3) NC+FOS, as NC supplemented with 0.5% of FOS. On d 21, 
segments of duodenum, jejunum and ileum were collected for intestinal 
morphology measurement, and the bursa of Fabricius and spleen were 
excised for lymphoid organ weight measurement. The expression of 
interleukin (IL)-1β, IL-2, IL-6, IL-10, IL-18, toll-like receptor (TLR)-4 
and interferon (IFN)-γ were determined using quantitative real-time 
polymerase chain reaction (qRT-PCR) from spleen tissues. Feed intake, 
BW gain, feed conversion ratio and mortality did not exhibit significant 
difference among the treatments during the entire experimental period. 
Relative weight of the bursa was over 0.2% of BW among all treat-
ments. No significant difference was observed on relative lymphoid 
organ weight. Villus height, crypt depth and total mucosa thickness were 
significantly increased (P < 0.05) in the ileum of broiler chickens fed 
NC+FOS, whereas no difference was seen in duodenum and jejunum. 
The expression of splenic IL-18 was 2.4 and 2.0 fold upregulated in 
chickens fed NC and NC+FOS, respectively, when compared with PC 
(P = 0.02). The NC+FOS diet also elevated splenic IL-1β expression 
by 4.8 fold when compared with PC (P = 0.03). However, IL-2, IL-6, 
IL-10, TLR-4, and IFN -γ resulted in no statistical difference among 
dietary treatments. In summary, FOS supplementation improved ileal 
mucosa thickness and structure. It also demonstrated protective effects 
on immune responses of broiler chickens when supplemented as a 
dietary antibiotic alternative.

Key Words: fructooligosaccharide, antibiotic alternative, intestinal 
morphology, immune response, broiler chicken

381P   The effects of Varium on broilers. S. Ching*1, S. L. John-
ston1, F. Chi1, B. S. Lumpkins2, G. F. Mathis2, and R. L. Cravens1, 
1Amlan International, Chicago, IL, 2Southern Poultry Research, 
Athens, GA.

Six hundred forty day-old chicks (Cobb × Cobb) were used in an experi-
ment to evaluate the effects of new products on growth performance 
broilers. Tested products were (1) the product Varium (V); (2) a prod-
uct with the same ingredients but at different concentrations than the 
Varium (PV) formula; and (3) BMD. The Varium products are a blend 
of a processed calcium montmorillonite blended with a fermentable 
fiber and an organic acid. There were 4 treatments: (1) Control (C); 
(2) C+PV at 0.25%; (3) C+V at 0.25%; and (4) C+ BMD at 50 g/ton. 
There were 8 pens of chicks per treatment with 20 chicks in each floor 
pen. Data was analyzed using the Student’s t-test. Chicks had ad libitum 
access to feed and water. The trial lasted 42 d and weights of birds and 
feeders were conducted on d 19, 35, and 42 for calculation of weight 
gain and feed conversion. Diets were changed at weigh dates. At d 19 
there was no difference between treatments for weight gain (P > 0.05); 
however, by d 35 weight gain of birds fed any product was higher (P 
< 0.05) than for those fed the control. Birds fed diets with BMD had 
higher wt gain than those fed PV (P < 0.05) with those fed V having 
weight gain that was not different (P > 0.05) than either BMD or PV. At 
42 d the birds fed V had higher weight gain than birds fed the control 
(P < 0.05), and equal to those fed BMD (P > 0.05). Feed conversion 
was improved by BMD at d 19 (P < 0.05), whereas those fed the diet 
containing V were not different (P > 0.05) than C or BMD. On d 35, 
both V and BMD birds had better feed conversion than the control (P 
< 0.05) but were not significantly different than each other (P > 0.05). 
At d 42, feed conversion was better when any of the products were 
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added compared with the birds fed the control diet (P < 0.05). Overall 
feed conversion was better for the birds fed the V formula (P < 0.05) 
compared with the PV formula while BMD was not different than the 
V or PV formula (P > 0.05). Feeding Varium to broilers can improve 
weight gain and feed conversion.

Key Words: broiler, feed conversion, weight gain

382P   Effect of conjugated linoleic acid and lutein on growth 
performance and immune response of broiler chickens dosed 
with lipopolysaccharide. M. L. Moraes*1,3, A. M. L. Ribeiro1, E. 
Santin2,3, and K. C. Klasing3, 1Universidade Federal do Rio Grande 
do Sul, Porto Alegre, Brazil, 2Universidade Federal do Paraná, Curi-
tiba, Brazil, 3University of California, Davis.

This study investigated the effects of conjugated linoleic acid (CLA) and 
lutein on growth performance and immune response of broiler chickens 
subjected to an immune challenge using Salmonella LPS. Cobb chicks 
(360; 1 to 22 d of age) were allotted to a 3 × 2 factorial arrangement 
of CLA (0, 1, and 2%) and lutein dietary levels (0 and 50 mg/kg). At 
d 8 and 15, birds were injected with bovine serum albumin (BSA) for 
assessment of IgY production, and at d 20, with LPS. Samples of liver, 
spleen and duodenum were collected at 3 and 16 h post-LPS challenge 
for rtPCR analysis of RXRα, RXRγ, PPARα, PPARγ, TLR-4, IL-1β, 
IL-2, IL-10, IL-12 gene expression quantification. Growth data indicated 
that there was an interaction between CLA and lutein: CLA promoted 
poorer results for BW, BWG and feed efficiency from d 1 to 20, but 
this effect was reversed when lutein was included in the 1% CLA diet 
(P < 0.05). The LPS increased (P < 0.01) the liver:BW ratio at 3 h 
post-injection and decreased (P < 0.01) the BWG at 3, 16 and 40 h, but 
this responses were not affect by the dietary treatments. Production of 
IgY against BSA was increased (P < 0.05) in the group fed 2% CLA. 
Lutein decreased (P < 0.05) nitric oxide in the plasma at d 21. LPS 
downregulated (P ≤ 0.08) PPARα mRNA in the duodenum and liver, 
and PPARγ and RXRα in the spleen, but these effects were not reversed 
by CLA or lutein as it was first hypothesized. While LPS upregulated (P 
≤ 0.09) IL-1β and IL-12 mRNA expression, lutein decreased (P ≤ 0.07) 
these pro-inflammatory cytokines in the liver. Lutein also decreased (P 
≤ 0.09) splenic and hepatic TLR-4 mRNA. Increasing dietary CLA to 
2% increased (P ≤ 0.1) hepatic RXRα mRNA. These findings suggest 
that CLA and lutein were anti-inflammatory and CLA also had beneficial 
effect on the humoral immune system when included in the diet at 2%. 
The dietary CLA decreased performance, but this effect was reversed 
when lutein was included.

Key Words: broiler, CLA, immune response, lutein, performance

383P   Effect of grape proanthocyanidin supplementation on 
performance, immune functions, and redox status of broilers 
challenged with Eimeria tenella. J. Y. Yang, H. J. Zhang*, J. Wang, 
H. Y. Yue, S. G. Wu, and G. H. Qi, Feed Research Institute of Chi-
nese Academy of Agricultural Sciences, Beijing, China.

A study was conducted to determine the effect of grape proanthocyanidin 
(GPC) on performance, immune functions and redox status of broilers 
challenged with Eimeria tenella. Three hundred fifty day-old Cobb-500 
chickens were randomly divided into 5 groups: positive control (0 mg/
kg GPC), negative control (0 mg/kg GPC), low-dose group (7.5 mg/kg 
GPC, L), middle-dose group (15 mg/kg GPC, M), and high-dose group 
(30 mg/kg GPC, H). On d 14, negative control and GPC supplemented 
groups were infected by 5 × 104 Eimeria tenella via oral administration, 

while positive control by the same volume of saline. All chickens were 
fed corn-soybean meal diet. Each treatment consisted of 6 replicates 
with 10 birds each. The results showed (1) the growth parameters in 
all groups had no difference before infection (P > 0.05), but GPC 
supplementation in L and M groups improved ADG and reduced FCR 
(P < 0.05) compared with negative control; (2) GPC at any level could 
reduce bloody excrement on the 5th day post infection (PI) and oocyst 
output on the 7th day PI (P < 0.05), and remit lesion damage; (3) GPC 
in L and M groups increased total antioxidant capacity and total SOD 
activity, and decreased malondialdehyde level in plasma on d 8 and 
d 14 PI (P < 0.05); (4) L and M groups lowered plasma nitric oxide 
(NO) content and inducible nitric oxide synthase (iNOS) activity on 
d 8 PI than the negative control (P < 0.05); (5) GPC supplementation 
increased lysozyme content on the 8th and 14th day PI (P < 0.05); (6) 
GPC in L and M groups increased NO and IFN-γ levels, iNOS activity, 
and gammadelta T cell percent in intestinal mucosa on d 8 PI (P < 0.05). 
Overall, GPC can relieve oxidative stress and inflammatory response, 
and increase plasma lysozyme content after infection; furthermore, 
GPC might increase gammadelta T cell percent and activate them to 
release cytokine to modulate immune under Eimeria tenella challenge.

Key Words: grape proanthocyanidins, performance, immune func-
tion, redox status, broiler

384P   Effects of experimental direct-fed microbial (DFM) for-
mulations on broiler performance in a challenge study. S. Moore1, 
J. Rubach1, V. Mani*1, G. Mathis2, and M. Poss1, 1Kemin Industries, 
Inc., Des Moines, IA, 2Southern Poultry Research, Athens, GA.

A 28 d battery cage study was conducted to evaluate the effects of 
experimental direct-fed microbial (DFM) formulations on mortality 
and performance in broilers artificially infected with Clostridium per-
fringens. Cobb 500 × 500 male broiler chicks (448) used in the study 
were assigned to 8 treatments with 8 replications per treatment and 8 
birds per cage. Birds in treatments (T) 2 to 8 were inoculated with 5,000 
oocytes of Eimeria maxima on d14 of the trial. On d19 and 20, the 
same birds were orally inoculated with 1.00E+E8 cfu/mL Clostridium 
perfringens. Necrotic enteritis lesion scoring of the intestine, mortality 
due to necrotic enteritis, and selected performance parameters were 
evaluated. On d 21, all DFM treatments resulted in mortality levels 
that were similar to bacitracin methylene disalicylate (BMD) (P > 0.05) 
with T5 (Bacillus subtilis PB6 (PB6) + B. coagulans (BC) + calcium 
carbonate), T6 (PB6 + green tea extract (GTE)), T7 (PB6 + BC + GTE) 
and T8 (PB6 + BC + mannan oligosaccharide (MOS)) lower than T2 
(infected/not treated) (P < 0.01). In addition, T5, T6 and T7 were not 
different from T1 (not infected/not treated) (P > 0.05). Interestingly, 
the severity of intestinal lesion scores did not correlate with mortality 
levels. During the infection period (d14–21), T5 and T7 resulted in the 
lowest feed:gain and were lower (P < 0.01) than T1 and T2. Weight gain 
(WG) in T7 was the highest of all infected birds (P < 0.05). Over the 
entire trial (d0–28), T5 resulted in the lowest feed:gain of all infected 
birds (P < 0.01) while T7 showed the highest numerical WG of all DFM 
treatments and was statistically not different (P > 0.05) from BMD. In 
summary, in a Clostridial challenge model, the data indicate that the 
combination of Bacillus subtilis PB6 and Bacillus coagulans with or 
without GTE could provide reduced mortality due to necrotic enteritis 
and improved feed:gain in broilers.

Key Words: direct-fed microbial, feed:gain, necrotic enteritis, Bacil-
lus subtilis PB6, Bacillus coagulans



131Poult. Sci. 93(E-Suppl. 1)

385P   Effect of garlic essential oil supplementation on perfor-
mance, nutrients digestibility, lipids profile, cecal metabolites and 
ileal microbial population in broiler chickens. H. Hashemipour* 
and V. Khaksar, Ferdowsi University of Mashhad, Khorasan Razavi, 
Iran.

This trial was conducted to evaluate the effect of garlic essential oil 
(GEO) at 3 levels (0, 150, and 300 mg/kg diet) on performance, nutri-
ents digestibility, lipids profile, cecal metabolites and ileal microbial 
population in Ross-308 male broiler chickens. Each of the 3 diets was 
fed to 6 replicates of 15 chicks each from d 0–42 in 3 diet phases (0–10, 
11–24 and 25–42 d). On d 18 of experiment, 3 birds per replicate were 
used in a metabolic trial to determine nutrients digestibility. On d 10, 
24, and 42 d of age, the growth performance was evaluated by recording 
live body weight, feed intake and FCR. On d 24 and 42 of the experi-
ment, 2 birds per replicate were selected and their blood samples were 
collected from the wing vein and serum HDL, LDL, triglycerides and 
cholesterol were determined by an enzymatically method. These birds 
were also considered for assessing the ileal microbial population and 
volatile fatty acids concentration. The inclusion of GEO enhanced (P 
< 0.05) FCR and body weight gain, but had no effect on feed intake 
compared with control birds. The digestibility of dry matter, crude 
protein and ether extract were improved (P < 0.05) by feeding GEO on 
d 24. Addition of 300 mg/kg of GEO to the diet increased (P < 0.05) 
HDL level and decreased (P < 0.05) cholesterol, triglycerides, LDL on 
d 24 and 42. Supplementation with GEO showed a higher proportion 
of cecal acetic and propionic acids on d 24. Ileal microbial population 
was improved by the GEO in terms of the increment and reduction in 
the population of Lactobacillus and Escherichia coli, respectively on d 
24 and 42. Thus, this research suggests that feed supplementation with 
garlic essential oil improved nutrients digestibility and ileal microbial 
composition which can clarify the enhanced performance through the 
administration of GEO to the diet of broilers.

Key Words: garlic essential oil, performance, nutrient digestibility, 
intestinal microbiota, broiler

386P   Evaluating the impact of dietary mannan-oligosaccha-
rides (MOS) on broiler performance and intestinal microflora. R. 
A. Silva*, H. M. Yakout, W. Zhai, M. B. Farnell, C. S. Sharma, C. D. 
McDaniel, and A. S. Kiess, Mississippi State University, Mississippi 
State, MS.

Mannan-oligosaccharides (MOS) are a mixture of carbohydrates and 
proteins derived from the cell wall of Saccharomyces cerevisiae that 
provide the intestine with valuable nutrients for beneficial bacteria while 
competitively excluding intestinal pathogens. A study was conducted 
to evaluate if MOS-products would affect performance and intestinal 
microflora of broilers. A total of 800, day-old male Ross × Ross 708 
broilers were placed on used litter in 50 floor pens (5 treatments, 10 
replicate pens/ treatment, 16 chicks/ pen). Dietary treatments consisted 
of (1) a basal diet + 0% MOS (negative control), (2) basal diet + MOS 
product 1 (2 lbs/ton in starter diets and 1 lb/ton in grower and finisher 
diets; positive control), (3) basal diet + MOS product 2 (2 lbs/ton in 
starter diets and 1 lb/ton in grower and finisher diets), (4) basal diet + 
MOS product 2 (0.8 lbs/ton in starter diets and 0.4 lb/ton in grower and 
finisher diets), (5) basal diet + MOS product 2 (0.4 lbs/ ton in starter 
diets and 0.2 lb/ton in grower and finisher diets). Feed and BW were 
weighed at 0, 14, 28, and 42 d. On those same days, 1 bird per pen was 
euthanized, the distal ileum was removed and Lactobacillus and total 
coliforms were isolated from 1 g of the ileal tissue with gut contents. 
Lactobacillus and total coliforms were cultivated on de Man, Rogosa, 
Sharpe or eosin methylene blue media plates under appropriate incuba-

tion temperatures and environments, respectively. Results indicated that 
regardless of dietary MOS supplementation level BW, feed consumption, 
feed conversion ratio, ileal coliforms, or ileal Lactobacillus levels were 
not significantly affected across all evaluated experimental time periods. 
However, correlation analysis revealed that ileal coliforms increased 
(P < 0.05) as BW increased at 28 d (r = 0.28), but decreased at 42 d 
(r = −0.27). In conclusion, MOS supplements had no effect on broiler 
performance or intestinal bacteria.

Key Words: broiler, performance, microflora, mannan-oligosaccha-
rides, prebiotic

387P   Supplementation of citric and benzoic acids on the 
morphometry of the intestinal mucosa of broiler chickens. V. C. 
Cruz-Polycarpo1, I. L. Saes1, G. V. Polycarpo*2, R. L. Saes1, J. B. 
Freschi1, A. Barbieri1, R. V. Ferreira1, T. S. Santos1, and R. G. A. 
Cardoso1, 1São Paulo State University, Dracena, Brazil, 2University 
of São Paulo, Pirassununga, Brazil.

The Brazilian poultry industry has undergone major changes due to 
different factors: genetic-edge, new technologies application in rela-
tion to the ambience, efficient management and proper nutrition. Since 
prohibition of the use of antibiotics as growth promoters, other addi-
tives have been studied, among them, the organic acids. This research 
was conducted to evaluate the effects of the inclusion of isolated or 
associated organic citric acid and benzoic acid in feed for broilers, their 
influence on the intestinal morphology was observed. Four treatments 
have been used: T1: control treatment: diet formulated without added 
organic acids; T2: diet with inclusion of citric acid; T3: diet with inclu-
sion of sodium benzoate; T4: diet containing a mixture of citric acid and 
sodium benzoate. 840 male Cobb strain chicks with one day old were 
used, distributed in a completely randomized design featuring a 2 × 2 
factorial arrangement (citric acid supplementation or not and sodium 
benzoate supplementation or not) with 7 replications. It was analyzed 
intestinal morphology data obtained for the period from 1 to 21 and 1 to 
42 d of age: villus height (VH), villus width (VW) and crypt depth (CD) 
of the duodenum and jejunum. Resulting data were analyzed by SAS 
(2008) and subjected to ANOVA by PROC MIXED at 5% significance. 
When necessary, the differences between treatments were analyzed by 
Tukey test. The results of this study showed that at 21 d of age there 
was interaction between the mixture of citric acid and benzoic only for 
VH in the portion of jejunum (P = 0.0456). Broiler chickens supple-
mented with benzoic acid alone showed higher VH jejunum than broiler 
supplemented with both acids. There was a significant effect of citric 
acid to VW (P = 0.0026) and CD (P = 0.0119) jejunum at this age. At 
42 d of age there was effect of the use of citric acid (P = 0.0209) only 
for the variable CD duodenum. It may be concluded from this research 
that at 21 d of age, only the jejunum of broiler chickens is influenced 
by the use of organic acids and, at 42 d of age only the CD duodenum 
of poultry undergoes changes when administered citric acid specifically.

Key Words: additives, intestinal morphology, organic acids, poultry

388P   Bixin from annatto (Bixa orellana L.) as a natural anti-
oxidant on broiler meat products. F. G. Luiggi*1,3, E. O. Oviedo-
Rondón3, A. M. C. Racanicci2, D. L. Migotto2, C. B. Lima2, G. R. 
Oliveira2, G. N. Soares2, T. C. Souza2, J. R. Sartori1, and M. M. P. 
Sartori1, 1Universidade Estadual Paulista, Faculdade de Medicina 
Veterinária e Zootecnia, Botucatu, São Paulo, Brazil, 2Universidade 
de Brasília, Brasília, Distrito Federal, Brazil, 3North Carolina State 
University, Raleigh, NC.
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Bixin is a carotenoid present in annatto seeds (Bixa orellana L.). An 
experiment was conducted with 900 Cobb broilers to evaluate the 
antioxidant capacity of bixin, and its effects on meat quality when 
added to broiler diets. Broilers were housed in floor pens, simulating 
common commercial conditions. A completely randomized design with 
6 treatments and 6 replicate pens (25 broilers/pen) was used. Treatments 
consisted of 0% (control), 0.05%, 0.10%, 0.15%, 0.20% and 0.25% of 
bixin added to basal diets through the bixin fat extract at 7% which was 
used to replace soybean oil. Diets were formulated without addition of 
synthetic antioxidant, and minimum levels of selenium and vitamin E. 
Broilers were slaughtered at 42 d of age to collect breast and leg meat, 
and abdominal fat. The lipid oxidation was measured by an accelerated 
testing model, based on thiobarbituric acid reactive substances. Inclu-
sion levels of 0.05% of bixin resulted in reduced oxidation (P < 0.05) 
of breast meat after 4 d of storage (−2°C). In the leg meat, higher levels 
of bixin (0.25%) were required to prevent oxidation effects (P < 0.05), 
possibly due to the greater amount of fat and different muscle type. In 
the abdominal fat no effect of treatments (P > 0.05) was observed. It 
was concluded that bixin can be used as a natural antioxidant in broiler 
meat products, but further studies are needed to determine the best 
inclusion level.

Key Words: antioxidant, carotenoid, feed aditive, meat quality, 
poultry

389P   Effect of Biostrong 510 and anticoccidial program on 
growth performance, litter quality and foot pad score in broilers. 
K. W. Purser*1, C. L. Novak2, and L. Jungbauer3, 1Nutriquest, Mason 
City, IA, 2Purina Animal Nutrition, Kansas City, MO, 3Delacon, 
Steyregg, Austria.

Study objective was to determine the effect of the phytogenic feed addi-
tive Biostrong 510 (BSG) on performance, litter quality and foot pad 
score of broilers when implementing 2 different anticoccidial programs. 
A total of 2,160 straight-run 1-d-old Hubbard M-99 × Cobb 500 chicks 
were utilized in a 2 × 2 factorial design (48 pens, 45 birds per pen). 
BSG was fed at either 0 or 300 mg/kg complete feed in conjunction 
with an anticoccidial program of either spray vaccination (Coccivac-
B, 0.21 mL per chick, VAC) or anticoccidial drugs (amprolium at 125 
mg/kg in starter, deoquinate at 30 mg/kg in grower and no drug in the 
withdrawal, ACD). No antibiotics or other anticoccidials were used. 
Treatments were replicated in 12 blocks, randomized with blocks of 4 
pens each. All pens began with approximately 10 cm of built-up litter 
top-dressed with fresh pine shavings. Feed additives were added to 
an all-vegetable basal starter diet fed in crumble form from d 0 to 18 
and basal grower and withdrawal diets fed as pellets from d 18 to 30 
and 30 to 46, respectively. Response parameters over the 46-d trial are 
shown in Table 1. No main effect interactions were observed (P > 0.20). 

Birds fed ACD exhibited more desirable performance vs. VAC birds 
(P < 0.001). BSG addition improved weight gain, feed conversion (P 
< 0.001) and foot pad score (P = 0.02) with both programs. Litter from 
birds fed BSG tended to be dryer (P = 0.06). These results indicate 
BSG addition improved bird performance and foot pad score with both 
anticoccidial programs.

Key Words: broiler, phytogenic

390P   The effect of Aloapur (lactylate product) on growth per-
formance of 0- to 43-day-old broilers challenge with Clostridium 
perfringens. S. Powell*1, D. Melchior1, B. Boomsma2, and S. Kok2, 
1Cargill Animal Nutrition, Elk River, MN, 2Corbion, Gorinchem, the 
Netherlands.

Aloapur is a lactylate product that reduced viable Clostridium species 
in internal in vitro trials. Therefore, this experiment was conducted to 
evaluate the inclusion and efficacy of Aloapur in a corn-soybean meal 
diets for broilers (Ross 708) challenge with Clostridium perfringens. 
Treatments had 6 replications with 16 broilers per pen. The broilers 
were fed a 3 phase feeding program consisting of pre-starter (0–7 d) 
starter (7–21), and grower (21–43 d) periods. Treatment diets consisted 
of a positive control (PC; BMD), negative control (no additive), and 3 
levels of Aloapur (1, 2, and 4 kg/T). Growth response, feed intake, feed 
efficiency were measured on d 7, 14, 21, 28, 35, and 43. Breast weight 
and fat pad yield were measured on d 43 from 2 birds per treatment 
replicate. During the pre-starter period (0–7 d) there was no difference 
(P > 0.10) in ADG, ADFI, and FCR for birds fed all the treatments. 
During the starter period (8–21 d) during which the challenge was given 
there was no difference (P > 0.10) in body weight gain, feed intake or 
feed efficiency for birds fed all treatments. During the grower period 
(21–43 d) after the challenge there was a tendency for a linear effect for 
average daily gain (P = 0.119) and feed intake (P = 0.115) in birds fed 
increasing levels of Aloapur. Birds fed the 2 kg/T Aloapur had the highest 
feed intake and average daily gain. However, birds fed the antibiotic had 
better (P = 0.003) feed efficiency than birds fed the negative control, 1 
kg/T and 4 kg/T Aloapur. The birds fed the 2 kg/T Aloapur had similar 
feed efficiency to the birds fed antibiotic. On d 28 there was a linear 
(P < 0.043) and quadratic (P < 0.003) response on body weight to the 
inclusion of Aloapur. Similar quadratic (P < 0.026) response on body 
weight was observed on d 35 to the inclusion of Aloapur. On d 43 there 
was no difference (P > 0.10) in breast meat and fat pad yield for birds 
fed the different treatments. In conclusion birds fed the 2 kg/T Aloapur 
had similar feed efficiency to birds fed antibiotic (0–43 d) and a 6.18% 
higher body weight at d 35 compared with birds fed no additive.

Key Words: broiler, Aloapur, BMD, breast meat yield, Clostridium 
perfringens

Table 1 (Abstract 389P).

Item VAC only ACD only BSG+VAC BSG+ACD PSE P-BSG P-ACD

BWG, kg 2.43 2.55 2.50 2.59 0.01 <0.001 <0.001

FI, kg 4.38 4.51 4.40 4.51 0.03 0.81 <0.001

FCR 1.75 1.72 1.72 1.69 0.005 <0.001 <0.001

Litter score1 2.83 2.67 2.58 2.33 0.15 0.06 0.17

Pad score2 1.62 1.68 1.51 1.46 0.07 0.02 0.95
1Litter score, d 46:0 = extremely dry to 5 = extremely wet.
2Pad score, d 46: 0 = intact foot pads to 2 = severe lesions (>1 cm lesions).
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391P   Assessment of gastrointestinal microflora shifts in con-
ventional flock raised chickens fed with commercial prebiotics. 
S. I. Lee*1,2, S. H. Park1,2, and S. C. Ricke1,2, 1Cell and Molecular 
Biology Program, Department of Food Science, University of Arkan-
sas, Fayetteville, AR, 2Department of Food Science, University of 
Arkansas, Fayetteville, AR.

Prebiotics are referred as nondigestible food ingredients that can stimu-
late the growth of one or more beneficial bacteria in the gastrointestinal 
tract. Biolex MB40 is composed of brewers’ yeast cell walls that are 
obtained during the production of soluble brewers’ yeast extracts. The 
aim of this study was to evaluate the effects of prebiotics Biolex MB40 
on gastrointestinal tracts of conventionally raised chickens using a 
PCR-based denaturing gradient gel electrophoresis (PCR-based DGGE) 
technique. Chickens were randomly selected and distributed into 3 
groups; negative, positive and treatment group. A negative control (NC) 
group was fed a non-medicated feed, while treatment groups were fed 
either 0.05% antimicrobial growth promoter (PC, positive control, AGP, 
BMD50) or 0.2% Biolex MB40 (without AGP) respectively. At 1, 2, 4, 
and 6 wk, 10 chickens from each group were randomly selected for nec-
ropsy and the ceca were extracted for whole DNA isolation. According to 
the basic local alignment searching tool (BLAST) analysis of the PCR-
based DGGE, Bacteroides dorei and Bacteroides rodentium appeared in 
the negative control group 2- and 4-wk samples but were less frequent 
in the 6-wk samples. Both treatment groups (PC and MB40) exhibited 
similar patterns for the 4- and 6-wk samples. In the PC group, a partial 
16s RNA sequence of B. dorei was detected in the 2-wk sample, but 
appeared to decrease over time. Barnesiella viscericola was significantly 
increased in all groups at 4 wk, while Clostridiales group of Firmicutes 
were detected in all treatment groups. Proteobacterium speices was only 
observed in the PC group at 6 weeks. In conclusion, the MB40 treated 
group microbial populations appeared to be almost identical with the 
NC group after 4 wk, but the MB40 limited B. rodentium before 4 wk 
when compared with the NC group.

Key Words: prebiotic, DGGE, sequencing

392P   In vitro evaluation of hypocholesterolemic effect of 
candidate probiotics supplements in poultry feeding. S. N. 
Nahashon*1, K. Sri Harsha1, and A. K. Kilonzo-Nthenge2, 1Depart-
ment of Agricultural and Environmental Sciences, Tennessee State 
University, Nashville, TN, 2Department of Family and Consumer 
Sciences, Tennessee State University, Nashville, TN.

Probiotics are live microbial feed supplements that confer beneficial 
effects to the host, including changes in metabolic activities to the host’s 
benefit. We hypothesized that probiotics have the potential to sequester 
cholesterol, minimizing its concentration in poultry and poultry products. 
Increasing health concern and economic implications of high cholesterol 
is triggering a shift in selective choice of food that contains less fat and 
cholesterol. The aim of this study was to determine the potential for 
Lactobacillus acidophilus, Lactobacillus reuteri, and Bifidobacterium 
longum combined with the fructo-oligosaccharide Levan to consume 
cholesterol in de Man, Rogosa, and Sharpe (MRS) broth. To the MRS 
broth L. acidophilus and L. reuteri were added individually and in 
multiple combinations and they were cultured at 20 h and 24 h at 37oc 
anaerobically in the presence of 0, 0.3, and 0.5% oxgall to assay the 
cholesterol uptake. B. longum was incubated at 48 and 72 h in MRS 
added with 0.05% l-cysteine hydrochloride at 37oc at 0, 0.3, 0.5% 
oxgall. The uptake of cholesterol by L. acidophilus, L. reuteri, and B. 
longum at 0, 0.3, and 0.5% oxgall concentrations and 20, 24 and 48 h 
was assayed. Incubation was 44.24, 36.3, and 31.6%, 62.87, 42.12, and 
24.11%, and 29.13, 36.23, and 37.44%, respectively. These findings 

demonstrate that although there was a marked reduction in coliform 
forming units associated with higher concentrations of bile or oxgall, 
these high concentrations of bile were also associated with an increase in 
clearance of cholesterol in the MRS media by these microbes, especially 
Bifidobacterium. Also, Levan from Bifidobacterium was successfully 
isolated, characterized and evaluated for its efficacy in cholesterol reduc-
tion in vivo. In this study the effect of Levan a fructo-oligosaccharide 
from L. reuteri also significantly reduced cholesterol in vivo with and 
without bile. Therefore, the probiotics L. reuteri and B. longum seem 
to have potential to reduce cholesterol directly or indirectly through 
production of levan.

Key Words: probiotis, direct-fed microbial, cholesterol reduction, 
poultry performance

393P   Effect of dietary supplementation of barbatimão (Stry-
phnodendron adstringens) and pacari (Lafoensia pacari) alcoholic 
extracts on breast and thigh meat quality. C. B. Lima*, A. M. C. 
Racanicci, D. L. Migotto, G. R. Oliveira, T. C. Souza, and S. Arma-
dor, University of Brasília, Brasília, DF, Brazil.

This study aimed to determine the effects of the dietary supplementation 
with extracts of pacari and barbatimão on the protection of breast and 
thigh meat, evaluating quality characteristics such as pH, color (L*, 
a*, and b*), cooking weight loss (CL), and shear force (SF). Seven 
dietary treatments, formulated with alcoholic extracts of pacari (PAC) 
and barbatimão (BAR) in 3 different concentrations (200, 400, and 600 
ppm) plus a negative control (CONT), were fed to broilers from 1 to 41 
d of age. Total of 70 birds (10 per treatment) were slaughtered, breast 
and thigh meat were collected and kept chilled (4°C) for 24 h. Color 
(CIELAB), and pH were evaluated in triplicate on breast and thigh meat 
and cooking weight loss (%) and shear force (kgf) were evaluated in 
triplicate in breast meat only. Data was analyzed using General Linear 
Model (SAS statistical software) and means were compared by Dunnet 
test. When compared with CONT, dietary supplementation of PAC 
or BAR did not affect pH and color of breast meat, however, CL was 
reduced (P < 0.05) for BAR400 and increased (P < 0.05) for PAC400. 
Means of SF were significantly reduced (P < 0.05) by the addition of 
natural antioxidants when compared with CONT, except BAR200, sug-
gesting increased tenderness in breast meat. In thigh meat, the addition 
of natural extracts did not show significant effects on pH and a* values 
when compared with CONT. Means of L* and b* were not statistically 
different from CONT, except for the addition of the lower concentration 
of PAC (PAC200) that resulted in highest values. In conclusion, results 
indicate that dietary supplementation of BAR and PAC extract might be 
beneficial to meat quality, because the alcoholic extracts improved breast 
meat tenderness, when compared with CONT, and possibly maintained 
color b* compounds stability in thigh meat.

Key Words: plant extract, Brazilian plant, meat quality, breast, dark 
meat

394P   Dietary essential oils have an immune modulating effect 
when fed to broiler chickens reared on recycled litter. V. Pirgo-
zliev*1,2, S. P. Rose1, L. Mullen3, M. W. C. D. Pallyeguru4, and D. 
Bravo5, 1Harper Adams University, Edgmond, United Kingdom, 
2Scottish Agricultural College, Ayr, United Kingdom, 3Brighton 
and Sussex Medical School, Falmer, United Kingdom, 4Veterinary 
Research Institute, Peradeniya, Sri Lanka, 5Pancosma S.A., Geneva, 
Switzerland.
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Essential oils are plant derived products added to the feed of healthy 
animals reared in common practical conditions to improve their perfor-
mance, differentiating them from the plant products used for veterinary 
purposes (Windisch et al. 2008). Four-hundred day-old Ross 308 male 
chicks were allocated to 40 floor pens, 10 birds in each pen. The birds 
were placed on litter that had been used previously in another broilers 
study. Birds were fed ad libitum 1 of 4 mash diets from 0 to 21 d of 
age. There were 2 controls basal diets based on either wheat or maize 
and were formulated to be containing the same amount of ME (2,890 
kcal/kg) and CP (215 g/kg). These basal diets were supplemented with 
either no additive, or a mixture of essential oils including 5% carvacrol, 
3% cinnamaldehyde, and 2% capsicum (XTRACT 6930, Pancosma 
S.A.) at 100 g per tonne. The diets did not contain any coccidiostat or 
antimicrobial growth promoters, prophylactic or other similar additives. 
At 21d age one bird from each pen, with a body weight nearest to the 
pen average weight, was killed by cervical dislocation and the left cecal 
tonsil was collected and the relative expression of CD40L and IL-12p40 
genes was assessed. Birds fed XTRACT supplemented diets appear to 
have a lower CD40L expression (P < 0.001) compared with control fed 
birds. Feeding XTRACT reduced the IL-12p40 expression in wheat 
(P < 0.05) but not in maize (P > 0.05) fed birds. The studied genes 
are expressed mainly by activated macrophages and dendritic cells, 
and are indicators of innate immunity and also amplifiers of specific 
immune reactions for an infectious agent. Innate immunity is the first 
line of infection against the opportunistic pathogens. The lack of effect 
of supplementary XTRACT in IL-12p40 expression in maize fed birds 
may be probably due to lower level of pathogens in the gut flora of the 
maize fed birds. However, feeding XTRACT modulated the immune 
reactions in broiler chickens.

Key Words: phytogenics, chick, immune gene expression

395P   Effects of garlic (Allium sativum) powder as replacement 
for antibiotic on performance, blood serum, and gastrointestinal 
morphology in broiler chicks. L. Safareh, A. Karimi*, G. A. Sade-
ghi, and A. Vaziry, University of Kurdistan, Sanandaj, Kurditan, Iran.

The aim of this experiment was to evaluate the effects of virginiamycin, 
garlic powder or their combination on performance, blood serum and 
small intestine morphology in broiler chicks. A total of 360 one-day 
broiler chick (Cobb 500) was used in a completely randomized design 
to evaluate the effect of 6 treatments in 4 replicate each contained 15 
chicks. Dietary treatments included T1: Corn-SBM diet as control; T2: 
T1 plus recommended level of virginiamycin (200 g/ton;  RL-Virg; 
T3: T1 plus garlic powder (1% of basal diet); T4: T3 plus 75% of RL-
Virg.; T5: T3 plus 50% of RL-Virg.; and T6: T3 plus 25% of RL-Virg. 
Results showed that chicks fed the RL-Virg. diets had significantly (P 
< 0.05) higher feed intake during 1 to 10 d, higher relative weight of 
proventriculus at 41 d, serum glucose and cholesterol levels at 27 d. 
Birds fed RL-Virg. diet also had significantly (P < 0.05) higher width 
of base of the villi of jejunum and lower level of serum cholesterol and 
total glyceride at 47 d. Addition of garlic powder (T3) to the diet did 
not have significant (P > 0.05) effects on performance, relative weight 
of gastrointestinal organs, and blood serum metabolites, however, sig-
nificantly (P < 0.05) increased villi height: crypt depth in duodenum, 
and villus height and base width in jejunum. Supplementation of basal 
diet with combination of garlic powder and 75% of RL-Virg had sig-
nificantly (P < 0.05) improved body weight at 11 and 23 d, feed intake 
during 1 to 10 and 11 to 22 d of age, and serum glucose and cholesterol 
level at 22 d. In addition they had significantly (P < 0.05) higher villus 
height, villus height to crypt depth of jejunum. The difference among 
birds fed combination of garlic powder and 25 or 50% of RL-Virg diets 

versus control was not significant (P > 0.05). In conclusion, the findings 
indicates that combination of garlic powder (1%) and reduced level of 
virginiamycin have a significant potential to improve broiler chicks 
performance and gastrointestinal morphology, and reduce the level of 
virginiamycin inclusion in broiler diet.

Key Words: virginiamycin, garlic powder, performance, morphology

396P   Effects of star anise, salvia miltiorrhiza, and ginger root 
on laying performance, antioxidant status and egg quality of 
laying hens. C. W. Yang*1, Y. Cao2, Z. B. Yang2, and Y. Wang3, 1Col-
lege of Life Science, Shandong Agricultural University, Tai-an, Shan-
dong, China, 2College of Animal Science, Shandong Agricultural 
University, Tai-an, Shandong, China, 3Agriculture and Agri-Food 
Canada, Lethbridge Research Centre, Lethbridge, AB, Canada.

The use of Chinese herbal as natural antioxidants has gained increas-
ing interest due to the global trend of restriction in use of synthetic 
substances. To investigate the effects of dried star anise (SA; Illicium 
verum), Salvia miltiorrhiza (SM), and ginger root (Zingiber officinale) 
that was processed to particle sizes of 300 μm on laying performance, 
egg quality and antioxidant status of laying hens. In total, 675 Hy-Line 
brown laying hens at 40 wk of age were randomly allocated into 5 treat-
ments (TRT) with 5 replicates in a complete randomized design. The 5 
TRT were (1) Control, laying hens fed corn-soybean meal diets; (2) TRT 
1 + 150 mg/kg BHT; (3) TRT 1 + 5 g/kg SA; (4) TRT 3 + 10 g/kg SM; 
(5) TRT 3 + 10 g/kg ginger. Laying rate, average egg weight, egg mass, 
ADFI and feed conversion of each replicate were measured weekly. 
At d 28 and 56 of the experiment, blood samples from 9 laying hens 
per treatment were obtained to determine serum antioxidant enzymatic 
activities, and 18 eggs were randomly picked out from each treatment 
to determine egg quality. All laying hens had similar ADFI and average 
egg weight. However, laying hens supplemented with BHT, SA, SM, 
and ginger had higher (P < 0.05) laying rate, egg mass and feed conver-
sion than the control group. As compared with that of control and BHT 
treatment, supplementation of SA, SM and ginger increased (P < 0.05) 
the activities of superoxide dismutase (SOD), glutathione peroxidase 
and total antioxidant capacity, but reduced (P < 0.05) malondialdehyde 
(MDA) in serum of laying hens at d 28 and d 54. Laying hens supple-
mented with BHT had higher (P < 0.05) SOD at d 28 and lower (P < 
0.05) MDA at d 54. All laying hens had similar egg shape index and egg 
yolk. However, laying hens supplemented with BHT, SA, SM and ginger 
had higher Haugh Units than the control, dietary supplementation of SA 
improved eggshell thickness and egg yolk color, and supplementation 
of SM increased eggshell thickness of laying hens at d 28 and d 54 (P 
< 0.05). Dietary supplementation of SA, SM and ginger could improve 
laying performance, serum antioxidant status and egg quality.

Key Words: star anise, Salvia miltiorrhiza, ginger, laying perfor-
mance, antioxidant status

397P   Effects of Rosmarinus officinalis, Iranian green propolis, 
earthworm, and vitamin E on performance and blood parameters 
in Japanese quail. N. Khaleghi Miran1, M. A. Karimi Torshizi1, S. 
Rahimi*1, M. R. Bassami2, and S. Babaei1, 1Tarbiat Modares Univer-
sity, Tehran, Iran, 2Ferdwosi University of Mashhad, Mashhad, Iran.

Natural feed additives are generally believed to be safer and healthier and 
less subject to hazards for humans and animals.The present study was 
arranged to evaluate the effects of Rosmarinus officinalis, Iranian green 
propolis, earthworm (Eiseniafetida) meal, and vitamin E on performance 
and blood parameters of Japanese quail at 42 d of age. A total of 160 
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mixed-sex quail chicks were distributed in a completely randomized 
design to 5 treatments with 4 replicate and 8 birds/cage. The diets were 
formulated based on soybean-corn, to meet NRC (1994) requirements. 
Experimental groups included control diet (not supplemented), rose-
mary leaves meal 5000 mg/kg (R), ethanolic extract of propolis 5000 
mg/kg (P), earthworm meal 5000 mg/kg (EW) and vitamin E 150 mg/
kg. Daily weight gain (DWG), FC and FCR for the overall experiment 
were assessed. At d 42, total cholesterol (TC), triglycerides (TG), LDL, 
HDL and glucose (GL) were measured in 2 birds from each replicate 
at the completion of the experiment by enzymatic diagnostic kit (Pars 
Azmoon). The data were analyzed by GLM procedure of SAS. There 
was a significant difference between vitamin E, EW and R with the rest 
of the groups in terms of DWG (P < 0.05). Daily FC and FCR were 
affected by the groups (P < 0.05); the highest and lowest daily FC was 
obtained in birds fed with diets containing vitamin E and P respectively. 
The administration of experimental groups improved FCR compared 
with control (P < 0.05). There was a 9% reduction in glucose level for 
R, 13% in total-cholesterol for R and P, 11% and 16% in triglycerides 
for R and P respectively, 30%, 26%, 23% and 18% in LDL-cholesterol 
for vitamin E, R, P and EW, respectively (P < 0.01). The results con-
firm the positive effects of R, P, and vitamin E on blood parameters 
without any negative effect on performance indices. Earthworm meal 
increased DWG significantly (P < 0.05), but it had minor effects for 
improvement of blood parameters. Results of our study showed that R 
had a hypoglycemic effect which improved the lipid profile, whereas P 
was effective only on lipid profile.

Key Words: rosemary, propolis, earthworm, vitamin E, blood 
parameters

398P   Effects of propolis, honey, royal jelly, and bee pollen on 
the growth performance and blood parameters of quail (Coturnix 
coturnix japonica). S. Babaei1, S. Rahimi*1, M. A. Karimi Torshizi1, 
N. Khaleghi Miran1, G. A. Nehzati2, and N. Razmgah1, 1Tarbiat 
Modares University, Tehran, Iran, 2University of Tehran, Tehran, 
Iran.

Honey bee products have lots of flavonoids, organic compounds, fatty 
acids, and others. These chemical components can improve growth per-
formance and blood parameters of the birds. This study was conducted 
to determine the effects of alcoholic extract of propolis, honey, royal 
jelly and bee pollen on the growth performance and blood parameters of 
Japanese quail. One hundred and 60 d-old quail chicks were placed in 
20 cages under a completely randomized design. Cages were randomly 
assigned to 5 treatments: (1) control diet based corn and soybean meal 
without supplementation; (2) ethanolic extract of propolis 1000 ppm 
(AEP); (3) pollen powder 1000 ppm (PO); (4) royal jelly 100 ppm (RJ); 
and (5) 2.2% aqueous honey (H). A 30% AEP tincture was prepared 
by adding 600 g of propolis to 1400 mL of 70% ethanol (w/v). This 
was mixed and kept in a glass container, shaken twice daily, filtered 
after one week and kept at 4°C until it was used. The blood samples 
were taken from 2 birds of each replicate at d 42 of experiment. Body 
weight gain, FCR and FI were determined weekly. Serum triglyceride, 
cholesterol, LDL, HDL and glucose were determined in blood samples 
drawn at the end of experiment using commercial biochemical kits 
(Pars Azmoon). The data were analyzed by GLM procedure of SAS. 
The results showed that BWG and FCR were improved when compared 
with control group. Supplementation of honey reduced FCR compared 
with control and other treatment groups (P < 0.01). There were no sig-
nificant differences in feed intake between treatments. WG increased 
in H treatments (16.87%), RJ treatment (12%), PO treatment (9.27%), 
and AEP treatment (2.03%) in compared with the control treatments. 

However, quail chicks fed with bee products tended to have lower 
serum glucose, cholesterol, triglyceride and LDL level than birds fed 
the control diet (P < 0.01). The highest increase in serum HDL level was 
observed in H and RJ groups. In conclusion, honey bee products result 
improvement in growth performance and some of blood parameters of 
quail. Therefore, AEP, RJ, H, and PO can be recommended as growth 
promoters in quail production.

Key Words: growth performance, blood parameters, bee pollen, 
propolis, royal jelly

399P   Effects of α-lipoic acid supplementation in different 
stages on growth performance, antioxidant capacity and meat 
quality in broiler chickens. Z. Y. Guo1, J. L. Li1, L. Zhang1, Y. 
Jiang2, F. Gao*1, and G. H. Zhou1, 1College of Animal Science and 
Technology, Nanjing Normal University, Nanjing, China, 2Ginling 
College, Nanjing Normal University, Nanjing, China.

This experiment was conducted to investigate the effect of basal 
dietary supplementation with 500 mg/kg α-lipoic acid (LA) on growth 
performance, antioxidant capacity and meat quality in different stages 
in broiler chickens. Total 240 Arbor Acre chickens were randomly 
assigned into 4 treatment groups, each treatment containing 6 repli-
cates of 10 chickens each. Group 1 was the control group without LA 
supplementation; group 2 was supplied with LA in the starter period; 
group 3 was supplied with LA in the grower period; group 4 was 
supplied with LA in the whole period. The results showed that LA 
supplementation improved average feed intake (AFI) and body weight 
gain (BWG) in all 3 experimental groups, especially in group 2 (P < 
0.05). LA supplementation significantly decreased abdominal fat yield 
in group 3 and 4 (P < 0.05). LA supplementation all improved hepatic 
total antioxidant capacity (T-AOC), the level of glutathione (GSH), 
the activities of total-superoxide dismutase (T-SOD), catalase (CAT) 
and glutathione peroxidase (GSH-Px), in particular in the group 4 (P 
< 0.05). LA supplementation decreased the activity of liver xanthine 
oxidase (XO) in all experimental groups (P < 0.05), and that of liver 
monoamine oxidase (MAO) in group 3 (P < 0.05). The activities of 
liver CAT and XO in group 2 were higher than that in groups 3 (P < 
0.05). LA supplementation elevated the pH24h (P < 0.05) and decreased 
drip loss in breast meat in groups 3 and 4 (P < 0.05). In conclusion, 
LA supplementation can improve the growth performance, antioxidant 
properties and meat quality in broiler chicken. LA supplementation in 
the starter period can improve growth performance and supplementation 
in the grower and whole periods can improve carcass characteristics. 
There was no significant difference in meat quality of broiler chickens 
fed on LA-supplemented diet in different stages.

Key Words: α-lipoic acid, growth performance, antioxidant property, 
meat quality, broiler

400P   Comparison the effect of probiotic and three herbal 
extracts (garlic, thyme, and caraway) on egg quality. A. R. 
Behnamifar1, S. Rahimi*1, M. A. Karimi Torshizi1, Z. Mohammad-
zadeh1, and A. Rahimi2, 1Tarbiat Modares University, Tehran, Iran, 
2Islamic Azad University, Tehran, Iran.

The purpose of this study was finding an appropriate and safe feed addi-
tive to increase egg quality in laying hens. The study was conducted to 
compare the response of laying hens to dietary supplementation with 
direct-fed microbial (Primalac) and 3 herbal extracts (garlic, thyme 
and caraway) throughout the 2-mo experimental period. Total of 60 
laying hens (Tetra-SL) which had been in production for 85 weeks were 
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randomly allocated in a completely randomized design considering 5 
treatments with 4 replicates and 3 birds in each. Group 1 received a 
layer basal diet with no supplementation which served as control. The 
second, third, and fourth groups received basal diet with 1 mL of herbal 
extracts (garlic, thyme, and caraway)/L drinking water respectively. The 
fifth group fed the basal diet plus 1 g of probiotic /kg of diet. Primalac 
contains a minimum of 1.0 × 108 cfu of Lactobacillus sp. organisms per 
gram. The responses were considered as egg weight, shell thickness, 
shell strength, Haugh unit, yolk weight, yolk color, and yolk cholesterol. 
The results showed no significant difference in egg quality, egg weight, 
shell thickness, shell strength, Haugh unit, yolk weight, and yolk color 
between the treatments. However, yolk cholesterol was significantly (P 
< 0.01) decreased by adding 1 mL of garlic extract/L in drinking water 
supply. The result show garlic extracts have great potential when low 
cholesterol egg is desired and other feed additives used in this experi-
ment have not influenced on egg quality parameters measured in this 
experiment.

Key Words: egg quality, garlic, thyme, caraway, probiotic

401P   Effect of dietary supplementation with α-lipoic acid on 
growth performance, antioxidant capacity, and meat quality 
in broiler chickens. Z. Y. Guo1, J. L. Li1, L. Zhang1, Y. Jiang2, F. 
Gao*1, and G. H. Zhou1, 1College of Animal Science and Technology, 
Nanjing Agricultural University, Nanjing, China, 2Ginling College, 
Nanjing Normal University, Nanjing, China.

This study investigated dietary supplementation with α-lipoic acid 
(LA) on growth performance, antioxidant capacity and meat quality in 
broiler chickens. In total, 240 day-old male Arbor Acres broilers were 
randomly allocated to 1 of 5 experimental diets supplemented with 0, 
250, 500, 750, or 1,000 mg/kg LA respectively. Compared with the 
control group, supplementation with 500 and 750 mg/kg LA increased 
the average feed intake (AFI) and body weight gain (BWG) during 
the starter period (P < 0.05), grower period (P > 0.05) and throughout 
the whole period. In addition, supplementation with 1000 mg/kg LA 
significantly decreased AFI and BWG during the starter period (P < 
0.05), grower period and throughout the whole period (P > 0.05). LA 
supplementation improved antioxidant properties and, in part, depended 
on glutathione levels. These improvements also reflect the activities of 
total superoxide dismutase, catalase (CAT) (P < 0.05), and glutathione 
peroxidase (P = 0.069), all of which increased in the liver. In contrast, 
LA supplementation significantly decreased malondia ldehyde (MDA) 
levels in the liver (P < 0.05). In addition, the activities of xanthine oxi-
dase (XO) and monoamine oxidase (MAO) gradually decreased (P < 
0.05). LA supplementation increased the activity of nitric oxide synthase 
(NOS) in the liver (P < 0.05). The activity of myeloperoxidase (MPO) 
and the ultrastructural mitochondrial components were not affected 
by dietary LA. LA supplementation improved meat quality through 
increasing pH24h (P < 0.05), decreasing drip loss (P < 0.05) and share 
force value (P < 0.05). However, dietary LA (1,000 mg/kg) exhibited a 
higher cook loss compared with other treatments (P < 0.05). In conclu-
sion, supplementation with high doses of LA negatively affected on the 
growth performance, but 500 and 750 mg/kg LA doses supplementation 
promoted their growth performance, increased antioxidant capacity, and 
improved meat quality.

Key Words: α-lipoic acid, growth performance, antioxidant capacity, 
meat quality, broiler

402P   Antioxidant activity of dietary plant oil extracts in raw 
eggs stored chilled. A. M. C. Racanicci*1, G. R. Oliveira1, C. B. 
Tanure1, C. B. Lima1, D. L. Migotto1, G. N. Soares1, T. C. Souza1, L. 
M. C. S. Ribeiro1, J. S. Moreira2, and E. M. Oliveira2, 1University of 
Brasília, DF, Brazil, 2University of Goiás, Goiânia, GO, Brazil.

Brazilian native plants originally found in cerrado biome, such as 
copaiba (Copaifera langsdorffii; COP) and sucupira (Pterodon emar-
ginatus; SUC) are used to produce oilresins particularly rich in phenolic 
compounds, known to be efficient natural antioxidants. To study the 
antioxidant effect of the dietary supplementation of COP and SUC 
oilresins to laying hens, eggs were stored at 4°C in the dark during 60 
d. One hundred forty ISA-Brown laying hens were fed experimental 
diets based on corn and soybean meal (CP, 15% and ME, 2900 kcal/kg) 
with the addition of 3 levels of COP (0.03, 0.06, and 0.09%) × 2 levels 
of SUC (0.03 and 0.06%) + negative-control (NC) with no antioxidants. 
At 37 wk of age, eggs were collected during 3 consecutive days and 
stored at 4°C up to 60 d in a completely randomized design and a 2 × 3 
factorial arrangement plus NC. The chemical analyses were performed 
at 0, 7, 14, 21, 30, 35, 42, 49 and 60 d in 3 egg yolks/treatment using the 
TBARS (thiobarbituric acid reactive substances) method to evaluate the 
progression of lipid oxidation. TBARS values were expressed in µmol of 
malonaldehyde per kg of raw egg yolks (µmol of MDA/kg). Data were 
analyzed using mixed model procedures (SAS system). As expected, 
TBARS increased significantly (P < 0.05) along the storage period. Until 
30 d, dietary treatments showed no influence on TBARS values. At 35 
d of storage, COP 0.03% reduced (P < 0.05) TBARS values (0.3047 
µmol MDA/kg) when compared with SUC 0.03% (0.5067 µmol MDA/
kg). However, at the end of storage time, TBARS values were not differ 
from NC, except COP 0.09% that showed higher (P < 0.05) values sug-
gesting pro-oxidant effect. In conclusion, the use of oil extracts was not 
effective to improve protection against lipid oxidation in chilled eggs.

Key Words: laying hen, raw eggs, natural antioxidant, lipid oxida-
tion, TBARS

403P   Performance of broilers fed diets containing organic 
acids isolated and associated during starter phase. V. C. Cruz-
Polycarpo*1, G. V. Polycarpo2, J. B. Freschi1, A. Barbieri1, T. S. 
Santos1, R. G. A. Cardoso1, I. L. Saes1, R. L. Saes1, L. G. F. Bueno1, 
T. J. Menezes1, J. A. Oliveira1, K. V. B. Balieira1, and R. V. Ferreira1, 
1São Paulo State University, Dracena, Brazil, 2University of São 
Paulo, Pirassununga, Brazil.

Since prohibition of the use of antibiotics as growth promoters, other 
additives have been studied, among them, the organic acids. These 
acids are rarely described in the literature, particularly when used 
alone because their use is generally made using blends, obtained from 
a mixture of acids. So, a study was conducted to evaluate the effects 
of including isolated or combined citric and benzoic acids in the feed 
of broilers, and observed their influence on the performance from 1 
to 21 d old. A total of 840 day-old male Cobb chicks were housed, 
allotted in a completely randomized design featuring a 2 × 2 factorial 
arrangement: citric acid supplementation or not and sodium benzoate 
supplementation or not. There were 7 replications with 30 broilers per 
experimental unit (density = 12 birds/m2). Mean initial chick weight 
was 41.90 g. The different feeds featured similar energy and amino 
acid levels within each breeding phase, and were formulated based 
on corn and soybean meal. Water and feed were supplied ad libitum. 
At 14 d old, broilers were inoculated with 1 mL of solution provided 
orally, containing 1 × 105 sporulated oocysts of Eimeria acervulina per 
bird. The results of this study indicated that there was no interaction 
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(P > 0.05) between the effects evaluated and no significant differences 
were observed at 21 d of age for the following studied variables: body 
weight gain (BWG), average feed intake (AFI), feed:gain ratio (F:G), 
and viability. Although significant differences were not obtained in the 
performance of broilers at 21-d-old, we observed optimal values for the 
variables studied. This can be explained by the challenge promoted by 
Eimeria, which may possibly have been low and ineffective, due to the 
excellent environmental and hygienic conditions of the experimental 
house. Based on the results obtained and the conditions under which 
the experiment was conducted, it can be concluded that there is no 
effect of citric and benzoic addition, used isolated or combined, on the 
performance of broilers during starter phase.

Key Words: additive, organic acid, performance, poultry

404P   Effect of intra-egg inoculation of Bacillus subtilis on the 
chick quality hatched and corporal weight. L. L. Borges, T. C. O. 
Quadros*, V. R. Almeida, J. B. Matos Junior, S. Sgavioli, G. M. A. R. 
Garcia, E. T. Santos, and S. M. Baraldi-Artoni, Faculty of Agriculture 
and Veterinary Sciences, Jaboticabal, São Paulo, Brazil.

The good quality and weight of chickens ensures better livability and 
growth during the first days of the life of broilers. This study examined 
the inoculation in ovo of Bacillus subtilis during incubation and how 
it influences the chick quality hatched and body weight. We used 500 
fertile eggs (Cobb), from broiler breeder hens at 43 wk old, within the 
range of egg weight of 66 ± 2 g distributed equally in 5 incubators with 
automatic control of temperature, turning and moisture. The experiment 
was setup as a randomized design with 5 treatments with 100 eggs per 
treatment. The treatments consisted of a control (eggs not inoculated), 
and eggs inoculated with 0.1 mL of Bacillus subtilis in 4 concentrations, 
0, 106, 107, and 108 cfu. At 18 d of age, Bacillus subtilis was injected 
into the air sac. At hatch, all the chicks were weighed individually and 
chick quality was assessed, based on physical criteria, such as activity, 
feathering, eyes, conformation of legs, inspection of navel area, remain-
ing membrane and yolk absorption. The quality score was defined as 
the sum of the scores quoted for all characteristics within a total scale 
of 100. The data was analyzed using the general linear model (GLM) 
procedure of SAS. In case of significant effect, the comparison of the 
averages was performed using 5% probability of Tukey test. According 
to the data, none of the treatments had chicks with quality scores of 
100; they were mostly at an average of 90 ± 2. There wasn’t significant 
effect observed with quality scores (P > 0.05). The same results were 
observed to body weight, where there was not a significant effect among 
the treatments. The results indicated that the inoculation of Bacillus 
subtilis don’t change the quality and weight of chicks, and thus can be 
applied and improved in future studies.

Key Words: probiotic, bacteria, broiler, embryo, injection

405P   Effect of pyrroloquinoline quinine on egg cholesterol 
content and anti-oxidation capacity. L. M. Sun1,2, H. J. Zhang1,2, 
S. G. Wu1,2, H. Y. Yue1,2, J. Wang1,2, and G. H. Qi*1,2, 1Key Labo-
ratory of Feed Biotechnology of Ministry of Agriculture, Beijing, 
China, 2Feed Research Institute of Chinese Academy of Agricultural 
Sciences, Beijing, China.

This experiment was conducted to evaluate the effect of dietary pyrrolo-
quinoline quinine (PQQ) on performance, egg quality, total cholesterol 
(TC) content, and antioxidant capacity of eggs in laying hens. Three 
hundred sixty Jing-Hong hens aged 23 wk were randomly divided into 
5 treatments with 6 replicates of 12 hens. The 5 treatment diets were 

made based on the same basal diet, and supplemented with 0 (control 
group, CON), 0.08, 0.8, 1.6 mg/kg PQQ, and 100 mg/kg vitamin E 
(VE), respectively. The experiment lasted for 8 wk. The result showed 
that dietary PQQ at all levels could increase ADFI (P < 0.05) com-
pared with CON. The 0.08 mg/kg PQQ group had higher laying rate 
(P < 0.05) than CON. There was no significant difference in average 
egg weight (P > 0.05). PQQ showed no effects on eggshell strength, 
Haugh unit and yolk color (P > 0.05), but 0.16% PQQ group increased 
albumen height (P < 0.05) compared with CON. The 0.8 mg/kg PQQ 
group decreased plasma and egg TC content (P < 0.05) and plasma 
malondialdehyde level (P < 0.05) compared with CON. PQQ did not 
affect plasma high- and low-density lipoprotein cholesterol levels (P > 
0.05). PQQ did not affect Vitelline membrane strength (VMS) of fresh 
eggs (P > 0.05), but increased VMS after 3 weeks of storage at 4°C (P 
< 0.05) compared with CON, which partially reflected its anti-oxidative 
function. Thirty gram of egg samples from 0.8 mg/kg PQQ, CON and 
VE groups were used to analyze antioxidation capacity at 90°C with 
an initial oxygen pressure of 6 × 105 Pa. The inflexion of rapid oxygen 
pressure decreasing appeared 9 and 4 h later in PQQ group than in 
CON and VE group, respectively. Overall, dietary PQQ can improve 
egg quality and prolong egg shelf life by increasing egg anti-oxidation 
capacity; PQQ can improve laying performance at 0.08mg/kg, whereas 
decrease plasma and egg TC at 0.8 mg/kg.

Key Words: pyrroloquinoline quinine, laying hen, performance, 
cholesterol, antioxidation

406P   The effects of a direct fed microbial on broiler per-
formance during natural Clostridium perfringens exposure. D. 
Paiva*, E. Kimminau, C. Ott, A. Calvert, C. Honaker, and A. McEl-
roy, Virginia Polytechnic Institute and State University, Blacksburg, 
VA.

Bioactive dietary ingredients that modulate the immune system or alter 
intestinal integrity can have a considerable impact on nutrient utilization, 
disease status, and resulting bird performance. Probiotics are among 
these dietary ingredients that have immunomodulatory characteristics. 
Opti-Bac L is a probiotic that contains Bacillus licheniformis as the 
active bacterium. The objective of this study was to evaluate different 
dosages of Opti-Bac L (Huvepharma Inc., Peachtree City, GA) on broiler 
performance during a natural Clostridium perfringens exposure. Day-
old Cobb 500 male broilers were obtained from a commercial hatchery, 
weighed and randomized (32 birds/pen) into 4 treatment groups. This 
42-d study consisted of a randomized complete block design that evalu-
ated the inclusion level of Opti-Bac L at 0, 0.25, 0.5, and 1.0 lb/ton 
(18 replicate pens/treatment). All diets (formulated to meet or exceed 
nutrient requirements for Cobb 500 male broilers) were medicated and 
contained a Bacillus subtilis at 10 g/ton. Birds were placed on used litter 
from a previous flock that exhibited clinical signs of necrotic enteritis 
to include a natural exposure to C. perfringens. Birds and feed were 
weighed on d 0, 14, 35, and 42, and body weight (BW), BW gain (BWG), 
feed intake, and feed conversion (FC) were calculated for each of these 
periods and cumulatively. Mortality was recorded daily, and average FI 
and FC were adjusted for mortality. Significance is reported at P < 0.05. 
Birds fed 0.25 and 0.5 lb/ton of Opti-Bac L were significantly heavier and 
gained more weight than the other treatments from d 0 to 14 and d 0 to 
35. No differences in BW or BWG were observed from d 0–42. FI was 
not significantly affected by Opti-Bac L supplementation regardless of 
grow out period. Birds supplemented with 0.5 lb/ton of Opti-Bac L had 
more efficient FCR than the other treatments from d 0 to 35 and d 0 to 
42. There were no significant differences in mortality among treatments. 
In conclusion, data from this study suggested that Opti-Bac L inclusion 
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at 0.5 lb/ton was beneficial to performance in the C. perfringens positive 
environment with improvements in FCR, BW and BWG.

Key Words: Clostridium perfringens, Bacillus licheniformis, 
probiotic

407P   In vitro evaluation of the potential for select bacteria and 
yeast as probiotics in poultry production. S. N. Nahashon*1, B. R. 
Dixon1, and A. K. Kilonzo-Nthenge2, 1Department of Agricultural 
and Environmental Sciences, Tennessee State University, Nashville, 
TN, 2Department of Family and Consumer Science, Nashville, TN.

Probiotics are live microbial feed supplements that enhance host’s health 
and overall performance. However, their mode of action and ideal host 
gastrointestinal tract (GIT) environment are still obscure. The aim of 
this study was to ascertain ideal GIT conditions that favor establish-
ment, growth and competitive exclusion properties of the probiotics 
Biifidobacterium longum, Lactobacillus plantarum and Saccharomyces 
boulardii. These microorganisms were assayed for their ability to (1) 
tolerate and survive varying pH levels and bile concentrations, (2) attach 
to chicken GIT mucosa, and (3) challenge pathogenic microorganisms. 
Performance of the microbes at pH range of 7–2 and bile concentrations 
of 1–3% were evaluated. Growth or decline in cfu/mL was assayed 
every 1 h for 6 h. Chick duodenal tissue was inoculated with either 
of the experimental microbes for 1hr at 37°C in 10% CO2 and later 
assessed for attachment using scanning electron microscopy. The pro-
biotic microorganisms were challenged with pathogenic S. pullorum, 
S. typhimurium, S. enteritidis, C. coli, C. lari, C. jejuni, E. faecalis, E. 
faecium, and E. coli using the agar spot test method . Recovery of B. 
Longum, L. plantarum, and S. boulardii were significantly higher (P < 
0.05) at pH range of 5–7, 4–7 and 2–7, respectively. In the presence of 
bile, the average recovery of these microbes was 1.5, 7.2 and 3.8 cfu/
mL, respectively. B. longum and L. plantarum showed remarkable ability 
to attach by obvious changes in the cell surface and cytoskeleton where 
they were anchored. S. boulardii was also present on the cell surface, 
but no changes were observed on the epithelial cell surface. On the 
other hand, B. longum and L. plantarum showed the ability to positively 
inhibit all pathogenic microbes with the exception of B. longum fall-
ing short of inhibiting E. faecium. S. boulardii only showed positive 
inhibition toward C. lari and C. jejuni. In conclusion, these microbes 
have a strong potential for use as probiotics in poultry feeding although 
B. longum and S. boulardii seem to be adversely affected by acidic pH 
and bile salts, respectively.

Key Words: probiotics, poultry health, microbial feed supplements, 
bacteria, yeast

408P   Evaluation of probiotic bacterial strains and prebiotic 
yeast cell wall on starter broiler performance in birds subjected 
to bursa vaccine and Clostridium perfringens challenge. R. A. 
Abdaljaleel*, J. Fowler, M. Hashim, A. Haq, and C. A. Baily, Texas 
A&M University System, College Station, TX.

The aim of this study was to evaluate the effects of a probiotic product 
containing Enterococcus faecium, Bacillus subtilis, and Lactobacillus 
casei strains at106 cfu/bird/day and a prebiotic yeast cell wall (YCW) 
on the performance of starter broilers subjected to an infectious bursal 
disease (IBD) vaccine and Clostridium perfringens challenge. A total 
of 240 day-old broiler chicks were distributed in 2 Petersime battery 
brooder units (48 pens; 5 birds per pen). Six treatments were assigned 
to pens for a 21 d trial. A basal industry-type broiler starter diet was 
prepared and divided into 6 equally sized portions that included negative 

control, YCW 125 ppm, YCW 250 ppm, probiotic + YCW125 ppm, and 
probiotic + YCW 250 ppm. Birds were vaccinated with a commercial 
IBD vaccine via eye drop at 10 d of age followed by Clostridium per-
fringens challenge (3 mL oral gavage) on d 16 and 17 of the study. The 
results showed that YCW product performed as well as the probiotic 
throughout the experiment, while there was a significant main effect (P 
≤ 0.05) for YCW dose in the post challenge feed-to-gain ratios, with the 
YCW 250 ppm dose showing improved feed conversion when compared 
with negative control. On the other hand, the probiotic had no effect on 
feed-to-gain ratios while the YCW product (Lesaffre) showed a dose 
dependent response during the challenge phase.

Key Words: probiotic, prebiotic, performance, challenge, broiler

409P   Dietary supplementation of yerba mate (Ilex paraguar-
iensis) extract on broiler performance. D. L. Migotto*1, A. M. C. 
Racanicci1, J. F. M. Menten2, M. Sbardella2, D. R. Cardoso3, and C. 
B. Lima1, 1University of Brasília, Brasília, Distrito Federal, Brazil, 
2University of São Paulo, Piracicaba, Brazil, 3University of São 
Paulo, São Carlos, Brazil.

Yerba mate (Ilex paraguaiensis) is a plant commonly used in several 
South American countries to prepare beverages through an aqueous 
infusion of its dry and ground leaves. This beverage is savored for its 
bitter flavor and has diuretic, anti-inflammatory and stimulant properties 
reported (Schinella et al., 2000). The antioxidant potential of the Yerba 
mate is probably related to the high percentage of phenolic compounds 
present in the extract of the plant’s leaves. Due to this information, 
interest regarding the use of this plant in food preservation, especially 
in meat, has increased. Therefore, the main objective of this study was 
to assess the effects of the utilization of lyophilized extracts of yerba 
mate (YM) in broilers diets on performance. One thousand four hundred 
female 1-d-old Ross broiler chicks (initial weight 43.65 g ± 1.04) were 
distributed in 36 floor pens (40 chicks each) in a completely randomized 
design, with 6 treatments with 6 replicates. Chicks were fed ad libitum 
until 38 d with a basal diet formulated to meet the nutritional require-
ments of female chicks on pre-starter, starter, grower and finisher phases 
(Rostagno et al., 2011). Dietary treatments consisted of the addition of 5 
different concentrations of lyophilized extract of YM (0, 250, 500, 750, 
and 1,000 mg/kg) plus a positive control (125 mg of vit. E/kg). Feed 
intake and live weight were assessed weekly to obtain weight gain and 
feed:gain ratio, and mortality was registered daily. Statistical analyses 
were performed with PROC MIXED (SAS system) and averages were 
compared using orthogonal contrasts. At 38 d of age, dietary treatments 
did not affect significantly (P < 0.05) broilers weight gain (2,162.45 
± 51g), feed intake (5,344.84 ± 127.58 g) and feed:gain ratio (2.51 ± 
0.02). Even though the utilization of yerba mate extracts did not exhibit 
positive effects on performance of broilers, more studies are needed to 
evaluate the antioxidant activity postmortem.

Key Words: natural antioxidant, feed conversion, live weight, weight 
gain, vegetable extract

410P   Cecal microbiota of chickens fed with diets containing 
crude propolis as alternative growth promoter. C. Eyng*1, A. 
E. Murakami2, A. A. Pedroso3, C. R. A. Duarte2, and I. C. Ospina-
Rojas2, 1Universidade Federal da Grande Dourados, Dourados, 
Mato Grosso do Sul, Brazil, 2Universidade Estadual de Maringá, 
Maringá, Paraná, Brazil, 3Private Company, Visalia, CA.

The prohibition of the use of some antibiotic as performance enhanc-
ers is intensifying the search for alternative ingredients to be used as 
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modulators of the intestinal microbiota. Propolis, a substance produced 
by bees, is known for its natural antimicrobial properties. In this study, 
we characterized the cecal microbiota of broiler chickens fed with 
diets containing levels of crude propolis (CP) using fluorescent in situ 
hybridization (FISH) measured by fluorescent activated cell sorting. 
One hundred sixty-eight birds were randomly distributed in 6 treat-
ments (0, 100, 200, 300, 400, and 500 ppm of CP per kilo of diet) with 
7 replicates and 4 birds per experimental unit, and raised in cages until 
21 d of age. Fluorescent probes were used against the principal bacterial 
groups in cecal samples collected at 21 d of age. Results showed that the 
CP affected the composition of the bacterial community. A minimum 
concentration of Clostridiaceae was observed when 240 ppm of CP was 
used in chicken diets. Levels of Clostridiaceae were significant lower 
when 200 and 300 ppm of CP where used in chicken diets compared 
with control treatment (0 ppm of CP). Low level of Enterobacteriaceae 
was observed in birds that received feed supplemented with 400 ppm CP 
when compared with the control group. Levels of Gammaproteobacteria, 
excluding Enterobacteriaceae, were lower when 221 ppm of CP was 
adopted. Species related to Lactobacillus spp. had similar distribution to 
the control group when levels of 100, 300, 400 and 500 ppm were used. 
However, the proportion of Lactobacillus spp. was decreased when 213 
ppm of CP was supplemented on bird diets. The supplementation of CP 
seems to have an antimicrobial effect on the cecal microbiota of chicken.

Key Words: antimicrobial, cecum, flow cytometry, fluorescence in 
situ hybridization, microbiota

411P   Effect of GalliPro on ileal protein digestibility and 
metabolizable energy in energy-reduced diets. D. Harrington*1, L. 
M. da Silva2, S. C. Salguero2, L. F. Albino2, H. S. Rostagno2, and A. 
B. Kehlet1, 1Chr. Hansen A/S, Hørsholm, Denmark, 2Universidade 
Federal de Viçosa, Viçosa, Brazil.

Probiotics, such as the Bacillus subtilis-based GalliPro is used success-
fully in commercial poultry production globally. The increased enzyme 
activity exhibited by GalliPro compared with other commercially avail-
able probiotics may confer benefits of increased nutrient digestibility in 
addition to other probiotic effects. A study was conducted to determine 
the ileal protein digestibility coefficient and metabolizable energy (ME) 
value from birds fed diets with reduced energy levels supplemented 
with GalliPro. A total of 320 birds (Cobb 500) were allocated to 8 treat-
ments (8 replicates/treatment) and reared for 22 d on reused bedding. 
At 22 d, birds were transferred to metabolism cages and kept for 8 d. 
Throughout the study birds were fed a corn-soy based basal ration with 
4 ME levels where 100% ME = (3075–3200) kcal/kg and with/without 
GalliPro (GP) (8.0 × 105 cfu/g feed) as follows: T1: 100% ME; T2: 
98% ME; T3: 96% ME; T4: 94% ME; T5: 100% ME+GP; T6: 98% 
ME+GP; T7: 96% ME+GP; T8: 94% ME+GP. Feed contained 0.5% 
Cr2O3 as a marker. Excreta were collected from 26 to 30 d and ileal 
contents taken at 31 d. Data were analyzed by ANOVA. GP significantly 
increased apparent ME corrected for nitrogen (MEn) compared with 
controls, 23–34 kcal/kg dry matter (DM) across the 4 energy reduced 
diets. The highest MEn were observed in T6 and T8 compared with T2 
and T4 respectively (3389, 3331, 3360, 3297 kcal/kg DM, respectively). 
Ileal protein digestibility (IPD) was significantly higher in GP groups 
(86.0%) than controls (85.6%), an average 0.4% increase, while ileal 
DM (IDM) was numerically higher in GP birds than controls (72.93% 
and 72.86%, respectively). IDM in T7 and T8 was higher than T3 and 
T4, respectively; in other GP birds, IDM was lower than controls. In 
conclusion, GalliPro can significantly increase MEn and IPD in broil-
ers. There is a trend for GP to compensate for energy reduction in diets 
through increased MEn and IPD with more pronounced effects observed 
in diets containing 150 kcal less than standard.

Key Words: Bacillus subtilis, energy, digestibility, broiler
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412P   Prediction equations of metabolizable energy for maxi-
mum profit feed formulation for broilers chickens. D. E. Faria*, 
D. Suckeveris, D. E. F. Filho, V. S. Nakagi, and L. F. Demuner, 
Faculty of Animal Science and Food Engineering, Pirassununga, São 
Paulo, Brazil.

The present study was conducted to evaluate the prediction equations of 
metabolizable energy obtained in 4 experiments to optimize maximum 
economic results (non-linear feed formulation) with broilers chickens. 
Birds were distributed in a completely randomized design in a 2 × 2 
factorial scheme: sex (male and female) and nutrition (non-linear and 
linear feed formulation), with 4 treatments and 9 replicates of 30 birds 
each, totaling 1080 broilers Cobb-500. Were used the equation obtained 
by Araújo (2010) and the procedures by Guevara (2004) for non-linear 
feed formulation and for linear feed formulation based on nutritional 
levels indicated by Rostagno et al. (2011). Feed intake (FI), weight 
gain (WG), feed conversion (FC), viability (VC), efficiency produc-
tive index (EPI) and net income (NI) were evaluated from 1 to 42 d of 
age. Three birds from each replicate were slaughter to evaluate carcass 
yield, breast, thigh + drumstick, wings and abdominal fat at 42 d of 
age. Data were subjected to ANOVA and Tukey test (5%) was used for 
means comparison using SAS 9.2. No differences among treatments 
for VC and carcass yield were found. Males, compared with females, 
significantly increased WG, EPI and decrease FI. Broilers fed diets 
using non-linear feed formulation obtained higher WG, lesser FI and 
superior EPI than linear feed formulation. Interaction of treatments (P 
< 0.01) were observed between sex and nutrition for FC and NI, show-
ing improvement of results for males fed non-linear feed formulation. 
However, males subjected a linear feed formulation based on nutritional 
levels indicated by Rostagno et al. (2011) there were elevated results for 
NI. In conclusion, sex and nutrition has independent way for FI, WG 
and EPI, showed a more significant effect for males and non-linear feed 
formulation. On the other hand, sex and nutrition are dependent about 
FC and NI, where for males, FC is small using diets with non-linear 
feed formulation, while NI is more profitable using diets with linear 
feed formulation.

Key Words: economic analysis, mathematical models, metabolizable 
energy, non-linear feed formulation, poultry

413P   Feeding programs and their effects on broiler perfor-
mance and economic indexes. D. E. Faria*, R. B. Trevisan, V. S. 
Nakagi, P. T. Bravo, and D. E. F. Filho, Faculty of Animal Science 
and Food Engineering, Pirassununga, São Paulo, Brazil.

The important factor in poultry production is feed costs, currently stand-
ing at about 70%. Changes in the prices of key input such as corn and 
soybeans can be observed, therefore, it is necessary to define strategies 
that allow for better financial results. The purpose of this study was to 
compare feeding programs and evaluate their effects on the broilers’ 
performance and economic indexes of male Cobb 500 Slow Feathering 
broilers. In total, 1,200 birds were subjected to a completely randomized 
experimental design with 5 treatments and 8 replicates with 30 birds 
per experimental unit. The feeding programs consisted of: Cobb 500 
Manual (2008); National Research Council (NRC; 1994); Rostagno 
et al. (2005); Rostagno et al. (2011) and Rostagno et al. (2011) modi-
fied. Feed intake, body weight, weight gain, feed conversion, viability, 
energy consumption, caloric conversion, productive efficiency index, 
and carcass characteristics were evaluated in the period from 1 to 46 d 

of age. The gross trade margin was calculated based on Gameiro (2009) 
for economic analysis, considering the ingredients prices from 2007 to 
2011. The results were evaluated based on a variance analysis, and the 
Tukey test (P < 0.05) was used to compare treatment means. Considering 
the main performance characteristics, there were no statistical effects 
among the nutritional programs. NRC (1994) showed the worst breast 
yield (P < 0.05) among the treatments. It is concluded that the feeding 
program based on the Cobb 500 Manual (2008) showed the best trade 
gross margin (0.821 US$/kg), while NRC (1994) the worst (0.762 US$/
kg). Therefore, the recommendations contained in the Cobb 500 Manual 
(2008) should be used as a means of achieving greater profitability in 
broiler production.

Key Words: carcass yield, economic analysis, nutritional require-
ment, performance, poultry

414P   Correlation between protein dispersibility index of 
full-fat soybean extruded at three temperatures and biological 
performance of broiler chickens. S. A. Mirghelenj*1, A. Golian2, 
H. Kermanshhahi2, and A. R. Raji3, 1Department of Animal Science, 
Faculty of Agriculture, University of Tabriz, Tabriz, Iran, 2Depart-
ment of Animal Science, Ferdowsi University of Mashhad, Mashhad, 
Iran, 3Faculty of Veterinary Medicine, Ferdowsi University of Mash-
had, Mashhad, Iran.

Protein dispersibility index (PDI) is a laboratory test for determining 
the quality of heated full-fat soybean (FFSB) and it measures protein 
solubility in water with high-speed mixing. This trial was conducted to 
compare the correlation coefficient of PDI with some biological data to 
evaluation of extruded full-fat soybean (EFFSB). One hundred forty-
four day-old male broiler chicks were divided into 12 groups including 
3 treatments with 4 replicates in a completely randomized design and 
fed 3 diets containing 15% full fat soybean extruded at 145, 155 and 
165°C from 0 to 42 d of age. Some biological data including weight gain 
(WG), pancreas relative weight (PRW), blood oxygen saturation (BOS) 
and jejunal villi length (JVL) measured during the experimental period 
then determined the correlation coefficients of these biological data with 
laboratory test (PDI). Duncan means separation test was used to deter-
mine significant differences between treatment mean values (P < 0.05) 
in biological experiment. Results showed that JVL at 21 d chicks had 
highest correlation (93%) with PDI as compared with other biological 
data. Correlation of PDI values with biological data was higher at 21d 
chicks as compared with 42 d chicks, showing that younger chicks might 
be more sensitive to quality of EFFSB as compared with older ones.

Key Words: broiler chicken, extruded full-fat soybean, protein dis-
persibility index, performance

415P   Effects of different fat sources in finisher diets of broiler 
chickens on fat deposition and serum metabolites. S. A. Mir-
ghelenj*1, A. Golian2, M. A. Behroozlak3, and S. Moradi2, 1Depart-
ment of Animal Science, Faculty of Agriculture, University of Tabriz, 
Tabriz, Iran, 2Department of Animal Science, Faculty of Agriculture, 
Ferdowsi University of Mashhad, Mashhad, Iran, 3Department of 
Animal Science, Faculty of Agriculture, Urmia University, Urmia, 
Iran.

The aim of this experiment was to assess the effects of using saturated 
fat and some unsaturated oils in finishing period (29–42 d) on perfor-
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mance, fat deposition, blood metabolites, carcass yield and performance 
of broiler chickens. One hundred forty-four 28-d old male broiler 
chickens were randomly assigned to 24 groups of similar body weight 
with 6 replicates per each treatment in a completely randomized design. 
Four isocaloric/isonitrogenous diets containing different 5% tallow fat 
(TF) as saturated fat source, olive oil (OO) as monounsaturated fatty 
acid (MUFA) source, soybean oil (SO) and canola oil (CO) as polyun-
saturated source were provided during finisher period (from 29 to 42 d 
of age). All percentage data were converted to arcsine percent before 
analysis and Duncan means separation test was used to determine sig-
nificant differences between treatment mean values (P < 0.05). Average 
daily feed intake (ADFI) and average daily weight gain (ADWG) of 
birds fed diets containing 5% TF in finisher diet were significantly (P < 
0.05) lower than other birds fed finisher diets containing vegetable oils 
(OO, SO and CO). Abdominal fat percentage of birds fed TF and OO 
increased significantly (P < 0.05) as compared those fed PUFA sources 
(SO, CO) from 29 to 42 d of age, but liver and intramuscular (breast or 
thigh) fat contents were not affected significantly (P > 0.05). Carcass 
yield, breast and thigh weight as percentage of live weight were similar 
in all birds (P > 0.05). Blood serum triglyceride of birds fed SO and 
CO was significantly (P < 0.05) lower than birds fed TF, but difference 
between birds fed TF or OO was not significant (P > 0.05). The high 
density lipoprotein (HDL) of birds was significantly (P < 0.05) reduced 
with feeding SO and CO compared as birds fed TF. These data suggest 
that performance, abdominal fat pad and some blood serum metabolites 
may be changed by inclusion of dietary fat sources from unsaturated 
and saturated fats into diet 14 d before slaughter.

Key Words: fat source, fat deposition, blood metabolite, broiler 
chicken

416P   Effects of diet and fiber inclusion in the diet on pH of the 
digestive tract of broilers and pullets from 1 to 21 d of age. M. V. 
Kimiaeitalab, S. Mirzaie Goudarzi, E. Jiménez-Moreno, L. Cámara, 
H. A. Mandalawi, and G. G. Mateos*, Departamento de Producción 
Animal, UP Madrid, Madrid, Spain.

An experiment was conducted to study the effects of inclusion of an 
insoluble fiber source (0 vs 3% sunflower hull; SFH) in commercial 
starter diet for broilers and pullets on the pH of the different organs of 
the gastrointestinal tract (GIT) of broilers and pullets at 7 and 21 d of 
age. In total, 280 one-day-old female broilers (Cobb 500) and 280 one-
day-old pullets (Lohmann Brown) were used. Each treatment (2 fiber 
levels × 2 type of diets × 2 type of birds) was replicated 7 times and the 
pH of the different segment of the small intestine (SI) was measured in 
2 birds at each age. The diets were based on wheat and soybean meal 
and contained 3,000 kcal AMEn/kg and 9.2% NDF in the control broiler 
diet and 2,900 kcal AMEn/kg and 11.0% NDF in the control pullet diet. 
The fiber diets included 3% SFH at the expense (wt:wt) of the control 
diets. The data were analyzed as a completely randomized design with 
main effects and their interactions. Treatment means were separated 
by using t-test. No interactions between type of bird or type of diet and 
fiber inclusion were detected for any organ pH at any age (P > 0.05). 
At 7 d of age the pH of the crop and the different segments of the SI 
was higher and that of the gizzard was lower in pullets than in broilers 
(P < 0.01). Also at this age, the pH of the different segments of the SI 
decreased in birds fed the pullet diet (P < 0.01) but no differences were 
detected in the gizzard. Fiber inclusion had little effect on organ pH at 
this age. At 21 d of age the pH of the SI was higher in pullets than in 
broilers (P < 0.05) and lower for birds fed the pullet diet than for birds 
fed the broiler diet (P < 0.05). Fiber inclusion reduced gizzard pH at 

21 d of age (P < 0.01). It is concluded that at same age, the pH of the 
digestive organs differ between broilers and pullets. Also, digesta pH 
is affected at different extent by fiber inclusion, depending on the organ 
and type of bird considered.

Key Words: digestive tract pH, fiber, gizzard traits, insoluble, sun-
flower hull

417P   Influence of supplementation of the diet with lysolecithin 
on productive performance and egg quality of brown-egg laying 
hens from 23 to 47 weeks of age. H. A. Mandalawi1, A. Pérez-
Bonilla2, M. V. Kimiaeitalab1, and G. G. Mateos*1, 1Departamento 
de Producción Animal, Universidad Politécnica de Madrid, Madrid, 
Spain, 2Camar Agroalimentaria S. L., Toledo, Spain.

In total, 160 Lohmann Brown hens, 23 wk of age, were used to study 
the influence of lysolecithin suplementation to the diet on productive 
performance and egg quality. Diets were based on corn, soybean meal, 
and sunflower meal and contained 2,750 kcal AMEn/kg, 16.5% CP, 
0.72% digestible Lys, 3.90% Ca, and 0.31% digestible P. All diets were 
supplemented with 4% animal fat of poor quality (>15 mg peroxide/kg 
and < 8.3% linoleic acid) that was obtained from the processing (pres-
sure and heating) of meat by-products from the dried ham and shoulder 
industry. Productive performance was recorded by replicate every 28 d 
and cumulatively (23 to 47 wk of age). Also, egg quality (Haugh units, 
yolk color, shell thickness, shell strength, percentage of dirty, broken, 
and shell less eggs, and percentage of albumen, yolk, and shell of the 
egg) were measured in 10 eggs per replicate. These eggs were chosen 
at random from eggs produced for the last 2 d of each 28-d period. 
Data were analyzed as a completely randomized design with 2 treat-
ments and 8 replicates (a cage with 10 hens) per treatment. Treatment 
means were separated using the t-test. Cumulative egg production and 
egg weight were not affected by treatment (P > 0.05). Feed conversion 
ratio per dozen of eggs was better for the lysolecithin fed group than for 
the control fed group but the differences detected did not reach signifi-
cance (P > 0.05). None of the egg quality traits studied was affected by 
lysolecithin supplementation. It is concluded that under the conditions 
of the current experiment, characterized by the high level of egg pro-
duction of the hens (over 93% as an average for the whole experiment), 
the supplementation of the diet with 0.05% lysolecithin did not affect 
significantly productive performance or egg quality.

Key Words: egg quality, laying hen, lysolecithin, productive 
performance

418P   Influence of lipids sources on internal and external 
quality of Japanese quail eggs. B. R. L. A. Meireles, J. H. Vilar-Da 
Silva*, P. B. Lacerda, J. M. F. Brito, J. Jordão Filho, A. N. Da Silva, 
and M. S. Madruga, Department of Agricultural and Animal Science, 
Federal University of Paraiba, Bananeiras, PB, Brazil.

The fatty acid profile of the egg is altered by the predominant source of 
lipids in the diet. The producers of quail eggs need information about 
better and cheaper sources of lipids to add in the quail diet. A few years 
ago, this matter had not received the same attention by quail egg indus-
try as in the egg industry of laying hens. Actually, the search for the 
enrichment of quail eggs, with quality fatty acids, intended for human 
consumption is the major concern of modern and emerging industry of 
quail eggs. This work aimed to evaluate the influence of lipid source and 
their mixtures on the quality of quail egg. During 63 d, 252 Japanese 
quail, 30 weeks of age, were distributed in a completely randomized 
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design with 7 diets, 6 replicates of 6 birds each. The diets were L: 2% 
linseed oil, S: 2% soybean oil, SLO: 2% of shark liver oil (Carcharhi-
nus acronotus) and their mixtures: SL: 1% S+1% L; SSLO: 1% S+1% 
SLO; LSLO: 1% L+1% SLO, and SLSLO: 0.67% S+0.67 L+0.67% 
SLO. Statistical analysis was performed by Student-Newman-Keuls (P 
≤ 0.05). The specific gravity was above 1.060 g/cm3 for all treatments 
and shell thickness presented average values of 0.612 mm, classified as 
satisfactory values, whereas older birds trended to produce eggs with 
shells of lower quality. The yolk weight (3.64 g) increased with addition 
of shark liver oil, with mean values higher (P = 0.01) than soybean oil 
diet (3.27 g), which is justified by the increased availability of lipids 
and their deposition in the yolk. However, there is no difference (P > 
0.05) for Haugh unit, albumen and shell weight, getting average values 
of 87.70; 6.91 g and 0.90 g, respectively. For the color parameter, the 
birds fed with a diet containing shark liver oil (42.78) showed yolks 
more yellowish than the diet with soybean oil (39.73). The addition of 
shark liver oil combined with other lipid sources or does not improve 
the internal quality of quail eggs.

Key Words: quality, quail egg, lipids source

419P   Egg quality of laying hens fed different lipid sources. 
T. S. Melo, J. H. Vilar-Da Silva*, D. V. G. Vieira, J. Jordao Filho, J. 
M. F. Brito, E. Y. G. S. Cruz, A. N. Da Silva, G. M. D. Lopes, M. S. 
Madruga, and N. A. P. De Sousa, Department of Agricultural and 
Animal Science, Federal University of Paraiba, Bananeiras, PB, 
Brazil.

The egg is one of the most complete foods of nature, providing a range 
of essential nutrients of high quality at low cost. Vegetable oils are com-
monly used in laying hen diets consisting of essential fatty acids that 
enrich diets and improve the nutritional quality of eggs, and are important 
sources of energy. Thus, the aim of this study was to evaluate the effects 
of bi-distilled glycerin (BG) and linseed oil (LO) levels on the parameters 
of internal quality of eggs. Overall, 336 Dekalb Brown laying hens at 
47–66 wk old and body weight of 1.671 ± 44 kg were distributed in a 
completely randomized design with 7 treatments, 8 replicates of 6 birds. 
The diets consisted of replacement of energy from soybean oil (SO) by 
energy from bi-distilled glycerin (BG) and linseed oil (LO) as follows: 
(1) a basal diet with 100% of energy from oil being supplied by SO; (2) 
50% of energy from oil coming from BG; (3) 100% of energy from oil 
of BG; (4) 50% of energy from oil of LO; (5) 100% of energy from oil 
of LO; (6) 50% of energy from oil coming from the mixture of 25% BG 
+ 25% LO; and (7) 100% of energy from oil from the mixture of 50% 
BG + 50% LO. The variables analyzed were egg external and internal 
quality and yolk color by the Roche color fan. Data were analyzed using 
GLM of SAS software and the averages of the variables were compared 
by Student-Newman-Keuls test (P ≤ 0.05).The weights and percentages 
of albumen, yolk and eggshell, specific gravity (g/cm3), yolk color and 
shell thickness (mm) of eggs from laying hens fed with different lipid 
sources showed no statistical difference (P > 0.05). However, Haugh 
units and albumen height were affected by diets (P < 0.05). The BG 
and LO diets and the mixture of BG + LO oil sources had higher Haugh 
unity and albumen height (P > 0.05) than alternative diets (SO). The 
BG and LO did not affect the characteristics of weight and percentage 
of yolk, albumen and shell, specific gravity, shell thickness and yolk 
color from laying hens. The BG and LO improved the internal quality 
of eggs regarding haugh unity of eggs from laying hens. Energy coming 
from soybean oil can be replaced by energy being supplied by LO and/
or BG on the performance of laying hens.

Key Words: glycerol, linseed oil, Haugh unit

420P   Bi-distilled glycerin, linseed, and soybean oil in laying 
hen diets— Digestibility and performance. T. S. Melo, J. H. Vilar-
Da Silva*, D. V. G. Vieira, J. Jordao Filho, J. M. F. Brito, E. Y. G. S. 
Cruz, A. N. Da Silva, G. M. D. Lopes, M. S. Madruga, and N. A. P. 
De Sousa, Department of Agricultural and Animal Science, Federal 
University of Paraiba, Bananeiras, PB, Brazil.

Oils and fats are ingredients constantly used as an energy source in 
animal feed because they improve the palatability of diets for birds. Thus, 
the aim of this study was to determine apparent metabolizable energy 
(AME), apparent metabolizable energy nitrogen corrected (AMEn) of 
bi-distilled glycerin (BG) and the performance of laying hens fed diets 
with BG, linseed oil (LO) and soybean oil (SO). In the metabolism trial, 
36 laying hens were distributed into “Brasilia” type batteries to determine 
the values of AME. The design was completely randomized with 2 diets, 
basal diet (BD) and a test diet containing 90% BD + 10% BG, with 3 
replicates of 6 birds each. In the performance trial, 336 laying hens of 
Dekalb Brown with 47–66 weeks were used. The design was completely 
randomized with 7 treatments and 8 replicates of 6 birds each. Diets 
consisted of the replacement of energy from SO by energy from BG 
and from LO as follows: (1) a basal diet with 100% of energy from oil 
being supplied by SO; (2) 50% of energy from oil coming from BG; 
(3) 100% of energy from oil of BG; (4) 50% of energy from oil of LO; 
(5) 100% of energy from oil of LO; (6) 50% of energy from oil coming 
from the mixture of 25% BG + 25% LO and (7) 100% of energy from 
oil from the mixture of 50% BG + 50% LO. Data were analyzed using 
GLM of SAS software and the averages of all variables were compared 
by Student-Newman-Keuls test (P ≤ 0.05). Performance was not affected 
by the level and oils source (P > 0.05). BG showed 3,362.5 kcal/kg of 
AME, and 3,504.8 kcal/kg of AMEn. BG showed gross energy, AME, 
AMEn and energy coefficient of metabolizability of 4,216.9 kcal/kg, 
3,362.5 kcal/kg, 3,504.8 kcal/kg, and 79.74%, respectively. From the 
economic point of view, diet with 100% of energy from oil from BG 
and 50% of energy oil being supplied by BG + and 50% by LO showed 
higher profitability index compared with basal diet (SO). Energy from 
SO can be replaced by energy from bi-distilled glycerin and/or energy 
coming from mixture 50% linseed oil plus 50% bi-distilled glycerin in 
he laying hens diets.

Key Words: metabolizable energy, glycerol, oils, laying hen

421P   Antioxidant effect of eggs of broiler breeder hens fed 
with corn or sorghum diets supplemented or not with canthaxan-
thin. C. E. B. Vivas*, A. P. Rosa, A. Londero, C. B. Santos, J. Forgia-
rini, T. S. Toledo, C. Orso, H. M. Freitas, G. D. Schirmann, V. Lucca, 
and C. S. Rocha, Poultry Science Laboratory, Federal University of 
Santa Maria, Santa Maria, Rio Grande do Sul, Brazil.

An experiment was conducted with the aim to evaluate the effects of 
supplementation of canthaxanthin (CX) or not (NC) in corn (CO) or 
sorghum (SO) diets on vitalline membrane strength (VMS; g), thiobar-
bituric acid reactive substances (TBARS; mg of MDA/kg), saturated 
and monounsaturated fatty acid profile (%) in egg yolks. The experi-
ment was carried out with 440 females and 60 males Cobb 500 broiler 
breeders from 42 to 65 weeks of age. Broiler breeders were distributed 
in a completely randomized design with factorial arrangement (2 × 2) 
with 2 ingredients (CO or SO) and supplemented with 6mg of CX/
kg or NC, totalizing 4 diets with 5 replicate pens of 22 females and 
3 males each one. VMS was evaluated 6 times during the experiment 
using TA.XT Plus Texture Analyzer 123 with 3 egg yolks by pen. To 
determine TBARS, a pool of 3 egg yolks by pen was used after 7 d of 
storage at room temperature; TBARS was measured 4 times during the 
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experiment. Three eggs by replicate (pool) produced at 54 wk of age 
were submitted to determine the saturated and unsaturated fatty acids 
profile. Data was submitted to variance analysis and Tukey test was 
used when significant differences were detected at 5%. The software 
used was SAS 2000. It was not observed significant difference (P > 
0.05) at the interactions between factors for TBARS in the periods 
evaluated (P > 0.05). However, when VMS was determined the SO+NC 
was better than CO+NC (P = 0.0145) (8.32g vs 7.65g). The saturated 
fatty acid profile was better in CO+NC and CO+CX (P = 0.0586) than 
SO+NC and SO+CX (23.22%, 23.50% vs 21.49%, 21.39%). When 
the monounsaturated fatty acid profile was analyzed CO+CX had the 
best percent of monounsaturated fatty acids (P = 0.9836) (27.30a), the 
worst was SO+NC (24.81c). However, when compared with the others 
results the CO+NC (27.03ab) did not have difference between CO+CX 
and SO+CX, which SO+CTX (25.10bc) did not show difference when 
it was compare with CO+NC and SO+NC. The results suggest that the 
use of sorghum associated or not with canthaxanthin could be used in 
broiler breeder diet without negative effect on the antioxidant effect and 
in the fatty acids profile.

Key Words: corn, sorghum, canthaxanthin, antioxidant

422P   Influence of corn or sorghum diets with or without 
supplementation of canthaxanthin on egg quality parameters 
of broiler breeders. C. E. B. Vivas*, A. P. Rosa, A. Londero, C. 
B. Santos, J. Forgiarini, T. S. Toledo, C. Orso, H. M. Freitas, G. D. 
Schirmann, V. Lucca, M. F. Kuhn, K. P. Pontin, and C. S. Rocha, 
Poultry Science Laboratory of Federal University of Santa Maria, 
Santa Maria, Rio Grande do Sul, Brazil.

An experiment was conducted with the aim to evaluate the effects of 
supplementation of canthaxanthin (CX) or not (NC) in corn (CO) or 
sorghum (SO) diets on the egg quality of Cobb 500 broiler breeders 
in Federal University of Santa Maria (UFSM). Haugh units [HU; HU: 
100 × log(h−1.7w0.37 + 7.6), where h = albumen height (mm), w = egg 
weight (g)], index yolk (IY) and egg, shell, yolk and albumen weight 
(g) were the parameters evaluated. The experiment was carried out with 
440 females and 60 males from 42 to 65 weeks of age. The birds were 
distributed in a completely randomized design with factorial arrange-
ment (2x2) with 2 ingredients (CO or SO) and supplemented with 6 mg 
of CX/kg or NC, totaling 4 diets with 5 replicate pens of 22 females and 
3 males each. To determine egg weight, the hacthable eggs from daily 
collection and according with the average weight 3 eggs by replicate 
were used to evaluate the shell, yolk and albumen weight, these analyses 
were divided in 6 periods of 4 weeks each one. To determine the HU 
and IY, 3 eggs per replicate at one, 7 and 14 d of storagewere used, 
and they were analyzed 5 times from 42 to 65 weeks of age. Data were 
submitted to variance analysis and Tukey test was used when significant 
differences were detected at 5%. The software used was SAS 2000. No 
significant (P > 0.05) interactions were observed in yolk weight, albumen 
weight and HU. But to the egg weight at the first and fourth period had 
a significant difference, which the SO had better egg weight than CO 
in both periods (P = 0.0392; P = 0.0368). At the first period the shell 
weight was better in SO than CO (P = 0.0036). Although, at the fourth 
period the shell weight was better in CX than NC (P = 0.0152). The IY 
at the seventh day of storage had a significant difference which SO was 
better than CO (P = 0.0202). Sorghum supplemented with canthaxantin 
in diets could be an alternative to replace corn without negative effects 
on the egg quality in broiler breeder hens.

Key Words: corn, sorghum, canthaxanthin, production, quality

423P   Description of the broiler breeder growth submitted to 
different feeding programs. N. T. Ferreira*, N. K. Sakomura, P. R. 
O. Carneiro, and J. C. P. Dorigam, Faculdade de Ciências Agrárias e 
Veterinárias, UNESP, Jaboticabal, São Paulo, Brasil.

One way to control the increase of feed intake and excess of lipid 
reserves in broiler breeders is the feed restriction during the rearing 
period. However, the feed supply must meet their requirements, because 
the restriction might affect the reproductive performance. Therefore, it 
is necessary to study the growth curve of broiler breeders submitted to 
different feeding programs during the growth phase. Four hundred eighty 
Cobb broiler breeders were used, from 1 to 25 wk of age, distributed 
in a completely randomized design, submitted to 3 feeding programs 
(ad libitum, daily restriction, and skip-a-day), with 8 replicates of 20 
birds each. Both lighting program and the diets were according recom-
mendations of lineage manual. The breeders were subjected to feeding 
programs up to 18 wk of age, after this period all birds were fed daily 
under restriction. Weekly, birds were weighed to determine average 
body weight to adjust the amount of feed. According to each feeding 
program, the body growth was fitted by Gompertz function:W(t) = 
Wm.e-e[−b(t − t*)], where W(t) = weight at time t, t = the age of the bird 
(days); Wm = weight at maturity (kg), b = daily rate of maturity/day, t* 
= age at maturity (days) and e = the Euler number. Adjusted parameters 
are shown in Table 1. The results show that bird fed ad libitum develops 
faster than daily restriction and skip-a-day, coming up with a lowest 
Wm and t*. However, b for ad libitum (0.04) was greater than other 
2 treatments (0.009). Despite the birds fed ad libitum presents lower 
Wm and t*, after reaching maturity weight there is a greater accumula-
tion of lipid reserves until the birds reach sexual maturity, resulting in 
a higher body weight. However, this fast development is not desired, 
because breeders too heavy at sexual maturity have higher incidence 
of follicular atresia and internal ovulation. With the parameters found, 
it can be concluded that skip-a-day and daily restriction programs can 
be used without harming in the next phase creation.

Table 1. Parameter values calculated from Gompertz function for body weight 
for each feeding program

 Feeding program Wm b t*

Ad libitum 4.588 ± 0.03 0.04 ± 0.001 57.1 ± 0.5

Daily restriction 6.849 ± 0.5 0.009 ± 0.001 145.9 ± 9.3

Skip-a-day 6.130 ± 0.7 0.009 ± 0.001 131.1 ± 14.3

Key Words: body weight, feed intake, Gompertz curve

424P   Description of the growth of reproductive organs and 
liver of broiler breeders. N. T. Ferreira*, N. K. Sakomura, J. C. P. 
Dorigam, L. Soares, and E. P. Silva, Faculdade de Ciências Agrárias 
e Veterinárias, UNESP, Jaboticabal, São Paulo, Brazil.

Mathematical models have been used as a tool in poultry nutrition to 
adjust the nutritional levels for each breeding phase. However, for its 
application on broiler breeders is necessary to describe the growth of 
the reproductive organs up to the sexual maturity. This study aimed to 
determine the growth parameters of the body and reproductive organs 
of broiler breeders, based on the Gompertz function. 144 Cobb broiler 
breeders were used and distributed in 8 replicates of 18 birds per rep-
licate. During the experimental period, feed was controlled, according 
to the lineage guide. From 18 to 28 weeks of age, 5 birds were killed 
weekly. Birds were killed using CO2 (after 36 h of fasting) and the 
carcass was defeathered and weighed. Ovary, oviduct and liver were 
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also collected and weighed. The organs and defeathered carcass were 
subjected to protein analysis. Parameters of the growth were estimated 
using the Gompertz function: W(t) = Wm.e−e[−b(t − t*)], where W(t) is 
weight at time t, t is the age of bird (day); Wm is the weight at maturity 
(g), b is the daily rate of maturity, t* is the age at maturity (days) and e 
is the Euler’s number. Thus, the adjusted parameters are shown in Table 
1. Body weight and liver achieved the same age at maturity considering 
the protein content (98.1 vs 98.5), while ovary and liver have similar 
Wm (71.7 vs 72.2). Oviduct develops before the ovary, with a slight 
difference in b and a difference of one week until reach the maturity 
(t*). It is possible that the reproductive potential depends on the rate 
of growth of these organs. As seen in the results, the organs continue 
to grow after the body weight reaches the maturity and is essential to 
consider these factors in estimating requirements for this phase for a 
good egg production.

Table 1. Values of parameters calculated from Gompertz function for weight 
(W, g) and protein weight (P, g) of body, liver and reproductive organs

 Wm b t*

Body
(defeathered)

 W 4,585.8 ± 143.5 0.012 ± 0.003 77.5 ± 14.3

  P 955.0 ± 30.8 0.015 ± 0.003 98.1 ± 9.7

Liver

 W 72.2 ± 3.9 0.028 ± 0.011 100.9 ± 13.2

  P 11.4 ± 0.6 0.027 ± 0.010 98.5 ± 14.7

Oviduct

 W 80.4 ± 3.2 0.074 ± 0.011 155.8 ± 1.6

  P 12.0 ± 0.6 0.076 ± 0.016 160.1 ± 2.1

Ovary

 W 71.7 ± 3.6 0.063 ± 0.011 162.6 ± 2.1

  P 9.2 ± 0.5 0.055 ± 0.021 162.1 ± 5.5

Key Words: feed intake, Gompertz curve, sexual maturity

425P   Effect of soybean meal treatment with Salmex on protein 
and energy digestibility for broilers. N. T. Ferreira*1, N. K. Sako-
mura1, F. A. Longo2, J. Vittori2, J. C. P. Dorigam1, M. B. Lima1, and 
C. A. Gonçalves1, 1Faculdade de Ciências Agrárias e Veterinárias, 
UNESP, Jaboticabal, São Paulo, Brazil, 2Btech Tecnologias Agro-
pecuarias e Comercio Ltda, Valinhos, São Paulo, Brazil.

Several products have been used to control the contamination in feed 
production and, some of them, can reduce the availability of the nutri-
ents. The aim of this study was to evaluate the effect of soybean meal 
treatment with anti-salmonella (Salmex) on protein and energy digest-
ibility. Two trials were conducted. In the 1st trial 360 d-old male chicks 
(Cobb) were distributed in a completely randomized design (CRD) with 
3 treatments and 8 replicates of 15 birds each. The treatments used in 
the evaluation of the ileal digestibility were: control diet (CD), CD with 
soybean meal (SB) treated with 1 (CDSB1) and 2 kg (CDSB2) of Salmex 
per ton. At 28 d of age, the ileal digesta was collected. In the 2nd trial, 
24 Cobb roosters were distributed in a CRD with 4 treatments and 6 
replications each. The treatments were: SB; SB treated with 1 (SB1) 
and 2 kg of Salmex per ton (SB2) and 1 treatment with fasted birds. 
The roosters were force-fed 80 g of SB to determine the digestibility. 
The samples (ileal digesta and excreta) were analyzed to determine the 
coeficients of digestibility for protein and energy, which are presented 

in Table 1. The experimental data were submitted to ANOVA and the 
means were compared by Tukey’s test at 5% of significance. There were 
no statistically significant differences in the parameters evaluated (P > 
0.05). However, higher TME values were observed in SB2 compared 
with soybean without Salmex treatment (SB; P < 0.05). In conclusion, 
there is no impairment on digestibility of SB treated with Salmex, 
dismissing the hypothesis that the addition of this product can make 
unavailable nutrients of the diet affecting the performance of broilers.

Table 1. Means values (on DM basis) of digestible energy (DE) and protein 
(DP), true metabolizable energy (TME) and TME corrected for nitrogen bal-
ance (TMEn), apparent (ADP) and true (TDP) digestibility of protein in soy-
bean meal

 CD CDSB1 CDSB2

DE 3.05 ± 0.04 3.08 ± 0.02 2.98 ± 0.05

DP 80.7 ± 0.7 81.4 ± 0.5 79.0 ± 1.1

 SB SB1 SB2

TME 3.89 ± 0.02b 3.96 ± 0.02ab 3.99 ± 0.03a

TMEn 3.37 ± 0.14 3.63 ± 0.05 3.59 ± 0.08

ADP 72.2 ± 6.5 76.4 ± 5.8 75.1 ± 3.9

TDP 87.3 ± 6.5 85.4 ± 5.1 90.2 ± 3.9

Key Words: digestible energy, metabolizable energy, force-feeding, 
ileal digestibility

426P   Energy value of camelina meal for broiler chickens. A. 
Y. Pekel*1 and O. Adeola2, 1Istanbul University, Istanbul, Turkey, 
2Purdue University, West Lafayette, IN.

This study was conducted to determine the ileal digestible energy (IDE), 
ME, and MEn contents of 2 different camelina meal (CM1 and CM2) 
samples for 4-wk-old broiler chickens by the regression method. The 
respective analyzed composition of CM1 and CM2 were 932 and 892 
g of DM/kg, 4.8 and 4.9 Mcal of GE/kg, 356 and 337 g of CP/kg, 131 
and 135 g of crude fat/kg, 126 and 152 g of crude fiber/kg, 2.2 and 2.5 
g of Ca/kg, and 7.8 and 8.0 g of P/kg. The CM1 and CM2 were incor-
porated into a corn-soybean meal-based reference diet at 3 levels (0, 
100, or 200 g/kg) by replacing the energy-yielding ingredients. These 5 
diets were fed to 320 male Ross 708 broilers from d 21 to 28 posthatch 
with 8 birds per cage and 8 replicates per treatment in a randomized 
complete block design. The data were analyzed by the general linear 
models procedures of SAS. Excreta were collected twice daily from d 
25 to 28, and jejunal digesta and ileal digesta from the Meckel`s diver-
ticulum to approximately 2 cm cranial to the ileocecal junction were 
collected on d 28. Jejunal digesta viscosity was linearly increased (P < 
0.001) from 2.2 to 4.1 cP with increasing dietary camelina meal levels. 
The inclusion of CM1 and CM2 linearly decreased (P < 0.001) ileal 
digestibility of DM, energy, and IDE. Supplementation of CM1 and 
CM2 linearly decreased (P < 0.001) metabolizability of DM, nitrogen, 
energy, ME, and MEn. By regressing the CM1 and CM2-associated IDE 
intake in kilocalories against kilograms of CM1 and CM2 intake, the 
IDE regression equation was Y = −10 + 1,429 × CM1 + 2,125 × CM2, 
r2 = 0.55, which indicates that IDE values of 1,429 kcal/kg of DM for 
CM1 and 2,125 kcal/kg of DM for CM2. The ME regression was Y 
= 5 + 882 × CM1 + 925 × CM2, r2 = 0.54, which implies ME values 
of 882 kcal/kg of DM for CM1 and 925 kcal/kg of DM for CM2. For 
MEn, the regression was Y = 2 + 795 × CM1 + 844 × CM2, r2 = 0.52, 
which implies MEn values of 795 kcal/kg of DM for CM1 and 844 
kcal/kg of DM for CM2. Based on these results, utilization of energy 
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and nitrogen in camelina meal by broiler chickens is low and the high 
viscosity observed in jejunal digesta may have contributed to the poor 
energy and nitrogen utilization.

Key Words: camelina meal, viscosity, ileal digestible energy, 
metabolizable energy, broiler chicken

427P   True phosphorus digestibility of camelina meal in broiler 
chickens. A. Y. Pekel*1, S. A. Adedokun2, and O. Adeola2, 1Istanbul 
University, Istanbul, Turkey, 2Purdue University, West Lafayette, IN.

This study was conducted to determine the true digestibility of P in 2 
different camelina meals using the regression method. Six semi purified 
experimental diets containing 120, 240, or 360 g of camelina meal/kg 
from camelina meal 1 (CM1) and camelina meal 2 (CM2) were formu-
lated. Camelina meal 1 and CM2 analyzed to contain 22.7 and 28.7 g 
of phytic acid / kg on as is basis. A total of 384 male Ross 708 broilers 
were allocated to 6 dietary treatments with 8 cages (6 birds per cage) 
per treatment from d 18 to 23 post-hatching in a randomized complete 
block design. Chromium dioxide was included in diets as an indigestible 
marker to calculate P digestibility and retention. Data were analyzed as 
a 2 × 3 factorial in a randomized complete block design, and linear and 
quadratic contrasts for each of CM1 and CM2 were used to separate 
means. The result showed that BW gain and G:F were decreased (linear, 
P < 0.001), and ileal DM digestibility and DM retention were decreased 
(linear, P < 0.001) with graded levels of CM1 and CM2 in diets. There 
were linear increases (P < 0.001) in ileal and excreta P output with an 
increase in dietary CM1 and CM2 levels. Decreasing linear (P < 0.01) 
relationship was observed for apparent ileal P digestibility and total 
tract P retention with increased dietary CM1 and CM2 levels. Appar-
ent ileal digestibility and total tract retention of P decreased (P < 0.01) 
from 60 to 40 and 59 to 29%, respectively for CM1. For birds fed diets 
containing CM2, apparent ileal digestibility and total tract retention 
of P decreased (P < 0.001) from 69 to 38 and 72 to 37%, respectively. 
From the regressions of ileal and excreta P output against intake of P 
from CM1 or CM2, true ileal P digestibility and true P retention were 
determined to be 35.73 and 14.76%, and 24.39 and 20.87% for CM1, 
and CM2, respectively. In conclusion, result of the current experiment 
showed that camelina meal inclusion caused a significant reduction in 
P digestibility and P retention in broiler chicks.

Key Words: phosphorus, true digestibility, retention, camelina meal, 
broiler chicken

428P   Gene expression of hepatic methionine and cysteine 
enzymes in broiler chicks in response to dietary B6, B12, folic 
acid, methionine and cysteine. M. Putsakum*1, N. Boonsinchai2, J. 
Caldas2, K. Vignale2, P. Naruphontjirakul2, J. England2, E. Greene2, 
S. Dridi2, and C. Coon2, 1Sukhothai Thammathirat Open University, 
Pak Kret, Nonthaburi, Thailand, 2University of Arkansas, Fayette-
ville, AR.

The objective of this study was to determine the expression of methio-
nine adenosyltransferase (MAT), cystathionine β-synthase (CBS) and 
cystathionase (C-ase) enzyme in broiler chicks fed with vitamin defi-
ciency diets and purified diets with different levels of dl-methionine 
(Met) and l-cysteine (Cys). Exp. 1; 208 d-old broiler chicks were fed a 
basal diet (control group), diluted corn soy diets (without added vitamin 
B6, B12 and folic acid), diluted corn soy diet supplemented with B6, 
diluted corn soy diet supplemented with B12 and diluted corn soy diet 
supplemented with folic acid for 7 d. Exp. 2; 630 d-old broiler chicks 
were fed a basal diet (%Met:%Cys 100:100; control group) and synthetic 

diets supplemented with different levels of Met and Cys (%Met:%Cys 
0:0, 0:50, 0:100, 50:0, 50:50, 50:100, 100:0, 100:50) for 7 d. CRD with 
2 replications was used. At 1, 3, 5 and 7 d of age, 5 birds/treatment (Exp. 
1) and 10 birds/treatment (Exp. 2) were killed and the liver samples were 
collected. Expression of MAT, CBS and C-ase genes in liver samples 
were assessed by real-time PCR. Data were analyzed by ANOVA and 
Student’s t-test. Exp. 1 (5 d): Chicks fed diluted basal diets without B6, 
B12 and folic acid supplementation increased relative expressions of the 
MAT 5-fold, chicks fed diluted basal diet supplemented with folic acid 
increased relative expressions of CBS 2-fold, chicks fed diluted basal 
diet supplemented with B6 and chicks fed diluted basal diet without B6, 
B12 and folic acid increased relative expressions of C-ase 2-fold com-
pared with control fed chicks (P < 0.05). Exp. 2: The relative expressions 
of the 3 enzymes were significantly different among treatments (P < 
0.05), and among ages (P < 0.05). Chicks, 5 d of age, fed purified diets 
with 0%Met and 100%Cys produced the highest relative expressions 
of all enzymes. The relative expressions of MAT, CBS and C-ase genes 
were 5-fold, 11-fold, and 2-fold in this group compared with same genes 
in control group (P < 0.05). The results indicate that chickens fed with 
B6, B12, folic acid, Met and Cys deficiency diet increased hepatic Met 
and Cys enzymes production.

Key Words: MAT, CBS, C-ase, gene expression, broiler chick

429P   The effect of three levels of unmilled hybrid rice on 
growth performance of hatchling ducks. C. Villemarette*, E. 
Lyons, T. Shields, B. Chung, and F. LeMieux, McNeese State Univer-
sity, Lake Charles, LA.

This study was conducted to determine the effects of 3 levels of unmilled 
hybrid rice on growth performance and linear measurements of organs 
and the gastrointestinal system of Mallard ducks. One hundred twenty 
hatchling mallard Anas platyrhynchos ducks were randomly allotted 
to 3 dietary treatments: (1) corn-soybean meal (basal), (2) basal + 
5% hybrid rice, and (3) basal + 10% hybrid rice. Each treatment was 
replicated with 8 pens of 5 birds each. The pen of ducks served as the 
experimental unit. All diets were formulated to meet or exceed dietary 
requirements for ducks from 0 to 4 wk of age. One bird from each pen 
was necropsied at 21 d and the remaining birds at the end of the trial to 
determine gizzard, heart, liver, and proventriculus weight and esophagus, 
duodenum, jejunum, and ileum length. Initial BW for all birds was 31.8 
g. Final BW were TRT 1 = 488.9 g, TRT 2 = 500g, and TRT 3 = 430.9 
g. Data were analyzed by ANOVA procedures using the GLM procedure 
of SAS. There were no differences (P > 0.10) in ADG between birds 
fed the basal diet and 5% hybrid rice from 0 to 7 d, 7–14 d, or 14–21 
d. However, 10% hybrid rice decreased (P < 0.05) ADG during these 
same growth periods when compared with diets with 0 or 5% hybrid 
rice. In addition, 10% hybrid rice decreased ADFI d 7–14 and d 14–21. 
Diet did not affect (P > 0.10) proventriculus weight. Ten percent hybrid 
rice decreased (P < 0.05) liver, heart and gizzard weight. There was no 
difference (P > 0.10) in esophagus or duodenum length. Five percent 
hybrid rice increased (P < 0.05) jejunum and ileum length. Five percent 
hybrid rice did not negatively affect growth or tissue development. The 
addition of 10% unmilled hybrid rice decreased growth and organ weight 
but had no effect on gastrointestinal tract.

Key Words: duck, hybrid rice, growth, gastrointestinal length
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430P   Evaluation of low-tannin sorghum in broiler chicken 
diets. S. Shelton*, M. Frank, T. Clark, C. Eagleson, P. Maharjan, J. 
Kelly, P. Waldroup, and S. Watkins, University of Arkansas, Fayette-
ville, AR.

A study was conducted to evaluate the effects of different levels of low 
tannin grain sorghum on broiler live performance, carcass yield and 
shank and breast skin coloring. Iso-caloric diets were formulated where 
sorghum replaced corn at rates of 0% (control), 20, 40, 60, 80, and 100% 
for a total of 6 diets. In total, 1,500 Cobb 500 male broiler chicks were 
randomly allocated to 60 pens with 25 birds per pen (10 pens/diet) and 
grown to 46 d. There were no significant differences between treat-
ments for livability and average weight on d 0, 14, 28, and 46 (for diets 
1 through 6, respectively, on d 46 weights: 3,559, 3,539, 3,558, 3,618, 
3,623, 3,578 g, P = 0.1257). Day 46 adjusted feed conversion (FCR) 
was higher (P < 0.05) for the 100% grain sorghum diet as compared 
with 0, 60 and 80% sorghum inclusion, (1.685b, 1.700ab, 1.691ab, 1.684b, 
1.681b, 1.722a for diets 0% through 100% respectively). No significant 
differences were seen in yield or carcass fat. Live shank coloring scores 
measured with the Roche color fan at d 46 were significantly different 
between every treatment with the 100% corn diets having the yellowest 
shanks (104.24) and the 100% grain sorghum diets having the lightest 
colored shanks (101.12). Breast skin color evaluation post-processing 
showed a similar trend (P = 0.0001) with the birds fed the 0 and 20% 
grain sorghum diets having the yellowest skins (102.57 and 102.49). 
Coloring steadily decreased as dietary grain sorghum increased with 
the 80 and 100% sorghum diets having the lightest breast skin coloring 
(101.98).

Key Words: grain sorghum, broiler chicken, corn

431P   Feed intake and performance of pastured laying hens. K. 
J. Baluch*1, P. H. Patterson1, A. M. Mayer1, M. Alp2, H. K. Burley1, 
J. F. Tooker1, and M. R. Douglas1, 1The Pennsylvania State Univer-
sity, University Park, PA, 2Instanbul University, Istanbul, Turkey.

There is market demand for pasture-based poultry products; however, 
there is a need to quantify the nutrition that pastured poultry derive from 
forage and insect consumption. A trial using 148 Hyline Brown laying 
hens measured forage intake of pastured birds and compared perfor-
mance of full-fed pastured (FF-P) birds and feed-restricted pastured 
(RES-P) birds to full-fed cage (FF-C) reared birds. From July through 
October (18–30 wk of age), 2 coops (28 hens each) of FF-P birds received 
mash feed ad libitum while another 2 coops (28 hens each) of RES-P 
birds received 80% of the mash intake of FF-C birds (36 hens). Each 
pasture was 6.1x6.1m and all birds had pasture access for 10 h/d (0900 to 
1900) and were otherwise secured in coops for nest access and protection 
from predators. Egg production (EP) was recorded daily, while body 
weight (BW), feed intake (FI), and egg interior quality were assessed 
bi-weekly. Data from each 2-wk period were analyzed using a one-way 
ANOVA with Tukey’s means separation test (P ≤ 0.05) and data across 
all periods were summarized using a repeated measures design. Mash 
FI of hens was significantly lower for RES-P than FF-C and FF-P hens 
in all periods. Mean EP was similar for FF-C and FF-P hens (82.17% 
average), and this production was significantly greater than RES-P hens 
(58.16%; P = 0.0280). Final mean BW at 30 wk for FF-C and FF-P hens 
was 1.93 and 1.95, respectively, which was significantly greater than the 
1.75 kg for RES-P hens (P < 0.0001). Egg weight and interior quality 
were also lower for RES-P hens. Despite crop content measurements 
(at 24 and 30 wk) indicating some forage and insect consumption (up 
to 5.70 and 0.42% of crop contents, respectively, for hens on pasture), 
RES-P hens were still unable to maintain BW, EP, or egg interior quality 

compared with hens fed ad libitum. Therefore, one should not assume 
significant nutrients are derived by laying hens with pasture access.

Key Words: pasture, forage intake, efficiency, laying hen, production

432P   Crude protein levels for quails at starter phase. C. E. B. 
Merseguel*1, G. V. Polycarpo1, M. F. C. Burbarelli1, A. C. P. Carão1, 
K. S. Andrade1, R. K. Silva1, T. N. Santos1, P. A. P. Ribeiro1, K. D. 
Lelis1, T. C. Kasmanas1, P. P. M. Godoy1, R. Bueno2, R. A. Bordin2, 
M. E. G. Moro1, R. Albuquerque1, 1University of São Paulo, Piras-
sununga, Brazil, 2FATEC, Mogi das Cruzes, São Paulo, Brazil.

Levels of crude protein (CP) for quails (Coturnix coturnix coturnix) are 
still not well established due to bird sex and each creation stage, besides 
the need of constant updates in nutritional requirements due to genetic 
improvement of these birds. Therefore, this study aims to evaluate 
increasing levels of CP for male and female quails at the age between 
1 and 21 d. The birds were allotted in a completely randomized design 
featuring a 2 × 5 factorial arrangement: sex effect (male and female) 
and CP levels (20.0, 22.5, 25.0, 27.5, 30.0%). Diets were formulated 
based on corn and soybean meal. Performance variables evaluated were: 
feed intake (FI), weight gain (WG), feed conversion (FC) and viability 
(VB). VB was calculated by the following formula: 100 − mortality. 
At 7 d, there was an interaction (P < 0.0001) for FC: females had a 
decreasing linear effect (P < 0.0001) as CP levels increased and males 
had a quadratic effect (optimal CP level = 28.16%, P = 0.0125). The WG 
increased linearly (P = 0.0018) due to enhanced CP. The FI had a sex 
effect (P = 0.0071): males consumed more than females. There was no 
interaction on quail performance at 14 d. The WG had quadratic behavior 
(P = 0.0004) increasing to the level of 26.84% CP, decreasing past this 
point. FC had a quadratic effect (P < 0.0001) where the highest level 
of CP was 28.99%. There was a sex effect (P < 0.0001) where female 
presented best values. No treatment effects were found on FI and VB at 
this period. At 21 d, no interaction on quail performance was observed. 
The WG and FC had quadratic behavior (P = 0.0015 and P = 0.0002), 
with the optimal level at 25.50% and 27.06% CP, respectively. Decreas-
ing linear effect for VB (P < 0.0001) was observed. In conclusion, the 
levels of CP at starter phase ranging near 30% demonstrate the high CP 
requirement of male and female quails to attain best performance indices.

Key Words: Coturnix coturnix coturnix, initial development, nutrient 
requirement, performance

433P   Effect of feeding duration of layer diets containing corn 
distillers dried grains with solubles on lutein and zeaxanthin 
concentrations of egg yolk. J. M. Heo*1, H. S. Shin2, J. W. Kim2, C. 
H. Kim3, and D. Y. Kil2, 1Chungnam National University, Daejeon, 
Korea, 2Chung-Ang University, Anseong-si, Korea, 3Rural Develop-
ment Administration, Cheonan-si, Korea.

Corn distillers dried grains with solubles (DDGS) is a fermented prod-
uct of the corn high in xanthophyll (e.g., lutein and zeaxanthin), and 
therefore, the DDGS is expected to contain high amounts of lutein and 
zeaxanthin. It has been reported that increasing inclusion of DDGS in 
diets fed to laying hens increased lutein and zeaxanthin concentrations 
of egg yolk, but the data pertaining to the effect of feeding duration of 
diets containing DDGS on lutein and zeaxanthin concentrations of egg 
yolk has been limited. Therefore, the objective of this experiment was to 
measure lutein and zeaxanthin concentrations of egg yolk in laying hens 
fed diets containing DDGS with different feeding duration. A total of 
three hundred 57-wk-old Hy-line Brown laying hens were allotted to 1 
of 5 treatment groups (feeding duration) with 6 replicate cages of 2 hens 
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each in a completely randomized design. The corn-soybean meal-based 
basal diet was prepared (5.0 and 4.9 mg/kg for lutein and zeaxanthin, 
respectively) and one additional diet was formulated by adding 20% 
DDGS to the basal diet (8.0 and 8.6 mg/kg for lutein and zeaxanthin, 
respectively) at the expense of corn and soybean meal. Diets were fed 
to hens as ad libitum basis for 12 weeks. The feeding duration of diets 
containing DDGS was 0, 3, 6, 9, or 12 weeks before the end of the 
experiment, and except for feeding period of diets containing DDGS, 
all hens were fed the basal diet. At the conclusion of the experiment, 4 
eggs were randomly collected from each replicate and pooled egg yolk 
samples were analyzed for lutein and zeaxanthin concentrations of 
egg yolk. Orthogonal polynomial contrast test was performed. Results 
indicated that increasing feed duration of diets containing DDGS from 
0 to 12 weeks increased (linear, P < 0.01) lutein (39.1, 67.6, 70.9, 73.3, 
and 102.6 µg/g) and zeaxanthin (61.2, 103.7, 109.3, 119.3, and 174.2 
µg/g) concentrations in egg yolk. In conclusion, increasing feeding 
duration of diets containing DDGS for laying hens is a potential means 
for fortifying egg yolk with lutein and zeaxanthin.

Key Words: corn distillers dried grains with solubles (DDGS), feed-
ing duration, egg yolk, lutein, zeaxanthin

434P   Effect of early feed restriction and low ambient tem-
perature on ascites development in broiler chickens. M. Kamely, 
M. A. Karimi Torshizi, and S. Rahimi*, Tarbiat Modares University, 
Tehran, Iran.

Pulmonary hypertension syndrome (PHS or ascites) is one of the major 
causes of mortality in modern broiler production that increase in low 
ambient temperature. It has been demonstrated that the incidence of 
ascites can be greatly controlled through feed restriction. A completely 
randomized design based on factorial experiment was conducted to 
determine if the diet dilution can reduce the incidence of ascites for 
broilers reared under cold condition. Data were analyzed using GLM 
procedure of SAS for a factorial arrangement of data. Test of significance 
for the differences between means was done by Duncan’s multiple range 
tests. Statements of statistical significance were based on (P < 0.05). 
Additional regression analyses were performed to find the effects of rice 
hull on evaluated parameters. To study the effects of feed restriction on 
ascites syndrome incidence in broiler, 180 Ross 308 cockerels with 10 
treatments and 3 replications with 6 birds in each pen were examined. 
Treatments were applied with inclusion of 0, 15, 30, 45, and 60% rice 
hull into grower diet from 7 to 14 d of ages, under 2 different tempera-
ture conditions; the temperature of first room was set at 12 to 15°C 
from 15 to 42 d of age as a cold room and the second room had normal 
temperature (according to Ross 308 management manual). At the end 
of 6 wk, blood samples were taken, and the birds were weighed, killed 
and examined for ascites occurrence. Unbelievably, ascites clinical signs 
were not observed in this experiment in such low temperature. However, 
broilers which grown in cold condition had higher right ventricle/body 
weight ratios, right ventricle/total ventricle (RV/TV) ratios, hemoglo-
bin and hematocrit, and erythrocyte osmotic fragility was decreased in 
birds grown in cold condition due to red blood cells enlargement (P 
< 0.05). Also RV/TV and hematocrit linearly declined by increasing 
in rice hull levels in restricted groups (P < 0.05). It can be concluded 
that cold temperature solely cannot induce ascites in broilers and some 
other factors such as air conditioning, O2 concentration and density are 
important in ascites outbreak.

Key Words: early feed restriction, broiler, ascites syndrome

435P   Effects of low ambient temperatures and dietary vitamin 
C supplementation on pulmonary vascular remodeling and 
hypoxic gene expression of 21-day-old broilers. X. Yang, K. Y. 
Zhang, X. M. Ding, S. P. Bai, Y. H. Luo, J. P. Wang, Y. Xuan, and Q. 
F. Zeng*, Institute of Animal Nutrition, Key Laboratory for Animal 
Disease Resistance Nutrition of the Ministry of Education, Sichuan 
Agricultural University, Ya’ an, China.

Pulmonary vascular remodeling (PVR) has a key role for the incidence of 
ascites syndrome (AS) in broilers. Low ambient temperature (LAT) can 
increase the rate of metabolic rates and oxygen need, and then induced 
oxidative stress in broilers. Vitamin C is an excellent antioxidant. 
Therefore, the purpose of this study was to evaluate the effect of low 
ambient temperature (LAT) and vitamin C (VC) dietary supplementa-
tion on PVR and the relative expression of hypoxia inducible factor-1a 
(HIF-1a), vascular endothelial growth factor (VEGF) and its receptor 
(VEGFR) mRNA of lungs in 21-d-old broilers. The experiment used a 
2x2 factorial aarrangement. Four hundred day-old male Cobb broilers 
were divided equally to 4 treatments as follows for 21d: 1) LAT and a 
basal diet; 2) LAT and a basal diet supplemented with 1000 mg/kg VC 
(LAT + VC); 3) Normal ambient temperature (NAT) and a basal diet; 
4) NAT and a basal diet supplemented with 1000 mg/kg VC (NAT + 
VC). Each treatment was composed of 10 replicates of 10 birds per 
replicate. Samples of lung were collected after the broilers were killed 
at d 21. Two-way ANOVA of general linear models was used to test the 
main effects of temperature and VC supplementation and their interac-
tion effects on the WA/TA and mMTPA.The expression of the genes 
were analyzed with the model 2-??CT. The results indicated that LAT 
increased the ratio of vessel wall area to vessel total area (WA/TA, %) and 
mean media thickness in pulmonary arterioles (mMTPA, %) (P < 0.05). 
Dietary VC supplementation decreased mMTPA (P < 0.05), but had no 
effect on the WA/TA. LAT increased the relative mRNA expression of 
HIF-1a, VEGF and VEGFR, while adding VC to the diet decreased the 
relative mRNA expression of HIF-1a, VEGF and VEGFR. In conclusion, 
LAT resulted in pulmonary vascular remodeling, and increased HIF-1a, 
VEGF and VEGFR mRNA expression, but dietary VC supplementation 
can alleviate the negative effects of LAT in some degree.

Key Words: hypoxia inducible factor-1a, low ambient temperature, 
pulmonary vascular remodeling, vascular endothelial growth factor, 
vitamin C

436P   Effect of nanocrystalline cellulose on growth perfor-
mance, carcass traits and lipid metabolism of meat duck. H. Y. 
Han, Q. F. Zeng*, K. Y. Zhang, X. M. Ding, S. P. Bai, Y. H. Luo, and 
J. P. Wang, Institute of Animal Nutrition, Key Laboratory for Animal 
Disease Resistance Nutrition of the Ministry of Education, Sichuan 
Agricultural University, Ya’an,China.

A study was conducted to determine the effects of dietary nanocrystal-
line cellulose (NCC) on grower performance, carcass traits and lipid 
metabolism in ducks form d 1 to 35. One-day-old Cherry Valley ducks 
were fed a standard diet containing 0, 200, 500, 800, and 1,500 mg 
NCC per kilogram of diet from 1 to 35 d of age. Each dietary treatment 
consisted of 8 replicate pens of 15 birds. All data were analyzed using the 
one-way ANOVA and linear regression procedure of SPSS 17.0. Body 
weight gain and feed intake were increased (P < 0.01) in a linear manner 
by the increment of NCC addition in diet during d 1 to 14, similarly to 
BW at 35 d of age. As the amount of NCC in diets increased from 0 to 
1500 mg/kg, breast meat yield (P < 0.01) increased by 21.56% while 
abdominal fat (P < 0.01) decreased by 34.35% in ducks at 35 d of age. 
The percentage of total lipid in duck’s liver at 14 d linearly decreased 
(P < 0.05) with the increase of dietary NCC. Serum triglyceride con-
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centration was reduced (P < 0.05) at 35 d for ducks fed diet with 1500 
mg/kg of NCC. These results suggested the supplementation of NCC in 
diet could improve growth performance and carcass traits and decrease 
the lipid deposition in liver.

Key Words: carcass traits, duck, growth performance, lipid metabo-
lism, nanocrystalline cellulose

437P   Effect of nitrogen and sulfur fertilization of corn on 
grain nutrient composition. B. F. Iglesias*1, F. J. Ferraguti2, J. O. 
Azcona1, M. V. Charriere1, and M. J. Schang1, 1INTA-EEA Per-
gamino, Pergamino, BA, Argentina, 2INTA-EEA Oliveros, Oliveros, 
SF, Argentina.

Corn is the main ingredient used in poultry feeds, representing more than 
60% of the diet. Through fertilization of corn crops, changes in grain 
nutrient composition may be expected. A trial was conducted to evalu-
ate the effect of several fertilization strategies on the nutrient content 
of corn. A 2 × 2 × 2 factorial arrangement was performed considering, 
2 corn genotypes (yellow dent or flint corns) × 2 levels of nitrogen (N) 
fertilizer (0 or 50 kg/ha at tasseling) × 2 levels of sulfur (S) fertilizer (0 
and 20 kg/ha at sowing). All treatments were fertilized at sowing with N 
at a rate of 100 kg/ha. The results of yield (MT/ha), crude protein (CP), 
lipids (L), crude fiber (CF), ash (A), amino acids, and true metabolizable 
energy (TME) were evaluated along 3 consecutive years. Adult roosters 
were tube fed for TME determinations (Sibbald method). Because the 
results showed no interaction (P > 0.05) data are presented considering 
main effects. Genotype: Yield and A was lower (P = 0.05) for flint corn 
than for yellow dent corn, while CP, CF, Met+Cys, Lys and TME resulted 
higher for flint corn. N fertilization: A significant (P = 0.05) increment 
in yield, CP, CF, Met+Cys and Lys was observed. S fertilization: The 
results showed that the S fertilization significantly (P = 0.05) improved 
yield per hectare, with no effect on the other evaluated parameters. In 
conclusion, Flint corn had lower yield and better nutritional value than 
yellow dent corn; fertilization with N improved corn yield, CP, and AA 
content of both genotypes; and fertilization with S improved corn yield 
without affecting their nutritional value.

Key Words: energy, amino acid, flint, yellow dent, nutrient value

438P   Effects of dietary microalgae and time to initial feeding 
on growth performance and humoral immune response of broiler 
chicks. L. M. Macalintal*, T. Ao, A. J. Pescatore, A. H. Cantor, M. 
J. Ford, and K. A. Dawson, Alltech-University of Kentucky Nutrition 
Research Alliance, Lexington, KY.

Adding microalgae (SP-1, Alltech Inc.) to broiler diets has been shown 
to increase the n-3 fatty acids content, in particular docosahexaenoic 
acid, in blood and tissues and to elicit higher antibody responses upon 
immune challenge. The current study was conducted to investigate the 
effects of dietary SP-1 and time to initial feeding (holding time) on 
growth performance and immune response of broiler chicks. The treat-
ments consisted of 2 holding times (0 or 48 h post-hatch) and 2 levels 
of dietary SP-1 (0 or +1%) using a 2 × 2 factorial arrangements. Ten 
replicate pens of 10 chicks per pen were randomly assigned to each 
of the 4 treatments and raised for 21d. Immunoglobulin antibody titer 
against SRBC challenge was evaluated. The relative weights of lymphoid 
organs were measured at 7 and 14d of age. No interaction between hold-
ing time and dietary SP-1 were observed for all the variables. Chicks 
with 48hr holding compared with those with no holding had lower (P 
< 0.05) weight gain, feed intake at d 21, lower (P < 0.05) relative bursa 
weight, relative thymus weight at d 7 and relative liver weight at d 14. 
After 14 d post-primary SRBC challenge, the blood total anti-SRBC 
antibody titer and IgM titer from chicks with 48 h holding were lower 
(P < 0.05) than those chicks with no holding. Compared with control 
group with no SP-1 supplementation, chicks fed diet containing 1% 
SP-1 had lower (P < 0.01) feed intake, higher (P < 0.05) gain to feed 
ratio at d 14, higher (P < 0.05) relative spleen weight at d 7 and higher 
(P < 0.05) relative liver weight at d 14. The results from current study 
suggest that holding longer time after hatch negatively affects growth 
performance, lymphoid organ development and immunity of chicks. 
Dietary SP-1 may improve early growth performance and lymphoid 
organ development of chicks.

Key Words: microalgae, lymphoid organs, immunity, holding time, 
broiler

Table 1 (Abstract 437P). Corn yield and nutrient content (as is)

Main effects
Yield

MT/ha
CP
%

Lipids
%

CF
%

Ash
%

Met+Cys
%

Lys
%

TME
kcal/kg

Genotype         
 Flint 11.1b 8.65a 3.14 2.77a 1.04b 0.36a 0.252a 3,543a

 Yellow dent 12.8a 8.26b 3.22 2.61b 1.21a 0.33b 0.248b 3,500b

Nitrogen         

 100 kg/ha 11.4b 8.24b 3.21 2.65b 1.13 0.33b 0.244b 3,514

 150 kg/ha 12.4a 8.67a 3.15 2.75a 1.12 0.36a 0.256a 3,532

Sulfur         

 0 kg/ha 11.8b 8.46 3.18 2.70 1.12 0.34 0.250 3,524

 20 kg/ha 12.1a 8.45 3.18 2.70 1.13 0.34 0.251 3,522

CV % 4.7 2.9 1.4 2.3 4.6 4.0 3.6 1.5
a,bMeans in the same column and group with different superscripts are statistically different (P = 0.05).
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439P   Antioxidant potentials of corn distillers grains. A. Dar-
amola and B. Min*, University of Maryland Eastern Shore, Princess 
Anne, MD.

Corn is one of the richest sources of health-beneficial phytochemicals, 
such as phenolics, among crops and is a main feedstock for ethanol 
production. However, little information is available for antioxidant 
potentials in corn co-products, which can be affected by the ethanol 
production process. The objective was to compare contents of extract-
able (FREE) and cell wall-bound (BOUND) phenolics and antioxidant 
capacities (DPPH radical scavenging capacity, oxygen radical absor-
bance capacity, and hydroxyl radical averting capacity) in corn and 3 
major corn co-products: dried distillers grain with solubles (DDGS), wet 
distillers grain (WDG) and condensed distillers soluble (CDS). Major 
phenolic acids were identified using HPLC. Defatted, freeze-dried flour 
samples were extracted with 80% ethanol to obtain FREE phenolic 
fractions. The residue was treated with 2N NaOH and extracted with 
ethyl acetate for BOUND phenolic fractions. Phenolic contents and 
antioxidant capacities were 2–5 times greater in the BOUND fractions 
of corn, DDGS, and WDG than in their FREE fractions, but were 4–20 
times higher in the FREE fractions of CDS (P < 0.05), depending on 
the assays. Phenolic contents and antioxidant capacities in the FREE 
fractions were the highest in DDGS, followed by CDS, WDG, and corn 
(P < 0.05). Those in the BOUND fractions were the highest in DDGS, 
followed by WDG, corn, and CDS (P < 0.05). Ferulic and p-coumaric 
acids were the 2 major phenolic acids. Their amounts were the high-
est in DDGS, followed by WDG, CDS, and corn (P < 0.05). Phenolic 
contents and antioxidant capacities in both FREE and BOUND fractions 
of DDGS were 3–5 times higher than of corn (P < 0.05). Due to the 
conversion of starch to ethanol during processing, other components in 
corn are known to be concentrated in DDGS over 3 times. The results 
indicate that phenolic contents and antioxidant capacities in corn are 
concentrated in DDGS without degradation during the processing and, 
hence, the corn co-products, especially DDGS, may be good sources 
of phytochemicals contributing to farm animal health and production.

Key Words: DDGS, WDG, CDS, phenolic content, antioxidant 
capacity

440P   Acidulated soybean oil soapstock metabolizable energy 
value and its effect on broiler productivity. C. Narciso-Gaytan*1, 
A. Pro-Martinez2, A. S. Hernandez-Cazares1, C. A. Ruiz-Feria5, 
D. Chan-Diaz4, and E. Sosa-Montes3, 1Colegio de Postgraduados 
Campus Cordoba, Amatlan de los Reyes, Mexico, 2Colegio de Post-
graduados Campus Montecillo, Montecillo, Mexico, 3Universidad 
Autonoma Chapingo, Chapingo, Mexico, 4TrowNutrition, Guadala-
jara, Mexico, 5Texas A&M University, College Station, TX.

This study was conducted to estimate the true metabolizable energy 
(TME) values of acidulated soybean oil soapstock (SBS) and crude 
soybean oil (SBO) and to evaluate their effect on broiler productive. 
Thirty roosters were randomly assigned into 2 treatments in a completely 
randomized design. Dietary oils were added to ground sorghum grain 
as a carrier (100:0 95:5, 90:10 or 85:15 sorghum:oil), of the mixture 
30 g of sample were force-fed to roosters. Feces were collected during 
following 48 h, frozen, acidified, and analyzed for gross energy value 
using an isoperibolic pump. Rooster received a second feed withdraw to 
determine endogenous and metabolic energy. True metabolizable energy 
values of oils estimated with roosters were used to formulate broiler 
diets. Two hundred and 50 6 Ross 308 broiler chicks received SBO and 
SBS diets from 1 to 21 d of age. Broilers were randomly allotted into 
2 treatments and 8 replications, with 16 birds each, in electric brood-
ers. Fatty acid methyl ester analysis was performed in dietary oils. The 

results showed that SBO contained a higher proportion of unsaturated 
fatty acids; contrary SBS had a higher proportion of saturated fatty acids 
than its counterpart does. Regarding the TME and TMEn values, SBO 
had higher values (8.99 and 9.96 Mcal/kg, respectively) than SBS oil 
(8.11 and 8.01 Mcal/kg, respectively) (P < 0.05). Broilers did not show 
significant differences (P > 0.05) in productive variables; weight gain, 
feed consumption, feed conversion rate, and mortality between oil treat-
ments. In conclusion, acidulated soybean oil soapstock has lower TME 
and TMEn values than crude soybean oil. Nevertheless, it can be safely 
included in broiler diets without negatively affecting their productivity.

Key Words: acidulated soybean oil soapstock, true metabolizable 
energy, broiler productivity

441P   Growth performance and digestive physiology of broiler 
chickens on diets containing spray-dried plasma over different 
feeding durations. S. S. M. Beski*, R. Swick, and P. A. Iji,  Univer-
sity of New England, Armidale, NSW, Australia.

A feeding experiment was conducted to investigate the effect of feed-
ing duration and level of spray-dried porcine plasma (SDP) in diets 
for broiler chickens. The study design was a completely randomized 
design with a 2 × 3 factorial arrangement of treatments with 6 repli-
cates per treatment. Factors were duration (5 or 10 d) and level (0, 10, 
or 20 g/kg SDP). Three hundred Ross 308 day-old male chicks were 
allocated to the diets from hatch to 10d, after which the chicks were 
switched to similar grower (11–24 d) and finisher (25–35 d) diets. Feed 
intake to 10 d was lower (P < 0.004) in birds fed diets containing SDP. 
Body weight was increased (P < 0.004) by dietary inclusion of SDP. 
An interaction (P < 0.02) between feeding duration and level of SDP 
was detected on d 10. Both level (P < 0.02) and feeding duration (P < 
0.001) of SDP improved FCR. At 24 d of age, activity of jejunal alkaline 
phosphatase was marginally increased (P < 0.06) at the highest level 
of SDP. The activity of maltase was also increased (not significantly) 
in chickens that consumed SDP. Nutrient digestibility was improved 
due to SDP inclusion in the starter diet. The level of SDP tended (P < 
0.06) to increase body weight at 35d of age. Feed conversion ratio was 
improved by SDP feeding duration (P < 0.004) and level (P < 0.000) 
but it was only significant for birds, which received SDP over the longer 
feeding duration, in which FCR was significantly better. The interaction 
between SDP feeding duration and level tended (P < 0.077) to improve 
FCR. Inclusion of SDP in broiler starter diets may be beneficial to the 
subsequent growth.

Key Words: spray-dried plasma, broiler response, digestive 
physiology

442P   Effects of low-protein diets with different energy-to-pro-
tein ratio on performance, fat deposition, and serum hormones of 
broilers. L. Yang*, H. Cai, S. Zhang, and H. Yan, Chinese Academy 
of Agricultural Sciences, Beijing, China.

This study investigated how low-protein diets with different metabolism 
energy levels affected performance, fat accumulation, and serum hor-
mone levels of broilers. In total, 480 one-day-old AA broiler chickens 
were randomly divided into 5 groups with 6 replicates in each group 
and 14 birds in each replicate. Five experimental diets (diets I to V) 
were formulated with 5 different ME:CP ratios. From 1 to 21 d, protein 
level, ME level, and ME:CP were 21.5%, 3,100 kcal/kg, and 144 for 
diet I, 19.5%, 3,100 kcal/kg, and 158 for diet II, 17.5%, 3,100 kcal/kg, 
and 177 for diet III, 19.5%, 2,900 kcal/kg, and 148 for diet IV, 19.5%, 
2,760 kcal/kg, and 157 for diet V. From 22 to 42 d, protein level, ME 
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level, and ME:CP ratio were 20%, 3,200 kcal/kg, and 160 for diet I, 
18%, 3,200 kcal/kg and 177 for diet II, 16%, 3,200 kcal/kg, and 200 
for diet III, 18% and 3000 kcal/kg, and 167 for diet IV; 16%, 2,800 
kcal/kg and 175 for diet V. All birds were slaughtered at the end of the 
experiment. Live weight, abdominal fat, thickness of subcutaneous 
fat, serum triiodothyronine (T3) and serum free thyroxine (FT4) were 
measured. Data were analyzed using one-way AVONA of IBM SPSS 
Statistics package (version 19.0), differences were compared by Tukey’s 
multiple-range tests. Correlation coefficients were calculated by Pear-
son correlation test procedure. From 1 to 21 d, as dietary ME:CP ratio 
increased, abdominal fat weight increased (P < 0.05). Serum T3 content 
increased (P < 0.01) as ME level increased. Serum free thyroxine (FT4) 
level was correlated (P < 0.05) with both subcutaneous fat thickness and 
abdominal fat weight, while T3 was only related to subcutaneous fat 
thickness (P < 0.05). From 22 to 42 d, both abdominal fat weight and 
subcutaneous fat thickness increased as dietary ME:CP ratio increased 
(P < 0.05). Live weight was affected (P < 0.05) by both ME and CP 
levels. It can be concluded that ME:CP ratio was a determining factor 
of body fat deposition when dietary ME level was decided. Serum T3 
and FT4 were easy to measure markers of broiler fat deposition.

Key Words: low-protein diet, energy-to-protein ratio, abdominal fat, 
triiodothyronine (T3), free thyroxine (FT4)

443P   Net energy metabolism differences of Arbor Acres broil-
ers aged from 4 to 7 weeks. W. Liu*, H. Cai, S. Zhang, and H. Yan, 
Chinese Academy of Agricultural Sciences, Beijing, China.

To improve utilization of various raw feed materials in China, support-
ing information for net energy measuring of broiler feed ingredients 
is required. Total heat production (THP) and fasting heat production 
(FHP) of 4- to 7-week Arbor Acres (AA) broilers were measured in this 
study to investigate effect of body weight (BW) on broiler net energy 
metabolism. A patented open-circuit respiratory calorimetry facility was 
used in this study. 48 male 21-d-old broilers with similar body weight 
were assigned into 4 groups with 6 replicates in each group and 2 birds 
in each replicate. Average body weight of each group was not different 
(P > 0.05) from the others when test started. Every week, one group 
of 12 broilers was randomly sent into 6 same respiratory chambers for 
energy metabolism test, the other 3 were fed ad libitum with regular 
diet. For tested birds, after a 1-d adaptation period, 3 d heat produc-
tion (HP) for feeding and another 3 d for fasting were recorded. Data 
were analyzed by one-way ANOVA and linear regression models with 
SPSS (version 19.0) software package for Windows. At the 4th week, 
O2 consumption, CO2 production, and HP were not different after fast-
ing 48 h and 72h hours (P > 0.05), but decreased after fasting 60 h (P 
< 0.05). At wk 5, O2 consumption, CO2 production and HP gradually 
decreased after fasting 36, 48, and 72 h, but decreased sharply after 
fasting 60 h (P < 0.05). At wk 6 and 7, O2 consumption, CO2 production 
and HP were not different after fasting 48 h (P > 0.05). During fasting, 
respiration quotient (RQ) of AA broilers at 4 to 7 wk of age were 0.65 
to 0.75. Fasting heat production (FHP) was calculated with formula 
FHP (kcal/kg of BWb/day) = aBWb, log FHP = loga + blogBW (FHP: 
fasting heat production, BWb: metabolic body weight, a: heat produc-
tion/kg metabolic body weight, b: exponential coefficient of metabolic 
body weight). Linear regression model was y = 0.737x + 2.046 (R2 = 
0.98, P < 0.01). It can be concluded that a fasting of 48h was suitable 
for net energy measurement from 4 to 7 week. Linear regression model 
showed exponential coefficient of metabolic body weight was 0.74, and 
FHP was 111.17 kcal/kg of BW0.74/day.

Key Words: broiler, body weight, fasting heat production, net energy

444P   Effects of Programmed Nutrition (PN) strategy and 
post-hatch delayed feeding on the early growth performance of 
broiler chicks. M. A. Paul*, A. J. Pescatore, T. Ao, M. J. Ford, A. 
H. Cantor, R. J. Lakarosky, J. D. Hawkins, W. D. King, and K. A. 
Dawson, Alltech-University of Kentucky Nutrition Research Alliance, 
Lexington, KY.

Previous research has indicated that nutritional experiences in early 
life may have a long-lasting effect on nutrient absorption and growth 
performance in chicks. The Programmed Nutrition (PN, Alltech Inc.) 
feeding strategy uses a post-hatch diet to condition chicks for optimal 
nutrient absorption and to adapt to ration nutrient density changes 
throughout life. The purpose of this study was to investigate the effects 
of PN feeding strategy and post-hatch delayed feeding on the growth 
performance of broiler chicks. A 2 × 3 factorial treatment arrangement 
was utilized to assess the effects of PN diet versus corn-soy control diet 
and post-hatch delayed feeding (0, 24, or 48 h) on growth performance 
through 19 d of age. Eight replicate groups of 24 male, one-day old 
chicks were randomly assigned to each treatment and raised in environ-
mentally controlled floor pens for the duration of the trial. Chicks that 
were assigned to PN diets were provided a PN post-hatch conditioning 
diet for 72 h immediately followed by a PN diet formulated to contain 
decreased levels of ME, minerals and vitamin E. Data were subjected to 
ANOVA for a 2 × 3 factorial design (SAS v9.3) with mean differences 
determined using Fisher’s LSD test. Chicks fed the PN diet had higher 
body weight gain (552 vs. 489 g, P < 0.01) and feed intake (822 vs. 708 
g, P < 0.01) than chicks fed the control diet. Chicks subjected to post-
hatch delayed feeding for 24 or 48 h had decreased body weight gain 
(P < 0.01) compared with chicks that were not subjected to post-hatch 
delayed feeding (0 h). As post-hatch delayed feeding times increased, 
a significant linear decrease (P < 0.01) in feed intake was observed. 
However, post-hatch chicks that were delayed feed for 48 h had the 
greatest gain:feed (P < 0.01) compared with those with 0 or 24 h delayed 
feeding. There was no significant interaction between diet and post-hatch 
delayed feeding. The results of this experiment demonstrated that the 
PN feeding strategy improved the early growth performance of broiler 
chicks, whereas post-hatch delayed feeding had a negative effect on 
early growth performance.

Key Words: post-hatch nutrition, PN strategy, delayed feeding, 
performance, broiler chick

445P   Performance and egg quality of laying hens fed with 
sugar cane yeast. C. C. Lopes, C. B. V. Rabello*, E. N. R. Barbosa, 
E. S. R. Soares, T. S. Lima, W. R. L. Medeiros, and M. C. M. M. 
Ludke, Universidade Federal Rural de Pernambuco, Recife, Pernam-
buco, Brazil.

The purpose of this study was to evaluate the effect of increasing 
levels of sugar cane yeast (SCY) on diets of laying hens on productive 
performance and egg quality. 240 laying hens, Dekalb White lineage 
were used at 51 wk of age during 112 d. The fowls were distributed 
in a completely randomized design with 5 treatments and 6 replicates 
of 8 birds. The treatments consisted of a reference diet (based corn, 
soybean meal and oil soybean) and 4 diets with the following levels of 
inclusion of SCY: 2.5, 5.0, 7.5, and 10.0%. The SCY had the follow-
ing chemical and energetic composition: 31.08% crude protein, 0.29% 
calcium, 0.27% available phosphorus, 0.20% sodium, 1.13% potassium, 
1.60% lysine digestible, 0.27 methionine digestible, 0.35% TSAA 
digestible, 0.89% threonine digestible, 0.12% tryptophan digestible, 
1,749 kcal/kgAME. Feed intake (FI, g/b/d), egg production (P, %), egg 
weight (EW, g) and egg mass (EM, g/b/d), feed conversion per dozen 
eggs (FCD, g/dz) and conversion per egg mass (FCEM, g/g) and the 
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eggs quality parameters were evaluated. The results were submitted 
regression analysis at 5%. The inclusion levels of SCY did not affect 
the FI, EW and FCD. However, P, EM, and FCEM were affected by 
levels of SCY included. Regarding the regression analysis, there was a 
linear positive effect for both variables; this demonstrates that the SCY 
improve theses parameters. The specific gravity, weight and albumen 
height, weight, percentage and shell thickness were not affected by 
SCY levels, but the Haugh unit and color yolk were affected linearly 
where there were a reduction in Haugh unit and increase in color. The 
parameters: yolk weight, albumen, and yolk percentage were affected. 
There was a quadratic effect of dietary SCY on these parameters. The 
levels estimated that 7.05% SCY had the maximum weight (y = 14.92 + 
0.49x − 0.035x2) and 6.7% SCY can have minimum percentage yolk (y 
= 22.79+0.75x − 0.056x2) and albumen (y = 68.03 – 0.69x + 0.0515x2). 
In conclusion, the SCY can be used up to 10% in the diet of laying hens 
to improve the performance variables and the color of egg yolk, but its 
inclusion above of 2.5% in diet can reduce the Haugh unit.

Key Words: alternative food, egg production, egg quality, productive 
performance, Saccharomyces cerevisiae

446P   Consumer preference of dark and white meat from 
pasture-raised broilers versus conventionally raised broilers. J. 
R. Bartlett*, K. M. Liles, R. C. Beckford, and C. O. Bonsi, Tuskegee 
University, Tuskegee, AL.

Alternative poultry production is a rapidly growing trend in the United 
States. This is due in part to consumers’ beliefs that birds reared in a 
natural environment are healthier and produce products of a superior 
quality. However, empirical data supporting this view point is limited. 
This study was conducted to compare consumer preference for dark 
(leg and thigh) and white (breast) meat from birds raised convention-
ally versus birds raised on pasture. Three hundred sixty 1-d-old Cornish 
Rock male broilers were randomly assigned to one of 2 treatments (PPS 
= pasture production system, CPS = conventional production system). 
Each treatment consisted of 180 birds with 3 replications of 60 birds. 
Birds were raised for 49 d and slaughtered on d 50. Dark and white 
meat samples were vacuum sealed and stored. Samples were removed 
from freezer, thawed and cooked at 176.67°C to an internal temperature 
of 73.9°C. Seventy-three random individuals comprising faculty, staff, 
and students of different demographics (sex, age, income, education) 
from the Tuskegee University population participated in the sensory 
evaluation. Samples were evaluated for tenderness, juiciness, flavor 
and acceptability using a 9-point hedonic scale. Panelists were provided 
with bottled water and were asked to rinse before and between samples. 
Data were analyzed using GLM procedure of SAS. When F test was 
significant, means were separated using Tukey’s. Results showed that 
consumer preference was not different between treatments for white and 
dark meat for all of the sensory attributes. Therefore, results reported are 
based on respondents’ preference for dark and white meat. Respondents 
had an overall preference (P < 0.05) for dark meat compared with white 
meat regardless of demographics. Consumer preference was not influ-
enced by production systems. Further studies will be done to evaluate 
the effect of extending the duration on pasture.

Key Words: pasture production system, conventional production 
system, sensory evaluation, broilers

447P   Better broiler performance when either soybean meal 
or complete feed was treated with Salmex. F. A. Longo*2, N. 
T. Ferreira1, J. Vittori2, N. K. Sakomura1, L. Soares1, and D. C. Z. 
Donato1, 1Faculdade de Ciências Agrárias e Veterinárias, UNESP, 

Jaboticabal, São Paulo, Brazil, 2Btech Tecnologias Agropecuarias e 
Comercio Ltda, Valinhos, São Paulo, Brazil.

Products have been used to control the contamination in ingredients and 
animal feeds by microorganisms. Thus, this study aimed to evaluate the 
effect of the anti-Salmonella (Salmex) treatment either in soybean meal 
or complete feed on broiler performance. Six hundred day-old male 
chicks (Cobb) were distributed into a completely randomized design 
with 5 treatments and 8 replicates of 15 birds each. The treatments were: 
control diet (CD), CD using soybean meal (SB) treated with 1 (CDSB1) 
and 2 kg of Salmex per ton (CDSB2) and CD treated with 1 (CD1) and 
2 kg of Salmex per ton (CD2). The variables evaluated at 28 d of age 
were: body weight gain (BWG, g/bird), feed intake (FI, g/bird) and feed 
conversion (FC, g/g). Experimental data were submitted to ANOVA and 
the means were compared by Tukey’s test at 5% of significance. The 
means and standard errors (±SE) are presented in Table 1. The birds 
fed CDSB2 diet had higher BWG in comparison to others treatments, 
especially in the CD treatment (P < 0.05). There were not statistically 
significant differences in the FI and FC parameters. In this study, it 
was concluded that either the treatment of soybean meal or complete 
feed with Salmex has a positive effect on the performance of broilers.

Table 1. Effect of the diets treated with Salmex on performance of broilers 
(mean ± SE) from 1 to 28 d of age

 CD CDSB1 CDSB2 CD1 CD2

BWG 1,458.3
± 12.5b

1,480.6
± 7.6ab

1,503.8
± 9.9a

1,498.6
± 10.0ab

1,480.3
± 10.6ab

FI 2,159.9
± 29.6

2,136.4
± 18.4

2,170.2
± 17.0

2,145.6
± 22.5

2,160.5
± 18.2

FC 1.46
± 0.03

1.44
± 0.02

1.44
± 0.01

1.43
± 0.01

1.46
± 0.02

abDifferent letters within the row indicates significant differences by Tukey’s 
multiple range test (P = 0.05).

Key Words: anti-Salmonella, body weight gain, feed convertion 
ratio, poultry

448P   Effect of environmental temperature and age of broil-
ers on energy value of sorghum. F. Vercese*1,2, J. R. Sartori1, F. 
U. Godoy1, N. Monteiro1, V. B. Fascina1, M. M. Aoyagi1, I. M. G. 
P. Souza1, M. K. Maruno1, J. C. R. Rezende1, N. C. Alexandre1, P. 
C. Araújo1, and A. C. Pezzato1, 1Universidade Estadual Paulista 
Júlio de Mesquita Filho, Botucatu, SP, Brazil, 2São Paulo Research 
Foundation-FAPESP, São Paulo, SP, Brazil.

This study aimed to evaluate the effects of the environmental tempera-
ture and broiler age on coefficient of metabolizability of the test diet 
and the energy value of sorghum. Male Cobb chicks were housed in 
54 galvanized wire cages, allocated among 3 climate chambers (hot, 
cold and thermoneutral) during the initial (11–14 d; n = 324), growing 
(25–28 d; n = 216) and final phases (39–42 d; n = 162); the experiment 
was conducted in a completely randomized design with 3 × 3 factorial 
arrangements of treatments (3 temperatures and 3 ages) with 6 replica-
tions each. The chamber temperatures were adjusted according to breed-
ing stage: 20, 18 and 15°C (cold); 28, 24 and 22°C (thermoneutral) and 
34, 32 and 30°C (hot) for initial, growing and final phases, respectively. 
Diets consisted of the reference and test (60% reference diet + 40% sor-
ghum). Metabolic trials were performed using total feces collection; the 
coefficient of apparent and true metabolizability of dry matter, nitrogen, 
ether extract of the test diet and apparent and true metabolizable ener-
gies (AME and TME) of sorghum were calculated and energy values 
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were corrected for nitrogen balance (AMEn and TMEn) of sorghum, 
in kcal/kg, as fed basis. There was interaction between the age and 
environmental temperature on AME, AMEn, TME, TMEn and on the 
coefficient of apparent and true metabolizability (dry matter, nitrogen 
and ether extract). Broilers on final phase under heat stress conditions 
have presented worse values (P < 0.05) of AME, AMEn, TME and 
TMEn of sorghum, as well as the lowest coefficient of apparent and true 
metabolizability (P < 0.05) of dry matter, nitrogen and ether extract of 
the test diet. In conclusion, the results demonstrate that the environmental 
temperature and broiler age affects the nutritional value and how it is 
metabolized the nutrients, investigating the effect of this factors will 
enable us to develop strategies to enhance broiler production.

Key Words: broiler, metabolism, nitrogen, sorghum, stress

449P   Effects of different levels of flavones of sea buckthorn on 
growth performance, carcass traits and meat quality for broilers. 
J. S. Ma, W. H. Chang*, G. H. Liu, H. Y. Cai, S. Zhang, and A. J. 
Zheng, The key laboratory of Feed Biotechnology of Ministry of Agri-
culture, Feed Research Institute, Chinese Academy of Agricultural 
Sciences, Beijing, China.

This study was conducted to evaluate the effects of different levels of 
flavones of sea buckthorn (FSB) on growth performance, carcass traits 
and meat quality for broilers. A total of 240 1-d-old Arbor Acres male 
broilers were randomly allotted to 4 groups with 6 replicates per group 
and 10 birds per replicate by a single factor design of experiment. The 
4 diets included a basal diet and 3 experimental diets supplemented 
with 0.05, 0.10, and 0.15% FSB, respectively. Broilers had access to 
feed and water ad libitum throughout the whole study period of 42 d. 
The data were analyzed by SPSS 19.0 software package for Windows. 
The results showed that 0.10% FSB supplementation group had higher 
ADG (P < 0.05) but no significant increase in ADFI and F/G (P > 0.05) 
compared with the control group. No significant difference was found 
in dressing percentage, eviscerated yield percentage, abdominal fat 
percentage, breast muscle and thigh muscle percentage between control 
and experimental groups (P > 0.05). Inosinic acid contents in breast and 
thigh muscle of broilers fed diets supplemented with FSB of 0.10% and 
0.15% were improved over the control group (P < 0.05), respectively, 
which is closely associated with umami of meat. The intramuscular fat 
content in breast muscle of broilers in 0.10% FSB supplementation group 
was improved 39.24% than control group (P < 0.05). Supplementing 
0.10% FSB in diets increased the content of fatty acids closely related 
with aroma of meat, especially C18:1, C18:2, C20:2, C20:3, C20:5, and 
C24:1 in breast meat, and C18:3, C20:3, and mono-unsaturated fatty 
acids in thigh muscle of broilers than control group (P < 0.05). The 
unsaturated fatty acids and monounsaturated fatty acids content in breast 
muscle of broilers in 0.10% FSB group was significantly higher than 
that in 0.05% FSB supplementation groups (P < 0.05). In conclusion, 
supplementing FSB in diet could improve broiler’s ADG and umami and 
aroma of meat. The most optimal level of FSB supplemented was 0.10%.

Key Words: broiler, flavones of sea buckthorn, growth performance, 
carcass traits, meat quality

450P   Evaluation of d-xylose as an energy source for broiler 
chickens. A. Regassa*1, J. Sands1, M. C. Walsh2, W. K. Kim3, E. 
Kiarie2, and C. M. Nyachoti1, 1University of Manitoba, Winnipeg, 
MB, Canada, 2DuPont Industrial Biosciences-Danisco Animal Nutri-
tion, Marlborough, United Kingdom, 3University of Georgia, Athens, 
GA.

A study was conducted to examine the effects of increasing dietary 
d-xylose levels on energy and nutrient utilization and growth perfor-
mance of broiler chickens. A total of 480 d old male Ross chicks were 
allocated to 4 dietary treatments each with 24 replicate cages each 
containing 5 chicks in a 21-d study. The control diet contained corn-
soybean as the main ingredients with 25% inclusion of corn starch. 
Three additional diets were formulated by substituting corn starch with 
d-xylose at 20, 60, and 100% in such a way that the levels of d-xylose in 
the diets were 0, 5, 15, and 25%, respectively. Diets for digestibility study 
contained 0.35% TiO2 as an indigestible marker. Birds in cages 1 to 12 
were used for weekly performance measurements whereas those in cages 
13 to 24 were used for digestibility studies. Excreta were collected on d 
18–20, and on d 21, 3 birds/cage (36 birds/diet) were randomly selected 
and killed to collect ileal digesta to determine nutrient digestibility 
using the index method. Data were analyzed using GLM procedure of 
SAS and means were declared significant at P < 0.05. Replacing corn 
starch with 25% d-xylose resulted in feed refusal, reduced performance, 
and a high mortality rate during the first 2 wk of the experiment and 
hence birds in this treatment group were removed from the study. Feed 
intake, BWG, and FCR were reduced (P < 0.05) in birds fed a diet 
with 15% d-xylose compared with those fed diets containing 0 or 5%. 
Inclusion of dietary d-xylose at 5 and 15% reduced the apparent total 
tract dry matter (P < 0.001), gross energy (P < 0.001), and N (P < 0.05) 
digestibility compared with the 0% d-xylose diet. However, apparent 
ileal digestibility coefficients were not significantly different among 
treatments. In conclusion, results of this study demonstrate that 5% 
d-xylose can be tolerated by broiler chickens before adverse effects on 
growth performance are observed although nutrient digestibility may be 
affected. At high dietary inclusion rates (25%), d-xylose was found to 
detrimentally affect growth and increase mortality rates showing xylose 
is not an efficient source of energy for broilers.

Key Words: broiler, d-xylose, mortality, growth, nutrient

451P   Use of post-hatching supplement on the first day of life 
on performance of broilers during initial period. T. S. Santos*1, 
V. C. Cruz-Polycarpo1, G. V. Polycarpo2, A. Barbieri1, R. G. A. 
Cardoso1, T. J. Menezes1, J. B. Freschi1, D. V. F. Vicari1, D. P. Silva1, 
A. L. N. Rigueiro1, A. M. Pereira1, and R. V. Ferrera1, 1Universi-
dade Estadual Paulista, Dracena, São Paulo, Brazil, 2Faculdade de 
Medicina Veterinária e Zootecnia da Universidade de São Paulo, 
Pirassununga, São Paulo, Brazil.

The development of the gastrointestinal tract and its accessory glands is 
important for the growth of broiler chickens and can be influenced by 
several factors including nutrition. The post-hatching supplement is a 
compound of semi-moist extrusion, to be administered at the first hours 
of bird life, being supplied in granular form. It consists of protein and 
energy, high bioavailable amino acids, as well as additives that enable 
better utilization of starter diets. The objective of the present experiment 
was to evaluate the performance of broilers fed at the first hours with 
a post-hatching supplement for 21 d. Nine hundred Cobb chicks were 
used and housed in 30 floor pens in a completely randomized design, 
with 5 treatment and 6 replicates. Five increasing levels of post-hatching 
supplement (0.0; 2.5; 5.0; 7.5 and 10.0 g per chicken) were provided to 
the chicks in the housing. Therefore performance data for the periods 
1–7, 1–14 and 1- to 21-d-old chickens were collected and were analyzed 
by SAS (2008) and subjected to polynomial regression analysis.The 
results indicated that for the periods 1–7 and 1 to 21 d of age the birds 
found a linear effect on feed intake and for the period from 1 to 21 d 
there was a quadratic effect on average daily gain, however there was 
no difference between treatments. Variables feed conversion (FC) and 
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viability (VIAB) showed no significant effects on the related periods. 
Considering the experimental period, it was observed that post-hatching 
supplement used positively influence the feed consumption and con-
sequently weight gain.

Key Words: nutrition, gastrointestinal tract, post-hatching phase, 
average weight gain, feed intake

452P   The effect of dietary apparent metabolizable energy 
during the finishing phase on broiler carcass yields. V. S. de 
Avila*, E. L. Krabbe, C. H. Klein, L. dos S. Lopes, and D. Surek, 
Embrapa Swine and Poultry, Concordia, SC, Brazil.

Nine hundred d-21 broiler chicks were used to evaluate the effects of 
increasing dietary apparent metabolizable energy (AME) by added 
refined soybean oil on broiler carcass parameters. A basal diet (AME 
2,980 kcal/kg, 21.4% crude protein) was given from d-old to 21 d. The 
experimental diets were based on corn, soybean meal, and refined soy 
oil and were produced and formulated to achieve calculated (AME) 
values of 2,850, 2,950, 3,050, 3,150, and 3,250 kcal/kg and 18.5% 
crude protein (22 to 42 d) by replacing the inert material (kaolin) by 
refined soybean oil. Diets were fed as pellets/crumbled. At d 21, all birds 
were weighed and distributed equally according to 5 treatments with 9 
replicates per treatment and 20 birds per experimental unit (floor pens). 
Two birds were randomly taken from each pen at d 42 for processing. 
Data were submitted to polynomial regression. There was no significant 
difference in 42-d live body weight (g). Dietary AME did not influence 
the hot carcass, cold carcass, breast, wings, thighs and drumstick yields. 
There were no significant effects of dietary AME on abdominal fat, 
liver, heart and gizzard weight. It is concluded that dietary AME did 
not significantly affect the live body weight, carcass yield, abdominal 
fat and organs weight under the applied conditions.

Key Words: kaolin, soy oil, pellet, poultry

453P   Effects of immunomodulatory nutrients on growth per-
formance and cytokine expression in layer chicks challenged with 
lipopolysaccharide. E. L. Wils-Plotz* and K. C. Klasing, University 
of California, Davis, CA.

Immunomodulatory nutrients alter the immune response to pathogens; 
modulating individual immune status. The objective of this study was 
to characterize the immune response of layer chicks treated with known 
immunomodulatory nutrients: fish oil, CLA, corn oil, lutein or vitamin 
E, during a LPS challenge. Four-week-old, mixed-sex layer chicks (n = 
100), were weighed and randomly allotted to 1 of 5 dietary treatments 
(TRT). The study was a 5 × 5 × 4 factorial with 5 dietary treatments 
and 5 replicate pens of 4 chicks (2 male and 2 female). After 2 weeks 
of TRT, all birds were injected with 1.5 mg/kg BW LPS in 1 mL of 
PBS. Samples were collected at 12 h post-challenge. Liver and spleen 
weights were recorded and samples were analyzed for cytokine gene 
expression using rtPCR. Males and females lost the same % BW with 
no effect of dietary TRT. FI was reduced (P = 0.002) in the lutein TRT 
when compared with all other TRT’s. There was no effect of LPS chal-
lenge on liver weight, but the spleens of the fish oil TRT were heavier 
(P < 0.05), than the CLA TRT. In the duodenal mucosa, the corn oil and 
lutein fed birds had higher (P = 0.02) TLR-4 expression than the fish 
oil TRT, with females having higher (P < 0.0001) TLR-4 expression 
than males. In the liver, females had higher (P < 0.05) IL-1B, IL-10, 
IL-12 and iNOS expression than males, but males had higher (P = 0.04) 
IL-6 expression. Both IL-10 and iNOS expression was higher in the 
fish oil TRT than the corn oil or CLA TRTs. Females fed either Lutein 

or Vitamin E had greater IL-12 expression compared with all male 
birds regardless of TRT. In the spleen, IL-4 and IL-6 expression were 
increased (P < 0.05) in females compared with males. For IL-1B, the 
CLA TRT had higher (P = 0.006) expression than the fish and corn oil 
TRT. Interleukin 10 expression was increased (P = 0.009) in both the 
lutein and CLA TRT when compared with the corn oil TRT. Therefore, 
each immunomodulatory nutrient added to the diets of layer chickens 
results in a different immune response to an LPS challenge.

Key Words: layer chicken, LPS, immunomodulatory nutrients, 
lutein, fish oil

454P   Dietary calcium and phosphorus requirements in the 
finisher phase from 1,280 to 2,200 g of body weight in broiler 
chickens. E. Jimenez-Moreno1, C. R. Angel*1, W. Li1, S.-W. Kim1, 
M. Proszkowiec-Weglarz1, and N. E. Ward2, 1University of Maryland, 
College Park, MD, 2DSM Nutritional Products, Parsippany, NJ.

More closely defining the calcium (Ca) and phosphorus (P) requirements 
of broilers in the finisher phase is essential to optimize performance. 
An experiment was done to determine the Ca and nonphytate P (nPP) 
requirements for Hubbard 99 male × Cobb 500 female male broilers 
from 27 to 36 d of age (finisher phase). Birds were fed at requirements 
until 27 d of age. A central composite rotatable design was used, such 
that the 9 resulting treatments (Trt) contained, by formulation, Ca and 
nPP of 0.67 and 0.09%, 0.55 and 0.14%, 0.79 and 0.14%, 0.50 and 
0.25%, 0.67 and 0.25%, 0.84 and 0.25%, 0.55 and 0.36%, 0.79 and 
0.36%, 0.67 and 0.40%; respectively. Two extra Trt were included in 
the design containing the lowest nPP (0.09%) and the lowest (0.50%) 
or highest Ca (0.84%). Ratios of Ca to nPP arranged from 1.53:1 to 
9.33:1. Statistical analysis was run on analyzed values. Starting BW was 
1,277 g, and ending BW ranged between 2,150 and 2,330 g depending 
on Trt. Each Trt was replicated 9 times (3 birds/battery pen). Require-
ment ranges were determined and estimated recommendations are 
shown below in parenthesis. Based on BWG, Ca requirements ranged 
from 0.66 to 0.82% (0.70%) and nPP, from 0.27 to 0.44% (0.30%). 
Calcium requirements as mg Ca consumed per g BWG, ranged from 
10.27 to 12.70 (11.42 mg Ca consumed/g BWG), and nPP as mg nPP 
consumed per g BWG, from 4.16 to 6.77 (4.62 mg nPP consumed/g 
BWG). Based on femur ash in mg/kg BW, Ca requirement was 0.50 to 
0.82% (0.64%) and nPP, 0.27 to 0.44% (0.32%). Calcium requirements 
as mg Ca consumed per g BWG, ranged from 7.82 to 12.70 (9.97) and 
nPP as nPP consumed per g BWG, from 4.16 to 6.77, and nPP as mg 
nPP consumed per g BWG, 4.95. Calcium to nPP ratios expressed as 
g Ca consumed per g nPP consumed, based on requirement estimates 
for broilers in the finisher phase were 2.47:1 for BWG and 2.01:1 for 
femur content relative to BWG.

Key Words: calcium, phosphorus, performance, finisher phase, 
broiler

455P   Broiler carcass composition determined by NIR-Food-
Scan. E. L. Krabbe*1, V. S. de Avila1, V. L. Kawski1, W. A. Marcon2, 
and R. M. Belló3, 1Embrapa Swine and Poultry, Concordia, SC, 
Brazil, 2FACC, Concordia, SC, Brazil, 3FOSS, São Paulo, SP, Brazil.

Nine hundred broiler chicks, male, Cobb 500, were used to evaluate 
the effect of increasing dietary apparent metabolizable energy (AME) 
by adding vegetable fat on carcass composition using FOSS FoodScan 
analysis (AOAC Official Method 2007.04: Fat, moisture, and protein 
in meat and meat products). FOSS FoodScan is a near infrared spectro-
photometer analysis with artificial neural network calibration model and 
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database for the determination of fat, moisture and protein in meat and 
meat products. From 1 to 21 d, a basal diet (AME 2,980 kcal/kg, 21.4% 
crude protein) was used and from 22 to 42 d broilers were fed with diets 
containing increasing dietary AME. The experimental diets were based 
on corn, soybean meal, and refined soy oil and were formulated to be 
isonutritive except for AME, calculated for values of 2,850, 2,950, 3,050, 
3,150, and 3,250 kcal/kg, obtained replacing the inert material (kaolin) 
by refined soybean oil, and fed ad libitum as pelleted/crumbled. At d 21, 
all birds were weighed and distributed equally according to 5 treatments 
with 9 replicates per treatment and 20 birds per experimental unit. At 
d 42, 2 birds/replicate were sampled based on average body weight for 
carcass composition analysis. Data were submitted to ANOVA. Carcass 
composition (moisture, fat and protein) was not influenced by treatments 
(P > 0.05). Average carcass moisture was 70.13 ± 0.13%, fat was 11.35 
± 0.13% and protein was 18.61 ± 0.06%. In summary, the present study 
indicates that dietary AME does not alter the broiler carcass composition 
as analyzed with the FOSS FoodScan.

Key Words: fat, moisture, near-infrared spectrophotometer, protein

456P   Nitrogen-corrected apparent metabolizable energy 
(AMEn) of a low fat distillers dried grains with solubles (LF-
DDGS) in male broilers aged 21 and 42 d. E. J. Kim*, J. L. 
Purswell, and S. L. Branton, ARS-USDA Poultry Research Unit, 
Mississippi State, MS.

The objective of this study was to determine the nitrogen-corrected 
apparent metabolizable energy (AMEn) of a low fat corn distillers 
dried grains with solubles (LF-DDGS) sample in male broiler chicks 
at 21 and 42 d. Three dietary treatments were used in a CRD. A corn-
soybean meal basal diet (BD) was formulated to meet the nutritional 
requirements for both ages of broilers, with the exception of energy, 
which was formulated at 2,900 kcal/kg. Titanium dioxide was added as 
an indigestible marker. The remaining treatments comprised of the BD 
supplemented with either 15 or 20% LF-DDGS. The same diets were fed 
at both ages to allow for comparison. Male broiler chicks were obtained 
from a commercial hatchery at day of hatch and raised in common floor 
pens. On d 14, 192 broilers were randomly allocated into 24 battery 
cages (8 replicate cages of 8 birds) and allowed to acclimate to cages. 
On d 17, after an overnight fast, experimental treatments were fed. On 
d 21, birds and feed were weighed and excreta subsamples collected. 
Birds were returned to floor pens until d 35, when 120 (8 replicate cages 
of 5 birds) broilers were randomly allocated to battery cages and the 
same procedures were repeated until d 42. All excreta and feed samples 
were oven-dried and analyzed for gross energy, titanium, and nitrogen 
content. AMEn of the experimental diets was then calculated and AMEn 
of the LF-DDGS was then subsequently calculated using the difference 
method. All AME data were analyzed via PROC GLM. For the 15% 
LF-DDGS supplemented diets, AMEn was calculated to be 2,811 kcal/
kg and 2,252 kcal/kg and for the 20% LF-DDGS supplemented diets, 
AMEn was determined to be 2,599 kcal/kg and 2,180 kcal/kg at 21 
and 42 d, respectively. Age was found to have a significant effect (P ≤ 
0.001) on AME of LF-DDGS, with 21 d broilers having a significantly 
higher AME than 42 d broilers. Inclusion rate of LF-DDDGS also had 
a significant effect (P ≤ 0.05) on AME of the LF-DDGS. The differ-
ence in AMEn at 15 and 20% inclusion may be due to the variability in 
BD intake. These data indicate that age may play an important role in 
determining AME of LF-DDGS.

Key Words: low fat DDGS, broiler, metabolizable energy

457P   Effects of spearmint powder on peformance and blood 
variables of grwoing Japanese quail. M. Ghazaghi, M. Mehri*, and 
F. Bagherzadeh-Kasmani, University of Zabol, Zabol, Iran.

An experiment was conducted to evaluate the effects of dried spearmint 
on growth performance and blood variables in growing Japanese quail. 
A total of three hundred, 7-d-old quail chicks were fed 5 experimental 
diets containing different levels of dried spearmint (0, 1, 2, 3, and 4% 
of diet) in a completely randomized design with 4 replicates until 35 d 
of age. ANOVA showed that the feed conversion ratio (FCR) was not 
significantly affected by dietary treatments during the experimentation. 
However, body weight gain (BWG) and feed intake (FI) were signifi-
cantly affected by different levels of dried spearmint from 7 to 14, 7–21, 
and 7–28 d of age (P < 0.05). Regarding the whole of experiment, no 
significant effects of treatment were observed on growth performance of 
quail chicks. Dried spearmint had a hypocholesterolemic effect on serum 
composition (P < 0.05). Regression analysis revealed that the lowest 
cholesterol concentration may be obtained with 1.17% (0.79 ≤ 1.17 ≤ 
1.53) of dried spearmint and the lowest low density lipoprotein (LDL) 
may be achieved with 2.46% (1.07 ≤ 2.46 ≤ 3.86) of dried spearmint. No 
significant differences were observed for protein components (e.g., total 
protein and albumin) in the sera of quail chicks. This study showed that 
2% of dietary spearmint may have beneficial effects on blood profile.

Key Words: Japanese quail, spearmint, performance, blood variable

458P   Quality of eggs, blood calcium, and phosphorus in 
broiler breeders fed on different schedules. A. Londero*, A. P. 
Rosa, C. B. Santos, C. E. B. Vivas, T. S. Toledo, J. Forgiarini, C. 
Orso, G. D. Schirmann, H. M. Freitas, V. Lucca, M. F. Kuhn, H. E. 
Palma, and S. M. A. Mazzanti, Federal University of Santa Maria, 
Santa Maria, Rio Grande do Sul, Brazil.

The objective of this study was to evaluate the influence of 3 feeding 
times over the quality of the broiler breeder’s eggs and on the levels of 
calcium and phosphorus in their blood. The experiment had 330 female 
and 45 male Cobb 500 broiler breeders ranging from 40 to 55 weeks 
of age. The experimental design was completely randomized, based 
on 3 treatments (only at 0800 h; dual [50% at 0800 h and 50% at 1500 
h]; at 1500 h) and 5 groups of 22 females and 3 males. The diets were 
base on corn and soybean meal with the same nutrients levels. The 
evaluated parameters were: total egg production, egg specific gravity, 
eggshell thickness, egg weight and eggshell weight. The laying rate 
was determined by 6 daily collections during the period of the experi-
ment. An electronic outside micrometer 0.001 mm was used to measure 
the thickness of the eggshell. To determine the effect of the 3 feeding 
programs it was evaluated the total plasma calcium and inorganic 
phosphorus at the oviposition and 21 h following the oviposition. When 
significant differences where founded, data were submitted to ANOVA 
and Tukey’s test. The total egg production was not different among the 
treatments (P > 0.05). The eggshell thickness were not affected by the 
different feeding schedules (P = 0.3759). The egg specific gravity (P 
= 0.0087), egg weight (P = 0.0039) and eggshell weight (P = 0.0076) 
were significantly higher in broiler breeders fed at 1500 h (1080.99g/
mL, 73.02 g and 6.91 g). The total of calcium and phosphorus in the 
plasma were not affected by the different feeding schedules. It can be 
concluded that broiler breeders fed at 1500 h produced better shell 
quality eggs without changing the rate of egg laying.

Key Words: feeding times, egg production, broiler breeder, eggshell 
quality, blood composition
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459P   Effects of early imprinting and replacing inorganic Zn 
with different levels of Zn proteinate in broiler diets on growth 
performance and tissue zinc status of broiler chicks. S. Mwangi*1, 
T. Ao2, J. Timmons1, M. Paul2, L. Macalintal2, A. Pescatore2, A. 
Cantor2, and M. Ford2, 1University of Maryland Eastern Shore, Prin-
cess Anne, MD, 2Alltech-University of Kentucky Nutrition Research 
Alliance, Lexington, KY.

Dietary manipulation early in life has been shown to affect the devel-
opment of broiler chickens later in life. The goal of this study was to 
evaluate the effect of feeding a zinc (Zn) deficient diet during the first 
96 h post-hatch and dietary supplementation of different levels and 
sources of Zn on the growth performance, tissue and excreta Zn con-
tent using a RCB wwith a 2 × 5 factorial arrangements of treatments. 
Four hundred twenty (1 d old) male broiler chicks were divided into 2 
groups. One group was fed a corn-soy basal diet containing 25 mg of 
Zn/kg. The second group was fed the basal diet supplemented with 40 
mg of Zn/kg. Both diets were fed for 96 h. At d 5, chicks from each 
group were randomly assigned to the dietary treatments consisting of 
the basal diet alone or the basal diet supplemented with 8 or 40 mg/kg 
Zn as zinc oxide or Zn proteinate. There were no significant interactive 
effects between 2 factors. Early Zn imprinting decreased (P < 0.05) 
feed intake and increased (P < 0.05) gain to feed ratio in 21d growing 
period. Chicks fed low Zn diet in first 96 h had lower (P < 0.05) Zn 
content in the tibia ash and excreta samples and higher (P < 0.05) Zn 
content in the pancreas tissue compared with those fed diets contain-
ing recommended level of Zn. Chicks fed the diet supplemented with 
8 mg of Zn as Bioplex Zn had higher (P < 0.01) Zn content in tibia ash 
compared with chicks fed a diet supplemented with 8 mg of Zn as Zn 
oxide. Chicks fed a diet supplemented with 40 mg of Zn as Bioplex Zn 
had higher (P < 0.01) Zn content in the pancreas tissue compared with 
chicks fed diet supplemented with 40 mg of Zn as Zn oxide. Results from 
this study suggested that Zn imprinting in the early life of chicks may 
increase Zn absorption permanently and the bioavailability of Bioplex 
Zn is higher than that of Zn oxide based on tissue Zn concentrations.

Key Words: imprinting, excreta, proteinate, bioavailability, zinc

460P   Comparison of selenium sources and time of supple-
mentation on performance, lipid peroxides, and tissue selenium 
concentration in broilers. V. A. Silva1, A. G. Bertechini1, B. R. F. 
Nogueira1, H. Mazzuco*2, and H. V. Ribeiro1, 1Federal University of 
Lavras, Lavras, MG, Brazil, 2EMBRAPA, Concordia, SC, Brazil.

Scientific research confirm that yeast selenium (Y-Se) increase tissue 
Se deposition and enhance meat quality however, the limitation for 
the use of this source is it prohibitive cost, 20 times more expensive 
then the inorganic source, sodium selenite (S-Se – 45.6% of Se) com-
monly used in animal feeds. In the present study, Y-Se (2,000 ppm of 
Se) was used in combination or not with S-Se in a corn-soybean meal 
diet (0.095 ppm of analyzed Se). A total of 1,200 broilers (Ross 308) 
were randomly allocated to 6 treatment groups (8 replicate/25 birds). 
The treatments were different periods of birds age Se supplementation 
(0.300 ppm) of inorganic and or organic source: S-Se (1–42 d), Y-Se 
(1–42 d); S-Se (1–14d) + Y-Se (15–42 d); S-Se (1–21 d) + Y-Se (22–42 
d); S-Se (1–28 d) + Y-Se (29–42 d); S-Se (1–35 d) + Y-Se (36–42 d). 
Liver and breast Se concentration, tissue chemical composition, breast 
TB- reactive substances (TBARS) and carcass yield were obtained from 
2 birds/experimental unit at 42 d of age. Data were subject to ANOVA 

and significant differences among treatment means obtained by Tukey 
test at P < 0.05. No differences (P > 0.05) in growth performance and 
yield, hepatic Se concentration, meat quality attributes such as visual 
color quality of breast muscle, pH, water holding capacity and muscle 
shear force. Breast muscle Se content was 1.067 mg/kg (weight basis) 
in the treatment where Y-Se supplemented the broiler diets during the 
last 7 d of the experimental period, and not different (P > 0.05) of a 
deposition of 1.130 mg/kg (weight basis) when Y-Se was used during 
1–42 d. Lower breast muscle Se concentration (0.693 mg/kg, P < 0.01) 
was observed in the treatment where S-Se supplemented the diets during 
the entire experimental period (1–42 d). These results show that there is 
no need to include Y-Se from day one to achieve significant Se contents 
in breast meat besides to reduce the feed cost.

Key Words: breast yield, feed cost, TBARS

461P   Organic trace minerals on performance and carcass 
yield of broilers in summer season. D. E. Faria*, A. R. M. Caniatto, 
D. E. F. Filho, V. C. Caetano, L. F. Demuner, D. Suckeveris, and B. 
H. C. Pacheco, Faculty of Animal Science and Food Engineering, 
Pirassununga, São Paulo, Brazil.

The minerals in organic form are molecules of high bioavailability 
with better utilization by birds in relation to inorganic sources. The 
purpose of this study was to evaluate the use of different levels of 
organic minerals copper (Cu), iron (Fe), manganese (Mn), selenium 
(Se), and zinc (Zn) in the diet of broiler chickens on performance and 
carcass yield in summer season (January to March), with environmental 
temperature ranged from 17 to 35°C, and relative humidity of the air 
from 43 to 95%. In total, 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 as follows: 
T1: control (inorganic minerals Cu, Fe, Mn, Se, and Zn according to 
Rostagno et al., 2011), T2: organic minerals, T3: reduction of 1/3 from 
T2, T4: reduction of 2/3 from T2, T5: increase of 1/3 from T2, and 
T6: increase of 2/3 from T2. The levels of organic minerals (T2) in the 
diets were as follows: Pre-starter (Cu 12.5, Fe 62.5, Mn 88.0, Zn 81.3, 
and Se 0.375 mg/kg), Starter (Cu 11.0, Fe 55.0, Mn 77.0, Zn 71.5, and 
Se 0.330 mg/kg), Grower (Cu 10.0, Fe 50.0, Mn 70.0, Zn 65.0, and 
Se 0,300 mg/kg), and Withdrawal (Cu 7.5, Fe 37.5, Mn 53.0, Zn 48.8, 
and Se 0.225 mg/kg). 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. Data were analyzed by ANOVA using Proc 
GLM of SAS (2004). The comparison among treatments was performed 
by regression and between the sources of minerals (organic and inor-
ganic) was used contrast. For performance characteristics, only the FI 
showed a positive quadratic effect (y = 249.24x2 − 543.27x + 4541.2; 
P < 0.05), with lower consumption for the treatment T2. There was no 
difference among diets for carcass yield and commercial cuts. Organic 
minerals can be used at lower levels than current recommendations for 
inorganic minerals without affecting the performance and carcass yield 
of broilers in summer season.

Key Words: bird, microelements, mineral availability, nutrition, 
season



Poult. Sci. 93(E-Suppl. 1)156

462P   Effect of dietary nonphytate phosphorus (nPP), calcium 
(Ca), and phytase use in broilers to 44 d of age: Performance. E. 
F. Cardoso*1, R. Angel2, W. Li2, S.-W. Kim2, J. R. Timmons3, and 
N. E. Ward4, 1Department of Animal Science, University Federal de 
Viçosa, Viçosa, MG, Brazil, 2Department of Animal Science, Uni-
versity of Maryland, College Park, MD, 3Department of Agriculture, 
Food & Resource Science, University of Maryland Eastern Shore, 
Princess Anne, MD, 4DSM Nutritional Products, Parsippany, NJ.

Several studies have been done at the University of Maryland to deter-
mine Ca and nPP requirements. The current trial was done to test these 
requirements, with or without phytase, in floor pens. Broilers were 
allocated at hatch (H) and fed one of 7 treatments (Trt) (51 b/pen; 8 pens/
Trt) in a 4 phase feeding program (H-10, 11–18, 19–31, and 32–44d of 
age). Trts were: 1. PC, Positive control: Ca/nPP of [1.00/0.48, 1.00/0.48, 
0.85/0.40, and 0.80/0.37%], 2. BWG, Ca/nPP to maximize BWG 
[1.05/0.55, 0.85/0.38, 0.65/0.27, and 0.55/0.22%], 3. Bone, Ca/nPP to 
maximize bone ash from H-18d and BWG from 19 to 44d [1.10/0.63, 
0.95/0.42, 0.65/0.27, and 0.55/0.22%], 4. NC, Negative control as Trt 3 
minus 0.19% Ca and nPP, 5, 6, and 7 were NC + 1000, 2000, 3000 FYT 
Ronozyme HiPhos/kg, respectively. Data were analyzed as completely 
randomized block design using JMP GLM procedure with regressions 
run on NC and phytase Trt. Trt means were separated by Tukey’s test 
when model was significant (P < 0.05). Gain was highest for birds fed 
Trt 6 up to 31d of age but was only different (P < 0.05) to that of birds 
fed Trt 3 and 4. At 44d of age, birds fed Trt 7 had the highest gain but 
was only different (P < 0.05) to that of birds fed Trt 4. There were no 
differences (P > 0.05) detected between Trts in FCR or mortality. A 
regression analysis done with Trt 4, 5, 6, and 7 showed that there was 
an effect (P < 0.05) of phytase concentration on gain at 31 (r2 = 54.4) 
and 44d (r2 = 18.9) of age. In conclusion, feeding Ca and nPP diets that 
met broiler BWG needs results in gain similar to that of broilers fed 
the PC Trt but lowered P in the diet by 19.3% to 44d of age. Feeding a 
1000 FYT phytase/kg diet resulted in similar weights to 44d vs feeding 
PC diets, but lowered P in the diet by 35.4%.

Key Words: calcium, phosphorus, performance, phytase, broiler

463P   Effect of dietary nonphytate phosphorus (nPP), calcium 
(Ca), and phytase use in broilers to 44 d of age: Bone mineraliza-
tion. E. F. Cardoso*1, R. Angel2, W. Li2, S.-W. Kim2, J. R. Timmons3, 
and N. E. Ward4, 1University Federal de Viçosa, Viçosa, Viçosa, MG, 
Brazil, 2University of Maryland, College Park, MD, 3Department 
of Agriculture, Food & Resource Science, University of Maryland 
Eastern Shore, Princess Anne, MD, 4DSM Nutritional Products, 
Parsippany, NJ.

Several studies have been done at the University of Maryland to deter-
mine Ca and nPP requirements. The current trial was done to test these 
requirements, with or without phytase, in floor pens. Broilers were 
allocated at hatch (H) and fed one of 7 treatments (Trt) (51 b/pen; 8 pens/
Trt) in a 4-phase feeding program (H-10, 11–18, 19–31, and 32–44 d of 
age). Trts were: 1. PC, Positive control: Ca/nPP of [1.00/0.48, 1.00/0.48, 
0.85/0.40, and 0.80/0.37%], 2. BWG, Ca/nPP to maximize BWG 
[1.05/0.55, 0.85/0.38, 0.65/0.27, and 0.55/0.22%], 3. Bone, Ca/nPP to 
maximize bone ash from H-18d and BWG from 19 to 44d [1.10/0.63, 
0.95/0.42, 0.65/0.27, and 0.55/0.22%], 4. NC, Negative control as Trt 
3 minus 0.19% Ca and nPP, 5, 6, and 7 were NC + 1000, 2000, 3000 
FYT Ronozyme HiPhos/kg, respectively. Tibias were sampled at 31 and 
44d for ash (TA) determination. Data were analyzed as a completely 
randomized block design using JMP GLM procedure. Trt means were 
separated by Tukey’s test when model was significant (P < 0.05). At 31d, 
birds fed the NC Trt had lower (P < 0.05) TA (mg/g BW) vs. the PC fed 

birds, while birds fed all other Trts were intermediate (P > 0.05). At 44d, 
the birds fed NC Trt had lower (P < 0.05) TA (mg/g BW) vs. those fed 
the PC Trt (1.006 and 1.284 mg/g BWG, respectively). Birds fed Trts 
2, 3, 5, 6, and 7 had lower (P < 0.05) TA vs. those fed the PC Trt and 
greater (P < 0.05) TA than those fed the NC Trt. No differences were 
seen between TA of birds fed phytase Trts. Birds fed to bone needs until 
18d, then to BWG needs until 44d (Trt 3) had similar (P < 0.05) TA as 
compared with those fed the BWG Trt (Trt 2), suggesting that feeding 
higher concentrations of Ca and nPP from H-18d may not be necessary. 
This needs to be confirmed in a processing study with greater sampling.

Key Words: calcium, phosphorus, bones, phytase

464P   Effect of dietary supplementation with vitamin C and 
soybean and sunflower oils in performance and quality of eggs of 
European quails (Coturnix coturnix coturnix). C. G. Q. Roriz1, F. 
L. Silva1, L. S. Fonseca1, L. H. N. Ribeiro1, C. A. Silva Junior1, J. B. 
Lopes2, and L. S. Murata*1, 1University of Brasilia, Brasilia, Federal 
District, Brazil, 2Federal University of Teresina, Teresina, Piaui, 
Brazil.

The aim of this study was to evaluate the performance and egg quality 
of European quails (Coturnix coturnix coturnix) fed diet with soybean 
or sunflower oil supplemented with vitamin C. The experimental period 
was of 70 d (d), divided into 5 cycles of 14 d each. The average maxi-
mum and minimum temperatures were 24 and 20°C, respectively. Two 
hundred and forty quails averaging 115 d of age were distributed in a 
completely randomized design in a 2 × 4 factorial arrangement with 2 
oil sources (soybean and sunflower) and 4 levels of vitamin C (0, 100, 
200, and 400 ppm), with 6 replicates per treatment with 5 quails each. 
At the end of each cycle data was collected from feed intake (FI) (g/
hen/d), egg production (%), feed conversion (FC) (kg feed/kg egg). On 
the same day, 3 eggs of each repetition were collected for analyzes of 
egg weight (g) and relative weight of yolk, albumen and shell (%). This 
data was analyzed through the SAS using the PROG GLM. Sunflower 
oil showed significant effects (P < 0.05) in FI and FC, which was better 
than soybean oil. However, different oils sources showed no differences 
(P > 0.05) in other parameters studied. No significant differences (P > 
0.05) were identified in any of the studied variables when diets were 
supplemented with different levels of vitamin C, it is suggested that the 
results obtained are due to the mild temperatures during the experimen-
tal period. Sunflower oil can improve important performance traits of 
European quails. Further studies with vitamin C in conditions of heat 
stress are hence suggested.

Key Words: ascorbic acid, egg production, feed conversion, polyun-
saturated fatty acids, vegetal oil

465P   Effects of dietary antioxidants on broiler breeder egg 
production, egg traits, embryo development, chick quality, and 
early broiler growth traits. R. A. Renema*1, A. Pishnamazi1, R. 
Samuel2, 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 of half of each group included either oxidized canola oil (fryer 
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oil; OxCAN) as an oxidative 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 grav-
ity 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). Neither dietary oil nor antioxidant 
treatment affected embryo weight at 5, 10 and 15 d of incubation once 
egg weight was accounted for with covariate analysis. Dietary 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 diet 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, vitamin E, Econo-
masE, chick quality

466P   Different metabolites of vitamin D3 in the diet of broiler 
chicken during the starter phase. A. F. Q. G. Guerra1, A. E. 
Murakami1, P. T. M. Pintro1, C. Eyng*2, and C. R. A. Duarte1, 1Uni-
versidade Estadual de Maringá, Maringá, Paraná, Brazil, 2Universi-
dade Federal da Grande Dourados, Dourados, Mato Grosso do Sul, 
Brazil.

Vitamin D is required by the chicken for calcium and phosphorus metab-
olism and bone development. To be useful to body, vitamin D3 ingested 
must be metabolized into 25-hydroxycholecalciferol in the liver and 
subsequently into its active metabolite 1,25-dihydroxycholecalciferol 
[1,25(OH)2D3] in the kidneys. The aim of this study was to verify the 
effect of levels of vitamin D3 and 1,25(OH)2D3 on performance, bone 
quality and serum parameters in the starter phase (1 to 21 d). A total of 
1,344 1-d-old male Cobb chicks were used, distributed in a completely 
randomized factorial design 2 × 4 (2 metabolites of vitamin D3: D3 and 
1,25(OH)2D3; and 4 levels: 200, 950, 1,700, and 2,400 IU/kg feed) 
with 6 replications and 28 birds each. The levels of metabolites of vita-
mins D were added to the diet in replacement for the inert component. 
The vitamin supplement contained no vitamin D. Diets was based on 
corn-soybean. Birds and feed were weighed weekly throughout the 
experimental period to assess performance (weight gain, feed intake 
and feed:gain). For bone quality (bone resistance, ash, phosphorus and 
calcium), the left legs were collected at 7 and 21 d, and were collected 
serum for analyzed calcium and phosphorus at 21 d. All data were 
analyzed by the GLM and differences among means were separated 
using a Tukey`s multiple range tests procedure of SAEG. There were 
no interaction (P > 0.05) between metabolites of vitamin D3 and levels. 
There was a quadratic effect (P < 0.05) on the feed intake and weight 
gain, which was best at 1772.39 and 1760.14 IU, respectively. Among 
the metabolites, the vitamin D3 showed better results (P < 0.05) on 
weight gain at 21 d, compared with 1,25(OH)2D3. Vitamin D3 addition 
linearly increased (P < 0.05) bone ash at 7 and 21 d, calcium at 7 d, 
phosphorous at 21 d and serum calcium percentage at 21 d and had a 

quadratic effect (P < 0.05) on bone resistance at 21 d, which was best 
in 1586.42 IU The others parameters were not affected (P > 0.05) by 
vitamin D3. The level of vitamin D3 for better weight gain was 1760.14 
IU/kg feed and bone quality was 1586.42 IU/kg feed.

Key Words: bone quality, calcium, calcitriol, cholecalciferol, 
phosphorous

467P    Influence of 25-hydroxy vitamin D3 source on growth 
and bone development of young broilers. J. B. Hess*1, K. S. Mack-
lin1, J. T. Krehling1, and O. Gutierrez2, 1Auburn University, Auburn, 
AL, 2Huvepharma Inc., Peachtree City, GA.

This trial compared 2 commercially available 25-hydroxy vitamin D3 
(25-OH D3) products [(X) BioD, Huvepharma Inc., Peachtree City, GA; 
(Y) HyD, DSM Nutritional Products, Basel, SUI ] when fed to young 
broiler chickens. Diets were fed to 10 pens of 10 male broiler chicks 
(Aviagen 708) in Petersime brooder batteries. Each 25-OH D3 product 
was fed at levels of 125, 250, 500, and 1,000 ppm (0.25, 0.5, 1, and 2 
lb/ton). The control diet contained 50 IU vit. D3/Kg (Z). At 21 d of age, 
birds and feed were weighed for BW and FCR. Five birds per group 
were euthanasized and left tibia were removed for ashing (overnight in a 
600°F muffle furnace). Bone ash wt (BA) were determined and analyzed 
using the GLM procedure of SAS. BW and FCR were analyzed using 
SPSS. Broiler BW at 21 d averaged 800g in Z, with improvements in 
BW in all birds fed 25-OH D3 products. BW increases peaked at 250 
ppm for both products, with an apparent reduction in BW for the highest 
level of Y. No significant differences were seen in FCR. Mortality was 
minimal and was not an issue by trt. BA averaged 34% in Z and 35.5% 
to 37% in birds fed 25-OH D3 products. BA curves generally mimicked 
BW curves. Higher BA figures at 250 and 1000 ppm gave X a statistical 
edge (1% level of significance). Average BA was 36.27% across levels 
for X and 35.66% for Y. Significance levels were P = 0.0582 for BA 
and P = 0.0606 for arcsine transformed BA.

Key Words: 25-OH vitamin D3, body weight, bone ash

468P   Effect of intra-egg injection of vitamin D on hatchability, 
embryonic mortality, weight loss, and weight of chicks hatched. 
T. C. O. Quadros*, S. Sgavioli, G. M. A. R. Garcia, L. L. Borges, E. 
T. Santos, D. M. C. Castiblanco, J. P. M. Chiquini, T. Vicentini, V. R. 
Almeida, and S. M. B. Artoni, 2Faculty of Agriculture and Veterinary 
Sciences, Jaboticabal, São Paulo, Brazil.

To evaluate the effect of the injection of vitamin D (cholecalciferol) 
on hatchability, embryonic mortality (early, mid, or late), weight loss 
and weight of chicks hatched, an experiment was conducted with 600 
fertile eggs (Cobb), from broiler breeder hens at 43 weeks. They were 
distributed in a completely randomized design with 5 treatments: control 
(eggs not injected), eggs injected with only 100 µL of olive oil, and eggs 
injected with 1.2 µg of vitamin D (48 IU)/100 µL of olive oil; 2.4 µg 
of vitamin D (96 IU)/100 µL of olive oil and 3.6 µg of vitamin D (144 
IU)/100 µL olive oil for a total of 120 eggs per treatment. The eggs were 
weighed individually twice to calculate weight loss once before incuba-
tion and another during transfer into the hatcher (d 19 of incubation). 
On d 8 of incubation, they were injected the different concentrations 
of D vitamin in the yolk sac and after the injection the hole was closed 
with a label. At hatch, chicks were weighed individually and the eggs 
that failed to hatch were recorded to calculate the weight of the chicks 
and hatchability. Data was analyzed using the General Linear Model 
(GLM) procedure of SAS. In the case of a significance effect, the com-
parison of means was performed using 5% probability of Tukey’s test. 
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For hatchability the Chi-squared test analysis was performed. There 
was significant effect among treatments for mass loss and weight of 
chicks hatched (P < 0.05). Eggs injected with 3.6 µg of vitamin D (144 
IU)/100 µL olive oil and eggs injected only with 100 mL of olive oil, 
being 12.786% and 12.139% respectively, showed the highest percentage 
of weight loss when compared with the control and other treatments. 
The lower weight of chicken hatch (46,908g) was observed with highest 
percentage of vitamin D inoculated in ovo (3.6 µg of vitamin D (144 

IU)/100 µL olive oil). Because the highest concentration (144 IU) of 
injected vitamin D increased the weight loss of eggs and affected the 
weight of chicks hatched, it can be concluded that vitamin D injection in 
fertile eggs during incubation can influence the embryo’s development.

Key Words: broiler chicken, in ovo, calciferol, embryonic develop-
ment, bird



159Poult. Sci. 93(E-Suppl. 1)

Pathology

469P   Anise oil reduces growth of Clostridium perfringens 
in vitro. J. W. Charal*, M. E. Gutierrez, M. E. Janes, and T. A. 
Lavergne, Louisiana State University, AgCenter, Baton Rouge, LA.

Previous studies conducted in our laboratory demonstrated that feed-
ing anise oil (AO) to broilers may reduce intestinal lesions after a 
Clostridium perfringens (CP) challenge. Other studies have reported 
antioxidant, palatant, and antibiotic effects of AO; however, no one 
has evaluated its effect on CP which is of importance for the poultry 
industry. Therefore, this study was conducted to evaluate the effect of 
AO on growth of CP in vitro. Based on previous research, 5 levels of 
AO (500, 1,000, 1,500, 2,000, and 2,500 ppm, which did not compro-
mise poultry growth performance), 2 levels of bacitracin methylene 
disalicylate (BMD; 50 and 100), and 2 levels of salinomycin sodium 
(BioCox; 60 and 120 ppm), and distilled water for control were used. 
The strain ATCC 12918 was used as reference and grown in anaerobic 
conditions. The inoculum was cultured 2 consecutive times for 24 h 
at 37°C. Three concentrations of CP (1 × 109, 1 × 108, or 1 × 107 cfu/
mL) were inoculated in tubes containing 9 mL of reinforced media and 
1 mL of the carrier with the antibiotic concentration in duplicate. All 
tubes were placed in an anaerobic environment and grown for 24 h at 
37°C. After 24 h, the tubes were analyzed for growth, then diluted 1:10 
in distilled water and compared with McFarland opacity standards to 
estimate cfu/ml concentrations. Independent of amount of cfu inoculated, 
CP grew up to approximately 1–2 × 1010 cfu/ml in control media. Growth 
of CP was not detectable (ND) with both levels of BMD and BioCox, 
independent of inoculum concentration. Compared with control, AO 
linearly reduced CP growth (P < 0.05; 9 × 109, 7.5 × 109, 3 × 109, 1.5 × 
109, and ND cfu/ml; with 500, 1,000, 1,500, 2,000, and 2,500 ppm of 
AO; respectively) when 1 × 109 cfu/ml of CP was inoculated. Further 
reduction (P < 0.05) was observed when 1 × 108 cfu/ml was inoculated 
(3 × 108, 3 × 108, 1.5 × 108, and ND cfu/ml; with 500, 1,000, 1,500, 
and 2,000 ppm of AO; respectively). Therefore, AO linearly reduced the 
growth of CP with greater effects when lower cfu of CP were inoculated. 
However, no bactericidal effect was observed at these levels, in contrast 
BMD and salinomycin completely inhibited CP growth.

Key Words: anise oil, BMD, BioCox, Clostridium perfringens, 
reinforced media

470P   Histomorphometric studies on the occurrence of various 
degrees of white striping in broiler breast fillets. T. Z. Ferreira1, 
L. E. Moraes2, L. Lorscheitter1, S. L. Vieira*1, D. Driemeier1, R. D. 
Sainz2, R. Machado Neto3, and L. Kindlein1,2, 1Federal University of 
Rio Grande do Sul, Porto Alegre, Brazil, 2University of California, 
Davis, CA, 3University of São Paulo, Piracicaba, Brazil.

White striping is a myophathy condition characterized by the occur-
rence of white bands, wich are visible on the surface of broiler breast 
fillets. We analyzed the histomorphometric characteristics of pectoralis 
major muscle of Cobb 500 broilers slaughtered at 42 d of age with 
varying degrees of white striping severity. Representative breast fillets 
from each degree of severity [normal (NORM), moderate (MOD), and 
severe (SEV)] were randomly collected (n = 30) in a processing plant 
and submitted to dimensional morphometric analysis (area, muscle 
fiber diameter and density) and 3-dimensional measurements (partial 
volume of muscle tissue) were analyzed. Exploratory analysis of the 
data was conducted through the correlation matrix, Regression ANOVA 
and Tukey’s means comparisons (5%). Higher densities (P = 0.004) and 

smaller diameters (P < 0.001) of muscle fibers were observed in the 
MOD and SEV degrees compared with NORM, however the partial 
volume of breast fillets did not differ significantly (P = 0.635) between 
the 3 groups, probably due to the decrease in the diameter associated 
with an increase in the number of fibers in muscles with MOD and SEV 
degrees. Muscle fibers with white striping showed the characteristics of 
a muscle regeneration process with hyperplasic.

Key Words: broiler, morphometry, myophathy, muscle fiber, white 
striping

471P   Histopathological and epidemiological study of avian 
keratoacanthoma. R. Sesterhenn1, L. C. B. Fallavena2, H. L. S. 
Moraes1, and L. Kindlein*1, 11Federal University of Rio Grande do 
Sul, Porto Alegre, Brazil, 2Lutheran University of Brazil, Canoas, Rio 
Grande do Sul, Brazil.

Ulcerative skin lesions in broilers are a common cause of partial and 
total condemnation of carcasses in slaughter plants, and the avian kera-
toacanthoma (AK) is one of the most frequent. Inspection services in 
Brazil tend to group the cutaneous lesions in broilers carcasses in a single 
category called “dermatosis.” This results in the lack of epidemiological 
data that could lead to the knowledge of many aspects related to the 
etiology of these diseases. The aim of this study was to histologically 
evaluate the AK lesions in broilers slaughtered in 5 slaughterhouses 
in southern Brazil, as well as to analyze the epidemiological factors 
involved in its onset. The criteria for the samples collection was the 
presence of ulcers with a depressed center and raised edges, with 
appearance similar to moon craters as described by Hafner and Goodwin 
(2008). A total of 1,373,989 carcasses were evaluated and 363 of these 
displayed ulcerative lesions. After histopathological analysis, 169 were 
diagnosed as AK, representing a prevalence of 0.012%. Data from 33 
independent variables for association were also collected. From this 
study, the results were analyzed using PROC LOGISTIC in SAS, with 
the method of selecting the STEPWISE. Of these 33 variables, season 
of the year had a significant effect on AK prevalence, with spring higher 
than the other seasons (P < 0.001). Another variable associated was the 
presence of multiple skin lesions with AK prevalence of 83% (64/77; 
P < 0.001). Type of bed also tended (P = 0.12) to alter the incidence of 
AK (birds reared on sawdust, 100%; wood shavings or sawdust, 67%; 
only shavings, 42%). Ulcerative lesions disseminated on the carcasses 
surface were 100% diagnosed as AK, which could represent a criterion 
to be used by the inspection services for the diagnosis of the cause of 
condemnation. There was a great variability in the epidemiological 
factors involved in the onset of ulcerative skin lesions, especially on 
the season and the presence of multiple skin lesions.

Key Words: poultry, broiler, slaughter plant, ulcerative skin lesions, 
keratoacanthoma

472P   Effects of 25-OH vitamin D3 on bone morphometry 
and black bone syndrome. C. F. C. Monteiro, S. L. Vieira*, and L. 
Kindlein, Federal University of Rio Grande do Sul, Porto Alegre, 
Brazil.

A study was conducted to evaluate the effects of 25-OH cholecalciferol 
on tibia cell development and the relationship with black bone syndrome. 
Right tibiae from 24 Cobb 500 male broilers were collected and divided 
into control group (no supplementation) or supplemented with 25-OH 
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D3 (69 mg/ton feed). Bones were weighed, cleaned, length measured, 
color evaluated for lightness (L*) and redness (a*) and macroscopi-
cally analyzed for the occurrence of black bone syndrome (acceptable, 
intermediate and unacceptable) prior and after cooking. Thickness of 
the compact bone and number of osteoclasts were analyzed by histol-
ogy. Data were analyzed by t-test (5%) and Spearman’s correlation. 
Bones from supplemented birds showed a lower incidence of severe 
syndrome (36%) when compared with the Control group (65%). After 
cooking, tibiae showed the same weight in both treatments, 21 ± 3.33g. 
Birds from control group had greater lightness in uncooked and cooked 
bones (37 and 33) when compared with supplemented (32 and 30; P < 
0.05), respectively. Redness was lowest in control group (12.37) when 
compared with supplemented group (16.42; P < 0.05) after cooking. 
The tibias classified as Unacceptable had the thickness of the compact 
bone lowest than others degrees. However, supplementing 25-OH D3 

did not affect the thickness of the compact bone (1,583 vs. 1,726 mm; 
P > 0.05), but positively influenced the growth of tibia length (11.33 
vs. 10.57 cm; P < 0.05). This shorter bone length found in the animals 
without supplementation may be due to inadequate mineral demand or 
low metabolic utilization, due to the high growth rate. This suggests 
that may be essential the supply vitamin D3 available in the chickens’ 
diet of strains with high growth rate. Furthermore, a negative correla-
tion (P < 0.01) was found between the bone’s weight and the number 
of osteoclasts in control group only. Osteoclast count was higher (P < 
0.05) in the animals receiving supplementation (77 ± 1.26) compared 
with control group (59 ± 1.67). The results indicate that supplementation 
of vitamin D3 has active protection function of the skeleton, resulting 
in greater osteoclasts quantity or activity.

Key Words: black bone, bone, vitamin D, poultry, porosity
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473P   Effects of different day-old embryos and proteases on the 
isolation and primary culture of chicken intestinal epithelial cells 
in vitro. C. Yuan*, H. H. Song, X. Y. Zhang, and X. T. Zou, Feed Sci-
ence Institute, Zhejiang University, Hangzhou, China.

The purpose of the present study was to evaluate the effects of differ-
ent day-old chicken embryos and proteolytic enzymes on the isolation 
and primary culture of chicken enterocytes and to establish an effec-
tive technique for chicken intestinal epithelial cell (IEC) cultivation. 
Embryos at 14, 16, and 18 d old (average weight: 52.23 ± 0.76 g, 50.86 
± 0.99 g, 48.98 ± 1.03 g) were the source for preparation of enterocyte 
culture. Trypsin-EDTA, collagenase I, thermolysin and combination of 
collagenase and thermolysin were used for digestion medium. Optimal 
culture protocols were determined by qualitative assays of proliferation 
and the characterization was identified by immunochemical staining. 
Cells isolated by using 14-d-old embryo and collagenase I obtain the 
best attachment and growth in culture, and the production of continu-
ously growing IEC cultures which retain the ability to be positive to 
cytokeratin 18. Thus, we conclude that the use of collagenase I as a 
dissociating enzyme and 14-d-old embryo as a source can be advanta-
geously applied to the isolation of chicken IECs. This method may be 
useful for various applications and basic studies of the intestinal tract 
concerning such objects as physiology, immunology and toxicology.

Key Words: chicken embryo, isolation, intestinal epithelial cell, 
protease, primary culture

474P   Injection of glycosaminoglycans and vitamin C in 
incubation on the weight loss and conductance of the eggs. E. T. 
Santos*, D. M. C. Castiblanco, L. L. Borges, S. Sgavioli, and S. M. 
B. Artoni, São Paulo State University, Jaboticabal, São Paulo, Brazil.

Injection of nutrients into eggs can improve the incubation process. 
This study injected different percentages of a supplement consisting of 
glycosaminoglycans and vitamin C into eggs and evaluated the effect 
during incubation on weight loss and conductance of the eggs. Two 
hundred forty fertile broiler (Cobb) eggs from breeder hens at 43 wk of 
age were used. The eggs were 64 ± 4 g each. The experimental design 
was completely 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 3 horizontal Ecological Premium, model IP 120, 
incubators, with 3 repetitions and 16 eggs per treatment. Each 100 g of 
the supplement were composed of 30,000 mg of chondroitin sulfate, 
30,000 mg of glucosamine and 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 injection 
site was then covered with a label identifying the treatment and repeti-
tion. Statistical analsyses were performed using SAS (2002) program 
with the averages compared by Tukey test at 5% probability. The weight 
loss was calculated as a percent from the difference between the weight 
of the egg at the start of the incubation and at d 18 d of incubation. 
Conductance was calculated by weight loss in grams until the transfer/
saturation vapor pressure (23.86 mmHg at 25°C). Conductance is the 
ability to exchange gases between the egg and the environment, and 
is related to the weight loss. The higher the conductance and loss of 
mass, the greater the evaporative heat loss from the egg will be. In this 
study, weight loss was approximately 7.6% and conductance was 0.320 
and both were not significantly affected (P > 0.05) by the treatments. 

Therefore, the intra-egg injection of the glycosaminoglycans and vitamin 
C supplement did not alter the heat loss from evaporation.

Key Words: ascorbic acid, broiler, chondroitin, glucosamine, nutri-
tion in ovo

475P   Turkey poult survival after ovariectomy and subsequent 
transplantation of vitrified ovarian tissue. G. B. Hall*1,2, C. D. 
Auckland2, B. Wood3, Y. Plante2,1, and C. J. Lessard2,1, 1University of 
Saskatchewan, Saskatoon, SK, Canada, 2Agriculture and Agri-Food 
Canada, Saskatoon, SK, Canada, 3Hybrid Turkeys, Kitchener, ON, 
Canada.

Vitrification of gonadal tissue is a successful method of conserving the 
entire genome for a wide range of species. Following cryostorage, the 
vitrified tissue is warmed and transplanted into a recipient to support the 
appropriate growth and maturation of the reproductive tissue, allowing 
for production of donor derived offspring. Previous works on poultry 
(including chicken, duck and quail) have yielded successful progeny, 
but this technique has yet to been shown on turkey. The objective of this 
study was to determine if poults at 2, 3, 4, and 7 d of age can withstand 
the invasive surgery of ovariectomy and transplantation of ovarian tissue. 
The donor ovaries were harvested from day old poults with a bronze 
phenotype; the tissue was vitrified and stored in LN2. Cell viability and 
histology studies were conducted to determine the damage on the ovarian 
tissue after vitrification. The recipient line was phenotypically white; 
before surgery the poults were given meloxicam orally for an analgesic. 
Isoflurane gas was used as the anesthesia for surgery. The incision was 
made across the left side of the abdomen below the rib cage. The yolk 
sac was removed to allow for greater freedom when accessing the ovary 
(located ventral to the left kidney). The ovary was removed, after which 
the donor ovary was placed orthotopic (in the same position as the host’s 
ovary). Recipient poults recovered in a heated cage post-surgery and 
woke within 15 min. Ceftiofur sodium was then administered subcutane-
ously as an antibiotic. Poults were given mycophenolate mofetil (100 
mg/kg) orally for 8 weeks to suppress the recipient’s immune system. 
Poults which were surgically altered on d 2, 3, 4, and 7 of age survived 
through the procedure at a respective rate of 0% (0/2), 50% (2/4), 33% 
(2/6) and 60% (3/5). Poult survival rate for the procedure was 41%. The 
main cause of death from surgery was excessive bleeding by damaging 
the left common iliac vein. Four-day-old poults were determined to 
be the most logistically suitable for ovariectomy and transplantation. 
Further work will aim to show that 4 d old poults will lead to successful 
grafts that will produce donor-derived offspring.

Key Words: turkey, transplantation, reproduction, conservation

476P   Immunohistochemical characterization of the expres-
sion of fatty acid binding protein 1 in the yolk sac membrane of 
the developing chick embryo. P. Neumann*, M. Kutzler, and G. 
Cherian, Oregon State University, Corvallis, OR.

The yolk sac membrane (YSM) is the tissue responsible for the incor-
poration of lipids from the yolk into the developing chick embryo. Fatty 
acid binding proteins (FABP) are a family of proteins involved in long 
chain fatty acid transport and metabolism. The objective of this study 
was to develop a method using immunohistochemistry to characterize 
the expression of fatty acid binding protein 1 (FABP1) in the YSM of 
the developing chick embryo. Fertilized eggs (n = 4) from Ross broiler 
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hens were incubated under standard conditions. On the third week of 
incubation, the YSM were retrieved. YSM was separated from the 
embryo, fixed in 10% neutral buffered formalin, and paraffin embed-
ded. YSM sections (5 µm) were deparaffinized in xylene, rehydrated 
in graded ethanol successively (100%, 75%, 50%), and rinsed in wash 
buffer for 3 min (Biomedia Corp., M30). The sections were boiled in 
citrate buffer (pH 6.0) for 5 min, and then rinsed with wash buffer for 15 
min. The sections were blocked with serum, and then a polyclonal anti 
FABP1 antibody (1:100) was pipetted onto each section and incubated 
for 2 h at room temperature before being rinsed in wash buffer for 15 
min. A secondary goat anti-rabbit antibody conjugated to Texas Red 
(1:250) was pipetted onto each section, incubated for 30 min, and then 
sections were rinsed in wash buffer for 15 min. Sections collected from 
the liver and duodenum of a Ross broiler hen were treated in a similar 
manner and served as a positive control for FABP1. All sections were 
examined using a fluorescent microscopy to observe the expression of 
FABP1. Within the YSM, FABP1 was localized within the cytoplasm of 
endodermal epithelial cells. The major role that FABP1 plays in nutrient 
delivery across the YSM to the embryo during incubation makes it a 
suitable target for future studies aimed to improve chick hatchability.

Key Words: fatty acid binding protein 1, yolk sac membrane, 
immunohistochemistry

477P   Neurokinin-3 receptor gene is expressed in the chicken 
hypothalamus and pituitary. B. A. Sparling* and G. Y. Bédécarrats, 
University of Guelph, Guelph, ON, Canada.

It has been shown in many vertebrates that neurokinin-B (NKB) and its 
receptor (neurokinin-3 receptors; NK3R) play a major role in regulating 
reproduction. In mammals, this system acts in concert with other pep-
tides and their cognate receptors in cells called kisspeptin-neurokinin-
B-dynorphin (KNDy) neurons to control the pulsatile release of the 
gonadotropin releasing hormone. Although recent studies revealed the 
absence of the kisspeptin signaling components in chickens, no data 
currently exist on the possible role of NKB and NK3R. Thus, we aimed 
at identifying, detecting and quantifying the expression of the NK3R 
encoding gene (called Tac3R) in various tissues during a reproduc-
tive cycle in the chicken. Through genomic searches, we identified a 
predicted Tac3R cDNA sequence which matched the chicken genome 
on chromosome 4 and is encoded by at least 5 exons. Using primers 
designed from the predicted sequence, a 450-bp fragment was amplified 
by RT-PCR from a 29 wk of age (WOA) hen diencephalon sample. After 
cloning and sequencing, this amplicon aligned to the chicken genome 
with over 98% homology. To further determine tissue distribution and 
relative gene expression levels, diencephalon, pituitary, ovary, heart 
and gut tissues were collected from 15 (n = 5), 29 (n = 4) and 70 (n = 
4) WOA Lohmann LSL-Lite White leghorn hens. After RNA extraction 
and reversed transcription, standard PCR was used to evaluate tissue 
distribution and semiquantitative real time PCR was used to measure 
mRNA levels. Out of all the tissues collected, Tac3R mRNA was pres-
ent only in the diencephalon and pituitary. Overall, Tac3R mRNA was 
more abundant in the diencephalon than in the pituitary, and this was 
significant at 15 WOA (P < 0.01). Although not significant, levels of 
Tac3R mRNA tended to decrease in the diencephalon with age. In sum-
mary, our data show that tac3R is expressed in the chicken diencephalon 
and pituitary and, as reported in mammals, NKB may thus play a role 
in controlling reproduction. However, more specific localization and 
functional studies are needed to determine whether it is involved in the 
control of GnRH release.

Key Words: neurokinin, receptor, reproduction, chicken

478P   The peptide phoenixin is expressed in the chicken. B. A. 
Sparling*, K. Ottens, and G. Y. Bédécarrats, University of Guelph, 
Guelph, ON, Canada.

In birds, it has been established that reproduction is regulated by the 
hypothalamic neuropeptides gonadotropin releasing hormone (GnRH), 
gonadotropin inhibitory hormone (GnIH) and their receptors (GnRH-Rs 
and GnIH-R). However, little is known about the mechanisms control-
ling changes in receptor expression in the pituitary. Phoenixin (PNX) is 
a peptide that has recently been shown to upregulate the expression of 
GnRH-R in rodents. This research aimed at determining whether PNX 
is also expressed in chickens and, whether its expression pattern and 
levels would be consistent with a role as potential modulator of GnRH-R 
expression in the pituitary. Through bioinformatic comparisons, we 
found that the PNX gene is present in the chicken genome on chromo-
some 4, and is encoded by at least 3 exons. To further clone PNX cDNA 
and determine tissue expression, diencephalon, pituitary, ovary, heart and 
large intestine were collected from immature Lohmann LSL-Lite hens 
at 15 wk of age (WOA; n = 5) and from sexually mature hens at 29 (n 
= 4) and 70 (n = 4) WOA. After RNA extraction and cDNA synthesis, 
PCR was used to amplify transcripts from the diencephalon of a 15 WOA 
hen using primers generated from the putative start and stop codons. 
PCR amplification identified a 566 bp amplicon which after sequencing, 
matched 100% to the predicted genomic sequence. Furthermore, PCR 
amplification of cDNAs showed that the PNX transcript was present in 
all tissues examined. To determine whether levels of mRNA fluctuate 
during a reproductive cycle, semiquantitative real time PCR was per-
formed and results show that PNX mRNA levels were significantly more 
abundant in the diencephalon at 70 WOA than at 29 WOA (P < 0.05). 
Conversely, PNX mRNA levels were more abundant in the heart at 29 
WOA than at 70 WOA (P < 0.05). No significant changes were observed 
in other tissues although levels tended to be lower in the pituitary at 
29 WOA and increase in the ovary over time. These results show that 
PNX is expressed widely in the chicken, especially in the diencephalon 
and the heart. However, whether PNX regulates GnRH-R as reported 
in rodents remained to be determined and future studies are needed to 
elucidate its biological function.

Key Words: phoenexin, reproduction, chicken

479P   Nutritional effects on reproductive performance of Hy-
Line W-36 parent stock males. Z. S. Lowman*, M. T. Wooten, C. 
R. Parkhurst, and C. M. Ashwell, North Carolina State University, 
Raleigh, NC.

Reproduction in poultry has been studied for many years, and is a crucial 
factor to consider when selecting and raising parental lines. Consider-
able work has focused on broiler breeder males, which has led to the 
development of feed restriction practices, as well as sex separate rearing, 
however very little research as has been done on layer-type males. In 
broiler breeders a negative correlation has been found to exist between 
the body weight (BW) and sexual activity of the male. To explore the 
role of diet during grow out on reproductive traits in leghorn type 
males. Hy-Line parent stock males were raised on 3 different diets 
Low (12%CP) Control (18% CP) or High (24% CP). As birds reached 
sexual maturity, body weight (BW), testis size, semen volume, sperm 
concentration, and histology were measured. Data were analyzed using 
JMP Pro 10 one-way ANOVA. This trial demonstrated significant (P 
< 0.0001) differences in body weights between the diets. The birds 
on the Low diet had a mean BW of (1214.87 g), Control (1435.41 
g), High (1475.96 g). There were significant differences observed in 
testicle weights. The Low group had a significantly lower (P < 0.0001) 
mean weight compared with Control and High groups. Differences in 
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semen volume were observed between the dietary treatment groups, as 
well as differences in sperm concentrations at wk 18–20. Significant 
differences in development were seen between High and Low upon 
histological examination and scoring on a 0–6 scale, 0 = immature (no 
spermatozoa) to 6 = fully mature (spermatozoa present in all tubules) 
of the testis High (3.9) Low (1.2). Suggesting that feeding high nutri-
ent diets during rearing does not result in a decrease in production as 
observed in broiler breeder males, and that low nutrient diets are not as 
beneficial in layer males as in broiler breeder males.

Key Words: Leghorn, reproduction, semen, testis weight, testis score

480P   Isolation and differentiation of mesenchymal stem cells 
(MSC) from broiler compact bones. R. Adhikari* and W. K. Kim, 
University of Georgia, Athens, GA.

Bone disorders and excessive fat accumulation have the potential to 
present major economic and welfare problems in the poultry industry. 
The objective of our study is to develop a method to isolate mesenchy-
mal stem cells (MSC) from compact bones of broilers which can be 
used as MSC culture model to provide an opportunity for better under-
standing of adipogenic and osteogenic mechanisms of chicken MSC 
and identification of novel nutrients/bioactive molecules to promote 
skeletal health and efficient feed utilization in poultry. Femur and tibia 
of 3-d-old male broiler chicks were collected aseptically; bone marrow 
was flushed 6 times with PBS from the compact bones. The compact 
bones were chopped to small pieces and digested with digestion buffer 
containing 0.25% collagenase type II and 20% fetal bovine serum at 
37°C for 50 min. Digested cells containing media were filtered and 
then centrifuged. After removing the supernatant the cell pellet was 
cultured in a specific growth medium Dulbecco’s modified Eagle’s 
medium (DMEM) containing 10% fetal bovine serum. Cells took 6 to 
7 d to grow and define in tissue culture treated 100-mm dish before they 
could be passaged further. Microscopically, the cultured cells showed 
morphology resembling fibroblasts and divided actively and remained 
as a monolayer. They were mainly spindle-shaped cells with both ends 
elongated and proliferated rapidly like whirlpool or flamboyance. Cells 
treated with osteogenic differentiation media containing 5% FBS, 50 
μg/mL ascorbate, and 3 mM β-glycerophosphate were able to grow 
and change their general morphology. Cells treated with adipogenic 
cocktail and oleic acid were positive for Oil Red O stain as early as 
48 h of treatment compared with control group. The multilineage dif-
ferentiation potential of chicken MSC was revealed by their ability to 
undergo adipogenic and osteogenic differentiation. The results suggest 
that MSC can be isolated from broiler compact bones that possess capa-
bility to differentiate into other tissues. These MSC can be used as in 
vitro model for studying effect of different compounds on adipogenesis 
and osteogenesis in chicken which could address many practical health 
and production issues in the poultry industry.

Key Words: MSC, broiler, compact bone

481P   Effect of adipogenic cocktail and different levels of oleic 
acid on adipogenic differentiation of mesenchymal stem cells 
derived from broiler compact bones. R. Adhikari* and W. K. Kim, 
University of Georgia, Athens, GA.

Mesenchymal stem cells (MSC) are multipotent cells that are capable 
of differentiating to different lineages of tissues such as bone, fat, 
muscles, cartilage and dermis. The objective of the study was to evalu-
ate the adipogenic effect of adipogenic cocktail and oleic acid (OA) in 
primary MSCs isolated from compact bones of broiler chicks. Primary 

MSCs isolated from broiler chicks were plated into 6 well plates using 
Dulbecco’s modified Eagle’s medium (DMEM) containing 10% fetal 
bovine serum and treated with respective treatments at confluency. (1) 
Control (C); (2) 75 μM OA; (3) 150 μM OA; (4) 300 μM OA; (5) DMI 
alone (adipogenic cocktail (DMI) containing 500 nM dexamethasone, 
0.5 mM 3-isobutyl-1-methylxanthine and 20 mg/mL insulin); (6) DMI + 
75 μM OA; 7) DMI + 150 μM OA; and (8) DMI + 300 μM OA. At 48 h 
of treatment cells were stained with Oil Red O to observe the adipocyte 
formation in MSC. Total area of Oil Red O stained cells were determined 
in each well. The non-induced cells (control) were negative for Oil 
Red O stain. Cells treated with OA alone showed increased adipocyte 
formation in a dose response manner, whereas cells treated with DMI 
alone did not show any Oil Red O stain at 48 h of treatment. At the same 
time point, cells treated with DMI and OA together showed positive 
for Oil Red O stain similar to the OA alone treatments. Cells treated 
with 300 μM OA have the most distinct Oil Red O stain among other 
3 levels of OA. The study indicates that use of OA alone or OA with 
DMI can induce differentiation of MSC derived from compact bones 
into adipocytes as early as 48 h of treatments, but DMI alone was not 
sufficient to induce adipogenesis in MSC derived from broiler compact 
bones unlike the adipogenic differentiation of mammalian MSC which is 
mainly dependent on DMI. Current result provides rationale for further 
study about regulatory mechanism of OA and adipogenic cocktail in 
changing the fate of MSC when treated alone and combined.

Key Words: adipogenesis, broiler, mesenchymal stem cells, oleic 
acid

482P   Effects of dietary lysine and methionine supplementation 
on serum metabolites, hormones, and their relationship with the 
growth performance of male broilers. W. Zhai*1, E. D. Peebles1, 
X. Wang1, and Y. Mercier2, 1Mississippi State University, Mississippi 
State, MS, 2Adisseo France, Commentry, France.

A previous study has shown that an increase in dietary methionine 
(Met) can improve the performance and meat yield of broilers. Effects 
of dietary lysine (Lys) and Met supplementation on various serum 
metabolites and hormones, and their relationship with the performance 
and meat yield of male Ross × Ross 708 broilers were determined. A 
completely randomized block design with 2 × 4 factorial arrangement 
of treatments was applied (10 blocks, 8 treatments/block, 12 chicks/
pen). The diets, including 2 Lys levels (1.013 and 1.216%) and 4 Met 
levels (0.304, 0.380, 0.456, and 0.532%), were fed from 21 to 42 d of 
age. Data were analyzed by ANOVA of SAS 9.3 using the GLM and 
CORR procedures. Because serum metabolites were not affected by any 
of the dietary treatments, the data were pooled to establish relationships 
between the serum metabolites, hormones, and performance parameters. 
Results obtained showed that uric acid concentration was negatively 
correlated with absolute weights of the whole body, carcass, tenders, 
wings, and leg quarters (P = 0.043, 0.050, 0.035, 0.010, and 0.021, 
respectively). Cholesterol was negatively correlated with absolute breast 
and wing weights, and breast and wing weights as percentages of carcass 
weight (P = 0.014, 0.043, and 0.033, respectively). Insulin-like growth 
factor I (IGF1) and testosterone were found to be positively related to 
BW (P = 0.048 and 0.044 respectively). In addition, positive correlations 
occurred between total protein (TP) and uric acid; total cholesterol and 
TP; high density lipoprotein cholesterol (HDLC) and TP; uric acid and 
total cholesterol; uric acid and HDLC; total cholesterol and HDLC; and 
IGF1 and testosterone (P = 0.017, 0.026, <0.0001, 0.0002, 0.035, 0.015, 
and 0.005, respectively). These results allowed concluding that growth 
performance improvement obtained by increasing dietary Lys and Met 
are not mediated by serum metabolite and/or hormones directly. How-
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ever, this study revealed that the variation of individual serum metabolite 
could be used as an indicator of performance or meat production.

Key Words: broiler, growth, IGF1, methionine, testosterone

483P   Effect of dietary increasing levels of fresh whole garlic 
powder on growth performance, hemodynamic, hematology, 
and ascites syndrome in broiler chickens. S. Varmaghany1, M. A. 
Karimi Torshizi2, S. Rahimi*2, H. Lotfollahian3, M. Hasanzadeh4, H. 
Hemati Matin2, and A. Rahimi5, 1Agricultural and Natural Resources 
Research Centre, Ilam, Iran, 2Tarbiat Modares University, Tehran, 
Iran, 3Animal Science Researches Institute, Karaj, Iran, 4Faculty of 
Veterinary Medicine, University of Tehran, Tehran, Iran, 5Faculty of 
Veterinary Medicine, Islamic Azad University, Tehran, Iran.

The effects of dietary fresh whole garlic (FWG) powder were separately 
studied on hematological parameters, ascites incidence, and growth 
performance of broiler chickens under both standard and cold tempera-
ture conditions (STC and CTC, respectively). A total of 336 day-old 
male broiler chicken (Arian 386, Babolkenar, Iran) were allocated to 4 
experimental groups with 4 replicates of 21 birds per each under STC. 
In addition, the same grouping with another 336 birds was used for the 
CTC. Experimental groups were defined by the inclusion of 0 (control), 

5, 10, or 15 g/kg FWG in diets under both STC and CTC. Growth per-
formance, systolic blood pressure (SBP), physiological and biochemical 
parameters, and ascites indices [right ventricle (RV), total ventricle (TV) 
weights, and RV/TV] were evaluated. The determination of SBP was 
carried out by indirect method with a sphygmomanometer, pediatric 
cuff and Pocket Doppler Model 841-A. The final body weight decreased 
quadratically with increasing FWG levels under SCT (P < 0.01), while 
feed conversion ratio had no significant differences between all groups 
under both STC and CTC. Total mortality and ascites-related mortality 
were similar in all groups under STC, although differed between cor-
responding groups under CTC (P < 0.01). The SBP, packed cell volume 
(PCV), hemoglobin, lactate dehydrogenase, RV, TV, and RV/TV were 
not significantly different between diets, but red blood cell (RBC) and 
erythrocyte osmotic fragility (EOF) were linearly reduced with increase 
FWG levels under STC (P < 0.05). The SBP, PCV, RBC, and EOF were 
linearly decreased with increase FWG levels under CTC (P < 0.05). It 
is concluded that the inclusion of 5 g/kg FWG in susceptible broiler 
chicken diets has anti-hypertensive effect and could decreases ascites 
incidence without impairing broiler chicken performance.

Key Words: garlic, hematological parameter, systolic blood pressure, 
ascites, broiler
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484P   Yolk lipid oxidative stability of European quail (Cotur-
nix coturnix coturnix) fresh and processed eggs fed with soybean 
and sunflower oil supplemented with vitamin C. C. G. Q. Roriz1, 
F. L. Silva1, K. Q. Nóbrega1, A. P. Santana1, Y. V. Guimarães1, J. B. 
Lopes2, and L. S. Murata*1, 1University of Brasilia, Brasilia, Federal 
District, Brazil, 2Federal University of Piaui, Teresina, Piaui, Brazil.

The aim of this study was to evaluate egg yolk lipid oxidative stability 
of European quail fed with soybean or sunflower oil supplemented with 
vitamin (vit) C. The experimental period was of 70 d, divided into 5 
cycles of 14 d each. Two hundred forty quails averaging 115 d of age 
were distributed in a completely randomized design in a 2 × 4 factorial 
arrangement with 2 oil sources (soybean and sunflower) and 4 levels 
of vit C (0, 100, 200, and 400 ppm), with 6 replicates/treatment with 
5 quails each. Eggs were collected for 4 consecutive d and stored in a 
refrigerator at 10°C during 28 d for analysis of lipid oxidation (LO) of 
fresh egg yolk. Other eggs were collected for 3 consecutive d for LO 
analysis of processed egg yolk, where eggs were boiled for 12 min at 
98°C and stored for 28 d in a saline solution at 4°C temperature. The 
thiobarbituric acid reactive substances values (TBARS) were determined 
by the formed malonaldhyde (MDA) to determine LO stability in fresh 
and processed egg yolk on 0, 14 and 28 d of storage. The analysis was 
carried out on each of those d taking 3 eggs from each replicate and 
mixing them to form an egg yolk pool. This data was analyzed through 
the SAS using the PROG GLM. No effect of studied treatments was 
observed in all storage periods (P > 0.05) on LO fresh and processed 
egg yolk. When different types of eggs were compared, fresh egg yolk 
showed lower (P < 0.05) TBARS values (0.55 ± 0.10 mg MDA/kg of 
yolk) than processed egg yolk (1.10 ± 0.88mg MDA/kg of yolk) in all 
storage period. The data suggests that high temperatures during the 
processing of eggs increases LO rate in those eggs, so fresh egg yolk 
has a better lipid oxidative stability than processed eggs.

Key Words: ascorbic acid, internal egg quality, malondialdehyde, 
polyunsaturated fatty acids, TBARS

485P   Yolk lipid oxidative stability of European quail (Coturnix 
coturnix coturnix) fresh eggs fed with soybean and sunflower oil 
supplemented with vitamin E. F. L. Silva1, C. G. Q. Roriz1, M. A. 
Mendonça1, M. E. A. B. Sá1, F. N. G. Costa1, J. B. Lopes2, and L. S. 
Murata*1, 1University of Brasilia, Brasilia, Federal District, Brazil, 
2Federal University of Piaui, Teresina, Piaui, Brazil.

The aim of this study was to evaluate fresh egg yolk lipid oxidative 
stability of European quail (Coturnix coturnix coturnix) fed with soybean 
or sunflower oil supplemented with vitamin E. The experimental period 
was of 70 d (d), divided into 5 cycles of 14 d each. The average maxi-
mum and minimum temperatures were 26.3 and 18.9°C, respectively. 
Two hundred forty quails averaging 157 d of age were distributed in a 
completely randomized design in a 2 × 4 factorial arrangement with 2 
oil sources (soybean and sunflower) and 4 levels of vitamin E (0, 100, 
200, and 400 ppm), with 6 replicates per treatment with 5 hens each. 
Eggs were collected for 3 consecutive days and stored in a refrigerator 
at 4°C during 42 d. The thiobarbituric acid reactive substances values 
(TBARS) were determined by the formed malonaldhyde (MDA) to 
determine lipid oxidation in fresh egg yolk on 0, 14, 28, and 42 d of 
storage. The analysis was carried out on each of those days taking 3 
eggs from each replicate and mixing them to form an egg yolk pool. 
This data was analyzed through the SAS using the PROG GLM. There 

was no effect of oil sources on lipid oxidative stability of European egg 
yolk, during 42 storage days. However, the vitamin E levels showed 
antioxidant effects, when eggs were stored for 28 or 42 d in the refrig-
erator, both showing linear regression y = −0.00028x + 0.958, r2 = 0.86 
(0.98, 0.92, 0.89 and 0.86 mg of MDA/kg of yolk) and y = −0.000011x 
+ 0.7105, r2 = 0.50 (0.72, 0.71, 0.66 and 0.68 mg of MDA/kg of yolk), 
respectively, suggesting a better antioxidant effectiveness when the 
levels of vitamin E used were higher.

Key Words: antioxidant, internal egg quality, polyunsaturated fatty 
acids, malondialdehyde, thiobarbituric acid reactive substances

486P   Yolk lipid oxidative stability of European quail (Coturnix 
coturnix coturnix) processed eggs fed with soybean and sunflower 
oil supplemented with vitamin E. F. L. Silva1, C. G. Q. Roriz1, A. 
C. R. L. Medeiros1, T. M. Barbosa1, L. A. Borgo1, J. B. Lopes2, and 
L. S. Murata*1, 1University of Brasilia, Brasilia, Federal District, 
Brazil, 2Federal University of Teresina, Teresina, Piaui, Brazil.

The aim of this study was to evaluate lipid oxidative stability of pro-
cessed eggs of European quail (Coturnix coturnix coturnix) fed with 
soybean or sunflower oil supplemented with vitamin E. The experimental 
period was of 70 d (d), divided into 5 cycles of 14 d each. The average 
maximum and minimum temperatures were 26.3 and 18.9°C, respec-
tively. Two hundred forty quails averaging 157 d of age were distributed 
in a completely randomized design in a 2 × 4 factorial arrangement with 
2 oil sources (soybean and sunflower) and 4 levels of vitamin E (0, 100, 
200, and 400 ppm), with 6 replicates per treatment with 5 hens each. 
Eggs were collected for 3 consecutive days and stored in a refrigerator 
at 4°C and then boiled in an industrial processing plant. The thiobarbi-
turic acid reactive substance values (TBARS) were determined by the 
malonaldehyde (MDA) formed to determine lipid oxidation in egg yolk 
on 0, 7, 14, 21, and 28 d after processing and storing. The analysis was 
carried out on each of those days taking 2 eggs from each replicate and 
mixing them to form an egg yolk pool. This data was analyzed through 
the SAS using PROG GLM. There was no effect of oil sources on lipid 
oxidation of European processed egg yolks (P > 0.05). However, the diet 
supplementation levels of vitamin E showed a linear regression effect 
(Y = −0.00288x + 2.2945, r2 = 0.868) when eggs were stored for 28 d at 
4°C. However, the analysis of the previous periods (0, 7, 14, and 21 d) 
showed no effect of the vitamin E supplementation, probably because 
the vegetal oil used is naturally rich in tocopherol.

Key Words: antioxidant, internal egg quality, malondialdehyde, 
polyunsaturated fatty acids, thiobarbituric acid reactive substances

487P   Effect of different floral honeys on the lipid oxidation 
stability of cooked chicken meat. A. S. Hernandez-Cazares*1, C. Z. 
Alvarado2, N. Real-Luna1, A. Contreras-Oliva1, J. Velasco-Velasco1, 
and C. Narciso-Gaytan1, 1Colegio de Postgraduados Campus Cor-
doba, Amatlan de los Reyes, Mexico, 2Texas A&M University, College 
Station, TX.

This study was carried out to assess the effect of different floral honeys 
and their inclusion levels on the lipid oxidation stability of cooked 
chicken meat. Breast chicken meat was purchased from a commercial 
supplier, trimmed of fat and connective tissues. The meat was ground 
and mixed separately with each honey: buckwheat (BW), clover (CV) 
and orange blossom (OB), at different in inclusion levels: 0, 3, 6, and 
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9%. Ground meat and honey were mixed thoroughly and formed into 
patties of approximately 100 g each. Afterward, patties were cooked in 
a convection oven up to an internal temperature of 74°C, cooled at room 
temperature, placed in plastic bags, and stored in refrigeration (4°C) 
during 0, 3, 6, and 9 d. A completely randomized block design with a 
3 × 4 × 4 factorial arrangement with 3 replications was used; factor A 
(type of honey), factor B (inclusion level), and factor C (storage time) 
were tested. Chemical analyses of honey and meat TBARS analysis were 
performed at each storage day. The results showed different concentra-
tions of phenolic compounds in each honey; BW honey had the highest 
amount, followed by decreasing order by OB and CV (195.08, 73.09, 
and 66.86 mg of gallic acid/100 g of honey, respectively). Regarding 
the lipid oxidation of the meat estimated by malonaldehyde values, 
there was a significant interaction between main effects (P < 0.05). In 
the BW treatment as the amount of honey increased, malonaldehyde 
values decreased on any storage day; however, in the OB treatment 
lower values were detected only at 6 and 9% of inclusion, while in the 
CV treatment lower values of malonaldehyde compared with the control 
were found only at 9%, upon storage time. For instance, at d 9 of stor-
age malonaldehyde values for the control, BW-3%, BW-6%, BW-9%, 
OB-3%, OB-6%, OB-9%, CV-3%, CV-6%, and CV-9% treatments were 
6.0, 4.3, 1.6, 0.47, 6.0, 6.0, 4.3, 5.1, 5.4, and 4.3 mg/kg, respectively. 
In conclusion, the antioxidant effect of honey on cooked chicken meat 
depends on honey floral source, inclusion level, and storage time of the 
meat. Buckwheat honey exhibits a higher antioxidant protective effect 
than orange blossom and clover honeys, upon storage time of the meat.

Key Words: floral honey, meat lipid oxidation stability

488P   Comparison of natural and artificial phenolic com-
pounds used as antioxidants in chicken nuggets. G. Casco*1, E. 
Demoric2, G. Veluz3, R. Miller1, and C. Z. Alvarado1, 1Texas A&M 
University, College Station, TX, 2Ankara University, Ankara, Turkey, 
3SGS Pte Ltd., Singapore, Malaysia.

Artificial and natural phenolic compounds have antioxidant properties 
in foods. The objective of this study was to compare quality of chicken 
nuggets with no antioxidant (NA), sumac (S, 0.25 and 0.50%), black 
tannins (BT, 0.25 and 0.50%), rosemary essential oil (R, 0.20%), and 
BHA/BHT (AA, 0.01%). In 3 trials, the nuggets were manufactured 
according to industry practices (breast meat 45%, thigh meat 45%, water, 
NaCl 0.60%, Sodium tri-polyphosphate 0.48%, and antioxidant), bat-
tered and breaded to 28% pickup, par-fried (190°C, 30 s), fully cooked 
(oven 177°C,) and blast frozen using pilot plant equipment. The nuggets 
were then stored in PVC wrapped Styrofoam trays at 4°C and 12,900 
lx of white light for 0, 1, 3, and 5 d. Color (n = 60) L*a*b* scale using 
a Minolta colorimeter and pH (n = 15) were determined on the meat 
block at 0, 1, 3, and 5 d. Lipid oxidation (MDA/kg) was determined 
from the meat block in triplicate on d 0 and 5. The S and BT at 0.25% 
had the lowest (P < 0.05) pH (6.58 pH) compared with the R, AA, and 
NA controls (6.74, 6.65, 6.63; respectively) at d 0. However, on d 1, 
3, and 5 no differences (P > 0.05) were observed between treatments. 
In color, overall L* values indicated that the controls R, AA, and NA 
(73.1,72.69, 72.89, respectively) at d 0, 1, 3, and 5 were the whitest (P 
< 0.05) compared with the sorghum phenols. In addition, the increase 
of concentration of S and BT significantly decreased L* values, with 
BT 0.5% (59.26) as the darkest nuggets. Moreover, a* values for BT 
(0.25 and 0.5%) were significantly higher, while b* values were lower 
when compared with all the treatments. Lipid oxidation in the meat 
block showed no difference (P > 0.05) between all treatments on d 0 
(1.58) and 5 (1.58). Overall, sorghum poly-phenols are comparable to 
BHA/BHT and rosemary meat antioxidants and do not affect the pH of 

the meat. However, meat color is negatively affected by both levels of 
sorghum black tannins.

Key Words: tannins, phenols, antioxidant, chicken nugget, sorghum

489P   Tenderness of broilers reared for divergent market 
demands and deboned at varying times pre- and post-rigor. V. B. 
Brewer-Gunsaulis, B. Potter, and C. M. Owens*, University of Arkan-
sas, Fayetteville, AR.

A study was conducted to evaluate the effect of age at slaughter on rigor 
development, tenderness, and fiber characteristics of modern commercial 
broilers selected for varying market segments. Commercial broilers (n 
= 336) were slaughtered at 38 or 52 d of age and deboned at 7 times 
postmortem (PM). Live weight and yield data were collected. Samples 
for pectoralis pH, sarcomere length and muscle fiber diameter were 
collected and Meullenet-Owens razor shear energy (MORSE) was used 
to assess fillet tenderness. The 52-d-old broilers had greater (P < 0.05) 
live weight (3.2 kg vs. 1.5 kg, respectively), ready to cook yield, and 
fillet weight, yield, and fillet dimensions than 38-d-old broilers. For 
both ages, pH declined (6.5 to 5.6; P < 0.05) up to 6 h PM, but were 
similar between 6 and 24 h PM. MORSE values for 38-d-old broilers 
declined (170 to 130 N·mm;P < 0.05) between 2 and 6 h PM, with no 
difference (P > 0.05) between 6 and 24 h PM. For the 52-d-old broil-
ers, MORSE declined beween 2 and 3 h PM (168 to 148 N·mm; P < 
0.05), but MORSE was similar (P > 0.05) between 3 and 24 h PM (148 
to 143 N·mm) suggesting no improvement in tenderness past 3 h PM. 
Moreover, at 8 and 24 h PM, fillets from 52-d-old broilers had greater (P 
< 0.05) MORSE values than 38-d-old broilers (e.g., 143 vs. 107 N·mm 
at 24 h PM, respectively). There was no difference (P > 0.05) in cook 
loss or cooked meat moisture due to age. Sarcomeres were shorter at 2 
h PM than 24 h PM (1.48 vs. 1.58 μm; P < 0.05) but age did not affect 
sarcomere length (P > 0.05) at 2 or 24 h PM. pectoralis muscle fiber 
diameter of the 52 d broilers was over 50% greater (70.8 vs. 45.8 μm, 
respectively; P < 0.05) than the pectoralis fiber diameter of the 38-d-old 
broilers at 24 h PM. The results of this study suggest that older broilers 
within current market segments have tougher breast meat (increased 
shear properties) than younger broilers at later PM debone times and 
this is due to factors other than sarcomere shortening.

Key Words: tenderness, fiber diameter, broiler, age, pH

490P   Age and sex may influence the tenderness and the juici-
ness of breast meat in broilers of fast growth lineage. J. L. M. de 
Mello*, A. Giampietro-Ganeco, A. B. B. Rodrigues, F. B. Ferrari, H. 
Borba, P. A. de Souza, and R. A. de Souza, Universidade Estadual 
Paulista, UNESP, Jaboticabal, São Paulo, Brazil.

The aim of this study was to evaluate how the age and sex of the bird 
may influence the water-holding capacity (WHC), cooking weight loss 
(CWL) and therefore the tenderness of the breast meat in broilers of 
fast growth lineage. We used the pectoralis major muscle from deboned 
carcasses, purchased from a commercial slaughterhouse. The WHC was 
determinate using 2 g of deboned muscle, placed between 2 filter papers 
and acrylic plates, and submitted to the pressure exerted by a weight 
of 10 kg for 5 min. To determine the CWL, samples were cooked in a 
water bath (85°C) for 30 min. The WHC and CWL were determined 
by difference between initial and final weight of samples. From cooked 
samples were obtained subsamples with known area (cm2), submitted to 
cut in Texture Analyzer TA-XT2i texturometer, which determined the 
shear force (SF) in kgf. For statistical analysis a completely randomized 
design in 2 × 2 factorial was used with 2 ages (broilers at 42 d of age 
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and disposal birds at approximately 70 wk of age) and 2 sexes, in 10 
replications. Data were submitted to ANOVA and means were compared 
by Tukey test (5%). The breast meat of disposal birds showed higher 
WHC (72.73%), lower CWL (23.12%) and higher SF (3.764 kgf/cm2) 
than the meat of broilers in ideal age to slaughter (63.81%, 30.50% and 
3.213 kgf/cm2, respectively). Males, regardless of age, showed breast 
meat with higher SF (3.758 kgf/cm2) than females (3.220 kgf/cm2). The 
breast meat from males and females did not show significantly differ to 
the WHC (68.47% and 68.07%, respectively) and CWL (26.44% and 
27.19%, respectively). The aging of the bird promotes muscle changes 
favoring a lower leakage of water through the cells which, possibly, 
would result in a juicier meat. However, this would not provide a soft 
meat as the breast of birds slaughtered at 42 d of age. We suggest fur-
ther studies regarding these muscle changes, so that the cause of such 
benefits to the meat, with the aging of the bird, can be better explained.

Key Words: breeder hen, cock, disposal bird, quality

491P   Attributes related to juiciness and tenderness of breast 
meat in broilers of two lineages. J. L. M. de Mello, A. Giampietro-
Ganeco*, A. B. B. Rodrigues, F. B. Ferrari, H. Borba, L. D. do Carmo 
Vieira, and R. A. de Souza, Universidade Estadual Paulista, UNESP, 
Jaboticabal, São Paulo, Brazil.

The aim of this study was to evaluate how the lineage and sex of the 
bird can influence the water-holding capacity (WHC), cooking weight 
loss (CWL) and therefore the tenderness of the breast meat of broilers. 
The Pectoralis major muscle from deboned carcasses, purchased from 
a commercial slaughterhouse was used. The WHC was determinate 
using 2 g of deboned muscle, placed between 2 filter papers and acrylic 
plates, and submitted to the pressure exerted by a weight of 10 kg for 
5 min. To determine the CWL, samples were cooked in a water bath 
(85°C) for 30 min. The WHC and CWL were determined by difference 
between initial and final weight of samples. From cooked samples were 
obtained subsamples with known area (cm2), submitted to cut in Texture 
Analyzer TA-XT2i texturometer, which determined the shear force (SF) 
in kgf. For statistical analysis a completely randomized design in 2x2 
factorial was used with 2 sexes and 2 lineages, in 10 replications. Data 
were submitted to ANOVA and means were compared by Tukey test 
(5%). There was no significant interaction between lineage and sex of 
birds for WHC and CWL. The breast meat of birds of slow growing 
lineage (free range poultry) showed higher WHC (65.33%) and lower 
CWL (28.39%) than the meat of birds of fast growth lineage (63.81% and 
30.50%, respectively). Males and females, regardless of lineage, showed 
no significant difference to the WHC (64.48% and 64.65%, respectively) 
and WCL (29.95% and 28.94%, respectively). There was a significant 
interaction for shear force. Males of fast growth lineage showed breast 
meat more tender (3.399 kgf/cm2) than males of slow growth lineage 
(4.942 kgf/cm2). Females of slow growth lineage showed breast meat 
more tender (3.113 kgf/cm2) than males of the same lineage (4.942 kgf/
cm2). The lineage of the bird influences the juiciness and tenderness 
of the breast meat. Males have breast meat less tender than females.

Key Words: free-range poultry, sex, quality, shear force

492P   Effect of antemortem heat stress and prolonged hold-
ing time on the physicochemical and quality characteristics of 
chicken meat. A. S. Hernadez-Cazares*1, Y. Bautista-Martinez2, A. 
Pro-Martinez2, E. Sosa-Montes3, N. Real-Luna1, J. Velasco-Velasco1, 
A. Contreras-Oliva1, and C. Narciso-Gaytan1, 1Colegio de Postgrad-
uados Campus Cordoba, Amatlan de los Reyes, Mexico, 2Colegio de 

Postgraduados Campus Montecillo, Montecillo, Mexico, 3Universi-
dad Autonoma Chapingo, Chapingo, Mexico.

In the present study, ante-mortem heat stress and prolonged holding 
time were evaluated for effects on the quality characteristics of chicken 
meat. Ninety broilers of 42 d of age were randomly assigned to 3 treat-
ments with 5 replications, with 6 broilers each, using a completely 
randomized block design. Broilers were feed withdrawn for 8 h, then 
placed into plastic cages and subjected to different holding time with 
or without heat stress; 2 h holding (2H, control 24°C), 2 h holding with 
heat stress (2HS, 40°C), and 8 h holding (8H, 24°C). Broilers were 
slaughtered and processed under commercial-like conditions. After 5 
h post-mortem, carcasses were cut and breast meat was collected and 
analyzed for color (L*, a*, b*), pH, drip loss, water holding capacity, and 
Warner-Bratzler shear force. Breast fillets were cooked in a convection 
oven up to an internal temperature of 74°C, wrapped in aluminum foil, 
cooled at room temperature for 1 h and refrigerated (4°C) for 4 h before 
texture analysis. The results showed significant (P < 0.05) differences 
between treatments in most of the variables analyzed. The 2HS treat-
ment induced a lower pH value (5.64), while the 8H treatment caused 
a higher pH value (6.34), compared with the control treatment (6.05). 
Meat from the 2HS treatment showed higher L* and b* values, and 
lower a*, while the opposite effect was observed in the 8H treatment. 
Additionally, the meat from the 2HS had higher shear force values and 
the 8H lower shear force values compared with the control treatment. 
Water holding capacity and cooked yield were lower in the 2HS meat 
than in the control treatment, but no differences were detected between 
the 2H and 8H treatments. In conclusion, exposure of broilers to ante-
mortem heat stress and prolonged holding time induces changes in the 
physicochemical and quality characteristics of the meat. Meat from 
broilers exposed to heat stress develops the Pale Soft and Exudative 
meat condition, while meat broilers held 8 h develop the Dry Firm 
Dark meat condition.

Key Words: heat stress, meat quality

493P   Optimizing thermophilic Campylobacter isolation in 
enriched cultures from retail chicken. J. S. Pozza1, D. Voss-Rech2, 
L. S. Lopes2, and C. S. L. Vaz*2, 1Universidade do Contestado, 
Concordia, SC, Brazil, 2Embrapa-Brazilian Agricultural Research 
Corporation, Concordia, SC, Brazil.

Thermophilic Campylobacter species are commonly found in broilers 
gut and might contaminate carcasses at processing. Although surveil-
lance of Campylobacter in chicken is crucial to assess its potential for 
causing human campylobacteriosis, isolation of Campylobacter from 
foods is difficult because of its fastidious behavior and competing micro-
flora. This study was undertaken to optimize Campylobacter isolation 
in chicken samples. A total of 37 retail packs of fresh chicken portions 
were purchased between 2012 and 2013 from local stores in Southern 
Brazil. At the laboratory, samples were individually rinsed with buffered 
peptone water and 10 mL of the initial suspension was added to 90 mL 
of Bolton broth that was incubated at 37°C for 4–6 h and then at 41.5°C 
for either 24 h and 48 h following plating onto modified charcoal cefo-
perazone deoxycholate agar (mCCDA) and Preston agar (PA) at 41.5°C 
for 44 h (±4 h). Gram-negative colonies exhibiting curved or spiral rods 
were presumptively identified as Campylobacter and subcultured for 
testing for production of catalase, oxidase, and hydrolysis of hippurate 
and indoxyl acetate. In addition, 34 non-Campylobacter strains that 
overgrew Campylobacter cultures onto selective media were randomly 
subcultured and further analyzed by standard biochemical procedures. 
Higher numbers of Campylobacter-positive samples were found using 
enrichment for 24 h before plating onto PA (19/37, 51.3%) compared 
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with mCCDA (1/37, 2.7%; P < 0.0001). However, there was no statisti-
cal difference between enrichment of samples for either 24 h or 48 h. 
The majority of strains isolated were identified as C. jejuni, while C. 
coli was found only in 2 samples. Moreover, all contaminant strains 
analyzed were recovered from cultures plated onto mCCDA and were 
phenotypically characterized as Proteus mirabilis. This study suggests 
that enrichment in Bolton broth for 24 h following plating onto PA not 
only allows shorter and reliable isolation of thermophilic Campylobacter 
from chicken, but also avoids P. mirabilis spreading. Yet, further studies 
are still needed to validate this culture-based protocol.

Key Words: Campylobacter jejuni, Proteus mirabilis, selective 
culturing, food safety

494P   Cheap extraction of bioactive compounds of berry 
pomace and their mode of action against Campylobacter jejuni. 
S. Salaheen*, C. Nguyen, D. Hewes, and D. Biswas, University of 
Maryland, College Park, MD.

Berries are rich in several phytochemicals such as phenolic acids, 
proanthocyanidins, anthocyanins and other flavonoids and these 
compounds exhibit a wide range of biological effects including anti-
oxidant, antimicrobial, anti-inflammatory and vasodilator. This study 
was designed to develop economically feasible bioactive extracts from 
the extremely cheap byproducts of blackberry and blueberry known as 
pomace and evaluate their effective roles in reduction of Campylobacter 
jejuni colonization in poultry gut. Different ratios of ethanol and water 
were used as solvents for phenolic extraction from berry pomaces. The 
extracts were then used to test their roles in inhibition and host cell-C. 
jejuni interactions using cell culture model. Our results indicated that 
0.6 mg GAE/mL of blackberry or blueberry pomace extracts reduced 
the growth of C. jejuni significantly (P < 0.05) at 24 h. These bioactive 
extracts also altered the physicochemical properties of C. jejuni such 
as cell surface hydrophobicity and autoaggregation of this bacterial 
pathogen. Swimming and swarming motility were reduced by 85 to 
90% and 30 to 40% due to exposure to blackberry and blueberry pomace 
extracts, respectively. qRT-PCR data suggested that blackberry pomace 
extract induced the expression of C. jejuni virulence gene flaA (flagel-
lar filament-A) by 3- to 5-fold. Moreover, attachment of C. jejuni to 
chicken fibroblast cells (DF1) was reduced by ~30–40% in the pres-
ence of berry pomace extracts. These findings suggest that bioactive 
extracts of both blackberry and blueberry pomaces might be effective 
feed additive or water supplement in reducing C. jejuni shedding and 
its cross-contamination into poultry and poultry products.

Key Words: pomace, Campylobacter jejuni, phytochemical

495P   Evaluation of methods and plating media for detection of 
Campylobacter in ceca from 66 different broiler flocks across 11 
months. M. E. Berrang, N. A. Cox, R. J. Meinersmann, B. B. Oakley, 
and D. E. Cosby*, USDA-ARS Russell Research Center, Athens, GA.

Due to high numbers of other bacteria, detecting Campylobacter in 
cecal contents can be challenging. On each of 66 sample days from 
April 2013 through February 2014, a single cecum was collected from 
a commercial broiler evisceration line. Cecal contents were expressed, 
diluted, blended and plated on each of 3 different media: Campy-cefex 
agar (CCA), Campy-Line agar (CLA) and RF Campylobacter jejuni/C. 
coli chromogenic agar (RFCA). Each plating medium was inoculated 
using 2 methods: directly onto agar or through a 0.45µm nitrocellulose 
filter laid on the agar surface and removed once all liquid had passed 
through. Because of a high number of non-Campylobacter background 

colonies on media without filters, counting Campylobacter colonies 
was not always possible. Therefore plates were scored categorically 
by a single observer where 0 indicated no colonies and 1, 2 and 3 were 
assigned for low to high numbers of Campylobacter; a second score was 
assigned in the same way for numbers of non-Campylobacter colonies. 
Campylobacter was detected in 32 of 66 flocks (48.5%). Campylobacter 
was detected in each month and on all media. CCA plates had more non-
Campylobacter background growth than the other plates (mean count 
score of 2.86), making observation of characteristic colonies difficult. 
RFCA and CLA both had lower average count scores for number of 
background colonies (1.86 and 2.00 respectively). RFCA scored high-
est on detection of Campylobacter colonies with a mean count score 
of 1.14 compared with 0.43 for both CCA and CLA. Filter use was 
completely effective for control of non-Campylobacter background 
colonies. Zero non-Campylobacter colonies were detected from any 
filtered sample regardless of medium. Likewise, plating medium did 
not affect detection of Campylobacter colonies from filtered samples; 
the mean Campylobacter colony count score from each medium was 
1.00. In general, RFCA performed better than CCA and CLA for detec-
tion of Campylobacter from cecal samples. However, the filter method 
was the most effective means tested for control of non-Campylobacter 
background colonies regardless of medium used.

Key Words: Campylobacter, broiler ceca, plating media, detection 
method

496P   Diversity of Campylobacter jejuni strains from broiler 
chicken farms in Brazil. C. S. L. Vaz*1, D. Voss-Rech1, J. S. Pozza2, 
and G. L. Mattos1, 1Embrapa-Brazilian Agricultural Research Cor-
poration, Concordia, SC, Brazil, Concordia, SC, Brazil, 2Universi-
dade do Contestado, Concordia, SC, Brazil.

Broilers are a potential reservoir for Campylobacter jejuni strains, which 
are responsible for the majority of human campylobacteriosis cases. 
Currently there are no fully effective strategies to prevent broilers of C. 
jejuni colonization. However, subtyping of strains might offer further 
insight in Campylobacter epidemiology at farm level. This study aimed 
to evaluate the genotypic patterns of C. jejuni isolated from broiler 
flocks. A total of 178 strains obtained from 2010 to 2011 were analyzed. 
Strains were isolated from cloacal swabs, feces, drag swabs, litter, dark-
ling beetles (Alphitobius diaperinus) and drinking water taken from 23 
broiler flocks in 4 Brazilian broiler producing companies. Whole DNA 
from C. jejuni strains was digested by SmaI followed by pulsed-field 
gel electrophoresis analysis (PFGE). Similarity of PFGE profiles was 
calculated by the Dice coefficient and a dendrogram was generated by 
cluster analysis using the unweighted pair group method with arithmetic 
averages. C. jejuni ssp. jejuni ATCC 33560 and Arcobacter skirrowii 
ATCC 51132 strains were used as controls. In total, 33 PFGE profiles 
could be distinguished within the C. jejuni isolates analyzed. Distinct 
patterns were found in the control strains. Furthermore, only one PFGE 
profile was shared by strains from 2 broiler companies, whereas the 
remaining genotypes comprised profiles unique to each given broiler 
producing company. Interestingly, the majority of strains isolated from 
Alphitobius diaperinus showed 100% similarity to the strains isolated 
from broilers in the flock, which may indicate a particular significance 
of darkling beetles as vectors and reservoir of C. jejuni in broiler houses. 
Although broiler flocks were colonized by a variety of C. jejuni strains, 
the predominance of unique genotypes in each studied broiler produc-
ing company suggests that particular sources might be involved on the 
transmission of C. jejuni in broiler farms.

Key Words: Campylobacter, PFGE, food safety, Alphitobius 
diaperinus



169Poult. Sci. 93(E-Suppl. 1)

497P   Development of multiplex PCR for simultaneous detec-
tion of pathogenic Escherichia coli strains and select virulence 
genes. S. H. Park*1,2, S. I. Lee1,3, C. A. Baker1,2, and S. C. Ricke1,2, 
1Center for Food Safety-Department of Food Science, University of 
Arkansas, Fayetteville, AR, 2Department of Food Science, University 
of Arkansas, Fayetteville, AR, 3Cell and Molecular Biology Program, 
University of Arkansas, Fayetteville, AR.

Pathogenic Escherichia coli have been considered as important public 
health foodborne pathogens originating primarily from beef and certain 
E. coli non-beef isolates have also been identified as causative organisms 
in some clinical pathologies associated with turkeys as well as carriers 
of antibiotic resistance genes from processed chicken. Therefore, it is 
critical to develop rapid methods that possess detection discernment for 
different pathogenic E. coli. The aim of this research was to develop 2 
multiplex PCR assays that could simultaneously detect O26, O45, O103, 
O111, O121 and O145 strains that have been identified as the ‘‘big 6’’ 
non-O157 STECs (shiga toxin-producing Escherichia coli) by the US 
Centers for Disease Control and Prevention as causative agents in human 
illness as well as 3 virulence genes (eae, stx1 and stx2). Genomic DNAs 
from 6 STEC strains were isolated and the specificity of each primer pair 
was evaluated via BLAST program and single PCR. Two multiplex PCR 
assays were optimized using 6 primer pairs for each non-O157 STEC 
strain and 3 primer pairs for virulence genes. The multiplex PCR assay 
for each non-O157 STEC strain was optimized with a 155 bp product 
for O26, a 238 bp product for O45, a 321 bp product for O103, a 438 
bp product for O111, a 587 bp product for O121 and a 750 bp product 
for O145, respectively. In addition, multiplex PCR assay for 3 virulence 
genes produced a 375 bp for eae, a 655 bp for stx1 and a 477 bp for stx2. 
This multiplex PCR approach holds promise for being able to not only 
distinguish pathogenic E. coli but provide a rapid method for detection 
in environmental samples.

Key Words: multiplex PCR, STEC, virulence gene

498P   Evaluation of a low pH antimicrobial application for the 
reduction of microorganisms on broiler paws. K. Beers* and P. 
Cook, MCA Services, Rogers, AR.

Poultry paws are an important commodity for different parts of the world. 
Pathogens of concern can be found in all areas of the poultry carcass, 
including paws. This study was conducted to determine the efficacy of 
an acidic pH solution (trade name Citrilow) on Aerobic Plate Count 
(APC) bacteria when used to treat paws. Randomly collected paws were 
obtained from a poultry processing facility, bagged, and transported on 
ice to the laboratory. For control samples, 3 randomly selected paws were 
removed from the bag and placed into a labeled control sample bag. This 
was repeated 2 additional times for a total of 3 control samples, each 
containing 3 paws. For treated samples, 9 random paws were removed 
from the original bag and were placed on a wire rack. The paws were 
allowed to touch and overlap in an effort to closely simulate actual 
plant processing conditions. The paws were treated with 3 different 
pH treatments; treatment 1 was a pH of 1.85, treatment 2 was a pH of 
1.7, and treatment 3 was a pH of 1.5. The application was done with 
a typical poultry processing spray application rate of 20 mL (mL) per 
second for 5 s. After treatment, the paws were drained for 10 s. Three 
treated paws were then placed into a sterile sample bags and labeled 
with the treatment type. This was repeated 2 additional times resulting 
in a total of 3 treated samples, each containing 3 paws, per treatment 
type. Each control and treated sample bag was placed in a refrigerator 
at 4°C until microbiological testing was initiated (<4 h). The paws were 
then quantified for APC using 3M Petrifilm. The quantified results were 
transformed to log10 colony forming units (cfu) per mL. The pH spray 

application resulted in a 0.33 log10 reduction in APC in the treatment 1 
samples, a 0.19 log10 reduction in the treatment 2 samples and a 0.62 
log10 reduction in the treatment 3 samples, as compared with the contol 
which had 4.32 log10 cfu/mL. The use of an acidic pH solution to treat 
poultry paws for consumption can decrease the APC of the product, 
providing the consumer with a safer product and potentially extending 
the shelf-life of the product

Key Words: poultry, antimicrobial, food safety, efficacy, pathogens

499P   Neutralization on whole-bird carcass rinsates with 
cetylpyridinium chloride treatment. P. Cook* and K. Beers, MCA 
Services, Rogers, AR.

The collection of whole-bird carcass rinsates (WBCR) can vary widely 
due to the number of individuals collecting the rinsates. A study was 
conducted to evaluate if there was any microbial differences between 
3 different collection methods of the WBCR after treated with an anti-
microbial. Thirty whole carcasses were inoculated with 1000 cells of 
Salmonella and allowed to rest for 20 min. The carcasses were treated 
with 0.8% cetylpyridinium chloride (CPC, trade name Cecure) at 
typical operating conditions. The carcasses were allowed to drain for 
25 s then were followed by a potable water rinse. After the rinse, 10 
carcasses were rinsed as per USDA standard WBCR procedures, after 
the carcasses were allowed to drain for 15 s (method 1). Another 10 
carcasses were rinsed as per USDA standard WBCR procedures, after 
the carcasses were allowed to drain for 60 s (method 2). The final 10 
carcasses were rinsed as per USDA standard WBCR procedures, after 
the carcasses were allowed to drain for 15 s; however carbon was added 
to the sample collection containers (method 3). An additional 5 carcasses 
were not treated with CPC and served as controls. All samples were held 
refrigerated for 24 h to mimic shipping. After 24 h, all samples were 
tested for aerobic plate count (APC), Salmonella presence via DuPont 
BAX and CPC residual in the rinsates by HPLC. The controls had an 
average APC of 3.19 log10 colony forming units per milliliter (cfu/mL). 
The 3 methods had an average APC of 0.46, 0.00, and 0.27 log10 cfu/mL 
respectively. The residual CPC in the methods was 0.009%, 0.0016%, 
and 0.0011% respectively. The Salmonella results were 10% positive 
for method 1, 0% positive for method 2 and 0% positive for method 3. 
All control samples were positive. All the rinsates had very low levels 
of CPC remaining after rinsing the carcasses, regardless of the rinsing 
sampling method type. Additionally, all the APC results were typical of 
an antimicrobial method. Based on the above results, WBCR collection 
methods did not affect the results and CPC is an effective antimicrobial 
for reducing the incidence of Salmonella and the amount of APC on 
poultry carcasses.

Key Words: neutralization, cetylpyridinium chloride, cecure, poultry, 
food safety

500P   Assessment of ovarian infectivity and colonization by 
Salmonella serovars in White Leghorn chickens. U. S. Babu, M. 
Pereira, O. T. Toomer, G. M. Sharma, K. M. Williams, and K. V. 
Balan*, US Food and Drug Administration, Laurel, MD.

It is well established that Salmonella Enteritidis (SE) is carried by 
chickens and among the leading bacterial cause of food borne illness 
in the US via consumption of raw or undercooked eggs. The ability of 
SE to contaminate eggs is attributed to its transovarian potential. In the 
latest CDC National Salmonella Surveillance Annual report (updated Jan 
2013), Salmonella isolates from clinical chicken cases include serovars 
Enteritidis, Kentucky, Typhimurium (ST), Infantis and Heidelberg 
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(SH) [listed in ranked order]. While enforcement actions target the 
eradication of SE from layers, there is a concern that other Salmonella 
serovars could occupy this niche and be a concern for egg-transmitted 
human salmonellosis. A key aspect for Salmonella to contaminate an 
egg following ingestion would be to become systemic, penetrate the 
vascularized preovulatory follicle and enter the yolk after invading the 
granulosa cells. In this study, White Leghorn chickens (n = 8/serovar) 
were gavaged twice with SE phage type 8, SH and ST (107 cfu/gavage). 
To evaluate systemic (spleen) infection and ovarian colonization, tissues 
were removed at 9 d post infection and evaluated by standard proto-
cols. While splenic colonization (87.5–100%) was observed across all 
serovars, ovarian colonization was limited in SE (25%), SH (62.5%) 
and ST (28.6%) infected birds. As no egg contamination was observed 
due to limited sample size, an ex vivo ovarian granulosa cell invasion 
and proliferation assay was performed to evaluate egg-contaminating 
potential of these serovars. Results showed a significant decrease in 
the ability of SH (2.5 fold compared with SE) to proliferate within 
the granulosa cells whereas ST showed a significant increase (1.6 fold 
compared with SE) in its proliferative potential. Taken together, both 
in vivo and ex vivo studies suggest a possibility of systemic infection, 
ovarian colonization and granulosa cell invasion and proliferation by 
all tested serovars at varying frequencies. It is concluded that further 
experimentation with different phage types and virulence factors are 
needed to get a clearer picture on the egg-contaminating potential of 
Salmonella serovars.

Key Words: Salmonella, layer, ovary, granulosa cells

501P   Glycerol supplementation enhances the protective effect 
of dietary FloraMax-B11 against Salmonella Enteritidis coloni-
zation in neonate broiler chickens. D. Lester*1, R. Delgado2, C. 
Lester1, H. Lester1, J. Blankenship1, J. D. Latorre1, E. Vicuña1, J. L. 
Vicente3, X. Hernandez-Velasco4, A. M. Menconi1, G. Kallapura1, 
S. Layton5, N. Neighbor1, B. M. Hargis1, G. Tellez1, 1University of 
Arkansas, Fayetteville, AR, 2Nutriavicola, Tulua, Valle del Cauca, 
Colombia, 3Pacific Vet Group, Fayetteville, AR, 4FMVZ-UNAM, 
Mexico City, DF, Mexico, 5Vetanco, Buenos Aires, BA, Argentina.

Two experiments were conducted to evaluate the effect of 5% glycerol 
supplementation combined with dietary FloraMax-B11 (FM) against 
Salmonella Enteritidis colonization in neonate broiler chickens. In 
Experiment 1, 60 chicks were randomly assigned into 2 groups. Group 
1 received a control diet supplemented with 5% glycerol. Group 2 
received the same diet with 5% glycerol and FM. At placement, chick-
ens were challenged with S. Enteritidis at 104 cfu/bird. Twelve chicks 
were humanely killed 72 h and 96 h post challenge respectively, for S. 
Enteritidis colonization. Experiment 2 consisted of 2 independent trials. 
In each trial, 60 chicks were randomly assigned into 4 groups. Group 1 
received a control diet. Group 2 received a control diet supplemented 
with 5% glycerol. Group 3 received a control diet supplemented with 
FM; and Group 4 received a control diet supplemented with 5% glycerol 
and FM. At placement, chickens were challenged with S. Enteritidis at 
104 cfu/bird. In each trial, 12 chicks were humanely killed 72 h post 
challenge respectively, for S. Enteritidis ceca/ceca tonsils coloniza-
tion. In experiment 1 at 72 h, no detectable S. Enteritidis was observed 
in the recovery or enriched samples of the chickens that received the 
supplementation of 5% glycerol combined with FM (P < 0.05). At 96 h, 
a significant reduction in the recovery (2.9 log) and incidence (50%) of S. 
Enteritidis was observed in those chickens that received the supplemen-
tation of 5% glycerol combined with FM as compared with the chickens 
that received just 5% glycerol. In Experiment 2, the supplementation 
of 5% glycerol or FM by themselves, showed no significant effect on 

S. Enteritidis recovery or incidence when compared with control non 
treated chickens in both trials. However, no detectable S. Enteritidis 
was observed in the chickens that received the supplementation of 5% 
glycerol combined with FM in both trials. These data are relevant to the 
poultry industry and address both economic and food safety concerns 
faced by this industry.

Key Words: broiler chicken, glycerol, probiotic culture, Salmonella 
Enteritidis, Salmonella recovery

502P   Effect of β-resorcylic acid and chitosan on reduc-
ing Salmonella Enteritidis colonization in 21-day-old broiler 
chicks. I. Upadhyaya*1, A. Upadhyay1, H.-B. Yin1, M. Nair1, D. P. 
Karumathil1, V. K. Bhattaram1, J. Li1, M. I. Khan1, A. Kollanoor-
Johny2, M. J. Darre1, A. Donoghue3, D. Donoghue4, and K. Venki-
tanarayanan1, 1University of Connecticut, Storrs, CT, 2University of 
Minnesota, Saint Paul, MN, 3USDA, Fayetteville, AR, 4University of 
Arkansas, Fayetteville, AR.

Two naturally occurring, generally recognized as safe compounds, 
namely β- resorcylic acid (BR, 0.5%, 1%), chitosan (CH, 0.5%, 1%), and 
their combination (0.5 or 1% each) were investigated for reducing Sal-
monella Enteritidis (SE) colonization in broiler chickens. One hundred 
and 60, day-old chicks were randomly allocated to 8 treatments (n = 20): 
(1) a negative control (no SE challenge or supplemented compound), (2) 
a CH control (no SE, but 0.5 or 1% CH), (3) a BR control (no SE, but 
0.5 or 1% BR), (4) a CH and BR combination control (no SE, but 0.5 or 
1% CH and 0.5 or 1% BR), (5) a positive control (SE challenge, but no 
CH or BR) (6) CH treatment (SE and 0.5 or 1% CH), (7) BR treatment 
(SE and 0.5 or 1% BR) and (8) a CH and BR combination treatment (SE 
and CH and BR at 0.5 or 1%). CH and BR were supplemented in the 
feed for 20 d, starting on d 0. On d 8, birds in the positive control, CH 
and BR treatments were challenged with SE (8 log10 cfu/bird) by crop 
gavage. After 10 d of challenge, 10 birds per treatment (n = 10) were 
killed by CO2 asphyxiation, and cecum, liver and crop from each bird 
were collected for SE enumeration. The SE counts recovered from the 
cecal samples of the control birds ranged from 4 to 5 log10 cfu/g after 10 
d post infection. CH at 1% reduced cecal SE by ~2 log10 cfu/g, whereas 
BR (1%) reduced SE by ~3 log10 cfu/g. The combination treatment 
containing BR and CH at 0.5 or 1% was effective in reducing cecal SE 
by ~2 to 2.5 log10 cfu/g. In the liver, BR (1%) or CH (1%) decreased 
SE by ~2.5 and 1.5 log10 cfu/g, respectively, and their combination 
decreased SE by ~1.5 log10 cfu/g, when compared with controls. In the 
crop, CH (1%), BR (1%) and their combination reduced SE by ~2.3, ~1.3 
log, and 1.5 log10 cfu/g, respectively. The cecal endogenous bacterial 
counts and pH did not differ (P > 0.05) among the various treatments. 
Although supplementation of CH and BR at 0.05% had no effect on 
the body weight of birds (P > 0.05), the treatments containing 1% BR 
or CH slightly decreased the body weight (P < 0.05).

Key Words: Salmonella, broiler, chitosan, β-resorcylic acid

503P   Effects of dietary cadmium and mercury pollution on 
retention of organs and eggs of laying hens. C. Yuan*, H. H. Song, 
J. M. Li, and X. T. Zou, Feed Science Institute, Zhejiang University, 
Hangzhou, China.

This study was conducted to investigate the effects of dietary cadmium 
and mercury pollution on retention of organs and eggs of laying hens. 
One hundred ninety-two Babcock B-300 laying hens, 40 wk of age, 
were randomly allocated to 4 treatment groups, each of which included 
4 replicates of 36 hens for cadmium groups, and the same with mercury 
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groups. Control group was fed with a basal corn-soybean meal diet 
containing 620 μg/kg cadmium (Cd) or 21.56 μg/kg mercury (Hg). The 
diet of Cd group was added 5, 10, and 20 mg/kg Cd, respectively into 
basal diet, and the diet of Hg group was added 1, 3, and 9 mg/kg Hg, 
respectively into basal diet. The 2 experiments lasted for 9 weeks. The 
results showed that Cd contents in the liver (16, 98, 153, and 205 μg/
kg for each group, respectively), kidneys (26, 128, 178, and 261 μg/kg 
for each group, respectively) and ovary (13, 63, 94, and 119 μg/kg for 
each group, respectively) were significant difference (P < 0.05), and Cd 
contents in the kidneys was significantly higher than those in the liver 
and ovary (P < 0.05). Cd contents in albumen (5.16, 7.67, 9.83, and 
10.67 μg/kg for each group, respectively) and yolk (8.67, 11.50, 11.00, 
and 14.50 μg/kg for each group, respectively) increased with the Cd 
supplementary levels, and Cd contents in the trial groups were signifi-
cantly higher than those in the control group (P < 0.05). Hg contents in 
the ovary (1.8, 14.8, 46.8, and 169.7 μg/kg for each group, respectively) 
showed a positive correlation with Hg dosages (P < 0.05). Hg contents 
in eggs (10.0, 26.6, and 54.4 μg/kg for each trial group, respectively) of 
the trial groups were significantly higher than those of the control group 
(4.0 μg/kg; P < 0.05), and eggs of 9 mg/kg Hg group had the highest 
Hg residues (54.4 μg/kg). The results indicated that Cd was deposited 
mainly in the liver and rarely in eggs and ovary, and Hg content in eggs 
would exceed the government limits (not more than 50 μg/kg) when 
concentrations of Hg in basal diet exceed 9 mg/kg.

Key Words: cadmium, mercury, laying hen, retention

504P   The interactions of the intracellular pathogen Listeria 
monocytogenes with the chicken macrophage-like cell line HD11. 
N. A. Jarvis*1, J. R. Donaldson2, C. A. O’Bryan1, S. C. Ricke1, and P. 
G. Crandall1, 1University of Arkansas, Fayettevile, AR, 2Mississippi 
State University, Starkville, MS.

Listeria monocytogenes has been isolated from poultry farms, raw 
poultry processing, and cooked poultry products. While it has also 
been shown to persist in turkey synovial fluids, epidemiological data 
has shown that chickens can be not only reservoirs but also susceptible 
hosts for the bacterium. The purpose of this experiment was to inves-
tigate the interactions between L. monocytogenes and HD11 chicken 
macrophage-like cells, which readily phagocytize the bacterium, assess-
ing the effects on both the bacterium and the host cell. Two strains of L. 
monocytogenes, Scott A and EGD-e, isolated from a human and rabbit 
respectively, were separately inoculated into wells of a 24-well tissue 
culture plate containing 1 × 106 HD11 cells per well. Gentamicin was 
added 1 h post infection to kill extracellular bacteria which had not be 
phagocytized by HD11. Samples were collected at 0, 1, 3, 5, 7, 9, 11, 
and 23 h post-gentamicin application. Changes in bacterial populations 
over time were determined by colony forming units on tryptic soy agar 
plates in duplicate. Both 0.25% Trypsin-EDTA and cell scrapers were 
used to remove HD11 from wells for independent counting of HD11 

with Trypan blue exclusion staining. Cell scrapers negatively influenced 
the viable count of infected HD11 for both strains of L. monocytogenes 
resulting in counts which were over 40% lower than those of HD11 
removed with 0.25% Trypsin-EDTA. In all replicates, Scott A reached 
maximum population density within HD11 at least 2 h before the EGD-e 
strain. Both strains stopped the growth of HD11 and, ultimately, led to 
the lysis and detachment of the cells. In addition, the decline in bacterial 
population density within HD11 for Scott A was before the start of lysis 
and detachment of the macrophages. The results demonstrate that infec-
tion differences are evident between 2 L. monocytogenes isolates when 
introduced to HD11 macrophage-like cells, suggesting that there may be 
strain variation in intracellular interaction with these types of host cells.

Key Words: HD11, Listeria, macrophage, intracellular, pathogen

505P   Detection of residual peracetic acid by titration in 
chicken rinse water. J. Fang*, G. Casco, and C. Z. Alvarado, Texas 
A&M University, College Station, TX.

Peracetic acid (PAA) is an antimicrobial used in finishing chillers to 
meet USDA-FSIS pathogen reduction requirements. However, it is 
unknown if residual PAA is present in chicken carcass rinse water 
consequently affecting Salmonella spp. recuperation. Three replicated 
and statistically analyzed (P < 0.05) experiments were conducted to 
determine residual PAA in carcass rinse water. Experiment 1, from a 
stock solution 2 concentrations of PAA (9 and 24ppm) were diluted in 
9 mL of ddH2O, peptone water (PW, 0.1%), and buffer peptone water 
(BPW) to determine the effects of rinse water on PAA. Using a titration 
drop test kit the average final concentration of PAA was validated, in 
duplicate. The ddH2O final concentration (7.5 and 21 ppm) verified that 
PW (4.5 and 18ppm) reduced PAA and BPW produced no detectable 
PAA (<1.5 ppm) at these concentrations. Experiment 2, the objective 
was to determine the minimum concentration at which PAA became 
detectable in BPW. A series of PAA dilutions from a stock solution were 
made in ddH2O and BPW (0, 24, 30, 36, 42, and 48 ppm) and titrated in 
duplicate to validated the average final concentration of PAA. Peracetic 
acid was detected in BPW (6 ppm) at the 42 ppm dilution, while the 
ddH2O measured 43.5 ppm of PAA. Experiment 3, 5 carcasses were 
immersed for 25 s in 400 ppm of PAA dilution, then drained and hung on 
a shackle for 30 s, rinsed with 400 mL of BPW or ddH2O for 30 s, and 
the rinsate collected for PAA detection. PAA was measured in duplicate 
using a test kit and the average final concentration was reported. The 
pH of the rinse water was also measured using a pH meter. No PAA was 
detected (<1.5 ppm) in either of the rinse waters. The pH of the BPW and 
ddH2O after rinsing was 7.48 and 4.73, respectively. In conclusion, PAA 
was not detectable (<1.5 ppm) in BPW rinse water following the FSIS 
carcass rinse methodology for isolation and identification of Salmonella.

Key Words: peracetic acid, Salmonella spp., carcass rinse, PAA 
titration
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evolution, 102
excreta, 459P
exotic, 312P
expanded cottonseed meal, 139
expression, 158
extension programs, 307P
extruded full-fat soybean, 414P
extrusion, 151
eye, 4

F

fasting heat production, 443P
fat, 455P
fat absorption, 68
fat deposition, 415P
fat source, 415P
fatty acid, 88
fatty acid binding protein 1, 476P
FCR, 119
fear, 216, 270P, 278P, 279P, 280P
fearfulness, 5
feather, 215
feather follicle development, 276P
feather follicles, 317P
feather lipids, 174
feather loss, 209
feather tracts, 317P
feather weight, 348P

feathering, 136
feather-pecking, 204
feed, 69, 291P
feed additive, 50, 388P
feed conversion, 228, 381P, 409P, 464P
feed convertion ratio, 447P
feed cost, 132, 367P, 460P
feed efficiency, 16, 17, 55, 63, 126, 231, 

368P
feed form, 65
feed intake, 423P, 424P, 451P
feed manufacture, 67
feed restriction, 109, 118, 226, 285P
feed self-selection, 288P
feed:gain, 384P
feeding behavior, 208
feeding duration, 433P
feeding program, 6, 61
feeding times, 458P
female, 358P
femoral head, 82
femoral head necrosis, 214
fertility, 6, 42, 83, 166, 255
fiber, 152, 416P
fiber diameter, 489P
field study, 200
fillet, 340P
finisher phase, 454P
fish oil, 453P
flavones of sea buckthorn, 449P
flaxseed oil, 62
flint, 437P
flock health, 201
flock uniformity, 142
floral honey, 487P
flow cytometry, 410P
fluorescence in situ hybridization, 410P
foam, 222, 295P
folic acid, 276P, 348P
follicle, 87
folliculogenesis, 164
food intake, 81
food safety, 96, 267, 268, 292P, 493P, 

496P, 498P, 499P
foot health, 272P
footpad, 4, 323P
footpad dermatitis, 220
footpad skin development, 219
forage intake, 431P
force-feeding, 425P
formaldehyde, 252
Fos, 81
fractional breakdown rate, 244
fractional synthesis rate, 244
fracture, 211
free thyroxine (FT4), 442P
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free-range, 175, 288P
free-range poultry, 292P, 491P
fructooligosaccharide, 24, 110, 380P
fumonisin, 243
fungi, 298P
furnished cage, 207

G

gait score, 4
garlic, 400P, 483P
garlic essential oil, 385P
garlic powder, 395P
gastrointestinal length, 429P
gastrointestinal tract, 298P, 451P
gene disruption, 321P
gene expression, 17, 35, 59, 78, 155, 

160, 428P
gene ontology, 82
genetic and phenotypic correlation, 318P
genetic marker, 125
genetic preservation, 202
genetic selection, 105
genetics, 124, 219, 220, 313P
genome, 314P
genome sequencing, 125
genomic integration, 316P
genotype, 317P
germ-free, 57
ginger, 396P
GIT development, 66
GIT permeability, 109
gizzard, 66
gizzard traits, 416P
glucanase, 196
β-glucanase, 362P, 365P
glucosamine, 474P
glucose, 245
glutamine, 254
glycerol, 141, 419P, 420P, 501P
Gompertz curve, 423P, 424P
Gompertz model, 315P
goose, 286P
gossypol, 139, 144
gossypol residue, 144
graduate education, 306P, 308P
grain sorghum, 430P
granulosa cells, 500P
grape proanthocyanidins, 383P
GRAS, 91
ground turkey, 98, 264
growth, 16, 41, 164, 169, 232, 253, 

285P, 299P, 313P, 348P, 429P, 450P, 
482P

growth and development, 167
growth curve, 315P

growth performance, 55, 61, 144, 152, 
185, 231, 238, 249, 290P, 324P, 398P, 
399P, 401P, 436P, 449P

gut health, 124
gut leakage, 118
gut microbe, 105
gut morphology, 221

H

1,25 (OH)2D3, 157
haplogroup, 322P
hatchability, 6, 42, 61, 166, 180, 255, 

278P
hatchery, 295P
hatching egg storage, 180
hatching indices, 312P
hatching time, 180
Haugh unit, 262, 419P
HD11, 504P
heat processing, 150
heat production, 162
heat sensitive, 192
heat stress, 47, 78, 155, 223, 273P, 492P
heat tolerant, 193
heating hatching egg, 180
heat-tolerant β-mannanase, 193
helminths, 287P
hematological parameter, 483P
hemorrhagic lesion, 274P
hen, 87, 171, 174, 195, 211, 271P, 326P
hen performance, 140
hen-day egg production, 58
hen-day production, 42
heritability, 318P
heritage breed, 8, 356P
heritage stock, 202
heterophil extracellular trap, 20
high performance, 342P
high temperature, 309P
histology, 343P
Histomonas meleagridis, 213
holding time, 179, 438P
horizontal transmission, 263
hormone, 85
Hostazym X, 368P
hot weather, 283P
hot-boning, 101
housing, 210
housing environment, 177
humerus, 161
hybrid rice, 429P
25-hydroxycholecalciferol, 54
25-hydroxycholecalciferol (25-OH-D3), 

28, 30, 247, 467P
25-hydroxyvitamin D, 31

2-hydroxy-4-methylselenobutanoic acid, 
250, 251

Hy-D, 35
hyperammonemia, 79
hyperkeratosis, 272P
hypoxia, 226
hypoxia inducible factor-1a, 435P

I

IBV, 330P
ideal amino acid profile, 338P
ideal protein, 63, 344P, 353P
IgA, 104
IGF1, 482P
IGF-1, 89
IgY, 332P
IL-1β, 21
IL-6, 21
ileal digestibility, 335P, 425P
ileal digestible energy, 376P, 426P
ileal metabolizable energy, 364P
image analysis, 296P
immobilization stress, 80
immune function, 113, 383P
immune gene expression, 394P
immune indices, 324P
immune response, 105, 106, 256, 326P, 

380P, 382P
immune stress, 325P
immune system, 342P, 344P
immunity, 23, 343P, 438P
immunofluorescence, 12
immunohistochemistry, 476P
immunology, 328P
immunomodulatory nutrients, 453P
imprinting, 459P
in ovo, 468P
in ovo feeding, 86
in ovo injection, 179
in vitro, 93
in vivo, 92
incubation, 15, 278P, 281P
incubation temperature, 33, 219, 220, 

284P
indirect calorimetry, 45
individual differences, 206
induced molting, 113
inflammation, 22, 54, 182
inflammatory response, 330P
ingredient quality, 378P
initial development, 432P
injection, 404P
innate immune response, 327P
innate immunity, 20
inoculation, 294P
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inorganic trace mineral, 249
inputs, 203
insoluble, 416P
insulin, 89
internal egg quality, 484P, 485P, 486P
internal egg quality traits, 318P
internal organ, 167, 238
internal parasite, 287P
intestinal cell, 327P
intestinal epithelial cell, 473P
intestinal lesion scoring, 117
intestinal microbiota, 385P
intestinal morphology, 66, 380P, 387P
intestine, 56, 85
intracellular, 504P
intracloacal, 91
intradermal injection, 22
iodinated casein, 86
IPM, 307P
isoforms, 13, 14
isolation, 473P
l-isoleucine, 134, 135

J

Japanese quail, 125, 256, 347P, 457P
Jing-Hong laying hen, 142, 167

K

kaolin, 452P
keel, 211
keel fracture, 210
keratoacanthoma, 471P
kinome, 328P
kinome analysis, 329P

L

labs, 198
lactic acid, 38, 83
lactic acid bacteria, 99
Lactobacillus, 83
lameness, 9, 214, 314P
largest follicle, 89
lauric arginate, 97
law, 199
layer, 39, 58, 113, 162, 279P, 281P, 

304P, 342P, 500P
layer chicken, 453P
layer hen, 177
laying hen, 2, 32, 36, 37, 38, 40, 48, 62, 

139, 143, 161, 165, 173, 181, 200, 
204, 207, 208, 210, 237, 250, 275P, 
293P, 325P, 334P, 341P, 402P, 405P, 
417P, 420P, 431P, 503P

laying hen behavior, 206
laying Japanese quail, 255
laying performance, 139, 396P
learning, 303P
lecithin, 141
LED, 170, 270P, 281P
legal issues, 199
Leghorn, 479P
length, 340P
lesion, 29, 119
leukocytes, 22
light, 169, 171, 278P, 280P, 281P
light source, 293P
lighting, 170, 172, 270P, 279P
limiting amino acids, 343P
linear regression, 351P
linseed oil, 419P
lipase, 88
lipid, 245
lipid metabolism, 436P
lipid oxidation, 237, 402P
lipid oxidation products, 284P
lipid oxidation stability, 261
lipids source, 418P
Lipofectamine LTX, 18
lipogenesis, 156
α-lipoic acid, 399P, 401P
Listeria, 504P
litter, 182, 304P, 361P
live coccidiosis vaccine, 52
live performance, 220, 367P
live weight, 409P
liver, 59, 172
liver lipid components, 153
LMH, 156
local chicken, 315P
low ambient temperature, 130, 435P
low energy diets, 43
low fat DDGS, 456P
lower respiratory tract, 168
low-protein diet, 442P
LPS, 22, 453P
LR8, 87
lutein, 382P, 433P, 453P
lymphoid organs, 178, 438P
lysine, 131, 132
lysine requirement, 142
lysolecithin, 417P

M

macrophage, 504P
macrophage migration inhibitory factor, 

23
maintenance, 337P
major gene index, 319P

major gene segregation, 319P
male broiler, 357P
malondialdehyde, 484P, 485P, 486P
management, 1, 200
management weight, 299P
mannan oligosaccharides, 57
mannan-oligosaccharides, 386P
β-mannanase, 192
Manning compound, 80, 159
marination, 260
mash, 333P
mass balance, 361P
mass spectrometry, 82, 163
Massachusetts vaccine, 331P
MAT, 428P
maternal, 247
maternal antibody, 332P
maternal nutrition, 465P
mathematical models, 412P
mating behavior, 11
ME, 334P
mean particle size, 140
meat, 261
meat chicken, 288P
meat lipid oxidation stability, 487P
meat quality, 5, 131, 274P, 388P, 393P, 

399P, 401P, 449P, 492P
meat yield, 132, 238
mechanics, 75
mercury, 503P
mesenchymal stem cells, 481P
meta-analysis, 192, 193
metabolic rate, 225
metabolic trial, 359P
metabolism, 245, 328P, 448P
metabolizable energy, 73, 133, 236, 

333P, 357P, 358P, 412P, 420P, 425P, 
426P, 456P

metabolizable energy level, 137
methionine, 131, 132, 276P, 348P, 355P, 

356P, 482P
methionine hydroxyl analogue, 130
methods, 291P
microalgae, 438P
microbe, 282P
microbial feed supplements, 407P
microbiome, 105, 168, 362P
microbiota, 24, 57, 410P
microelements, 461P
microflora, 386P
mineral availability, 461P
Miscanthus, 7
Miscanthus gigantus, 176
mitochondrial bioenergetics, 12
mitochondrial DNA, 102
modeling, 8, 161
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modified-atmosphere packaging, 99
moisture, 455P
moisture-sensing device, 215
mold, 305P
molecular techniques, 319P
moringa meal, 238
morphology, 182, 395P
morphometry, 470P
mortality, 217, 450P
MOS, 269
mRNA expression, 86
MSC, 480P
mTOR-S6K1 pathway, 35
mucin 2, 104
mucosal, 111
multi-component enzyme, 367P
multiple linear regression, 296P
multiplex PCR, 497P
multispecies grazing, 292P
muscle deposition, 273P
muscle disorder, 154
muscle fiber, 470P
muscle nutrition composition, 286P
muscle selenium deposition, 250
mycotoxicoses, 243
myogenesis, 13, 14, 79
myogenic regulatory factor, 79
myopathy, 258, 470P
myosin, 13, 14
myostatin, 79

N

n-3 fatty acid, 62
naked neck, 3
naked oats, 355P
nanocrystalline cellulose, 436P
nanoparticle, 257
native chicken, 318P
natural antioxidant, 237, 402P, 409P
natural compound, 96
Natustat, 120
NDV, 222
near-infrared spectrophotometer, 455P
necrotic enteritis, 103, 112, 121, 229, 

230, 384P
nest substrate, 175
net energy, 236, 443P
NetB, 112
neurokinin, 477P
neutralization, 499P
nicarbazin, 108, 115
Nigeria, 312P
NIRS, 334P, 378P
nitrogen, 448P
nitrogen balance, 337P, 351P

NK-lysin, 310P
nonessential amino acid, 151
non-linear feed formulation, 412P
nonlinear model, 167
nonphytate phosphorus, 325P
novel organism, 168
nPP, 41
NSP, 188
NSP enzyme, 190, 195, 378P
Nutrafito Plus, 116
nutrient, 143, 357P, 358P, 450P
nutrient digestibility, 385P
nutrient requirement, 432P
nutrient retention, 196
nutrient utilization, 137
nutrient value, 437P
nutrition, 69, 345P, 451P, 461P
nutrition in ovo, 474P
nutritional matrix, 378P
nutritional requirement, 341P, 344P, 

346P, 353P, 413P
nutritive value, 147

O

offspring, 95
oils, 420P
oleic acid, 481P
oncogene, 114
open field test, 5
orexin, 12, 155, 156
orexin receptors, 155
organic, 356P
organic acid, 387P, 403P
organic zinc, 332P
origin, 145
osteomyelitis, 314P
ovary, 87, 500P
oviduct, 21, 88, 165
OVLT, 77
ovulation, 164
oxidative stress, 78

P
15N-Phe, 244
P digestibility, 181
PAA titration, 505P
pain, 216
parasitology, 102
particle size, 65, 68
Pasteurella multocida, 265
pasture, 431P
pasture production system, 178, 446P
pathogen, 498P, 504P
pattern intake, 140

paw score, 7
peak feed, 61
pectoralis major (PM), 13, 14
Pekin duck, 104
pellet, 26, 65, 333P, 452P
pellet quality, 67, 70
pellets, 68
pen effect, 302P
peracetic acid, 505P
performance, 26, 30, 31, 48, 49, 51, 73, 

107, 108, 116, 176, 178, 187, 221, 
233, 234, 242, 253, 256, 257, 323P, 
338P, 345P, 346P, 347P, 349P, 354P, 
365P, 372P, 373P, 375P, 382P, 383P, 
385P, 386P, 395P, 403P, 405P, 408P, 
413P, 414P, 432P, 444P, 454P, 457P, 
462P

performance depression, 312P
permeabilizer, 240
PFGE, 496P
pH, 291P, 489P
phenol, 100, 488P
phenolic content, 439P
phenols, 488P
phoenexin, 478P
phosphorous, 466P
phosphorus, 25, 326P, 427P, 454P, 462P, 

463P
phosphorus digestibility, 248
phosphorylation, 328P
photoperiod, 4, 171
physiology, 85
phytase, 26, 37, 38, 41, 42, 181, 182, 

183, 184, 186, 187, 246, 252, 361P, 
369P, 373P, 462P, 463P

phytate, 184
phytate phosphorus, 246
phytochemical, 494P
phytogenic, 389P, 394P
PiggyBac, 18, 316P, 321P
pigment, 235
pine shavings, 176
plant extract, 236, 393P
plasma inositol, 246
plasma lipid metabolites, 153
plating media, 495P
play behavior, 204
PN strategy, 444P
polymeric Ig receptor, 104
polymorphism, 310P
polynomial quadratic, 352P
polyunsaturated fatty acids, 84, 284P, 

464P, 484P, 485P, 486P
pomace, 494P
porosity, 472P
postbaccalaureate, 306P
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post-hatch chick, 158
post-hatch nutrition, 444P
post-hatching phase, 451P
postmortem time, 259
post-pellet, 67
post-pellet liquid fat application, 74
poultry, 168, 170, 287P, 298P, 299P, 

343P, 345P, 349P, 353P, 387P, 388P, 
403P, 412P, 413P, 447P, 452P, 471P, 
472P, 498P, 499P

poultry diseases, 201
poultry farmers’ forum, 203
poultry feed, 50
poultry health, 407P
poultry performance, 392P
poultry processing, 96
Poultrygrow 250, 191
practical formulation, 335P
PreAcid BA Forte, 51
prebiotic, 49, 56, 58, 232, 386P, 391P, 

408P
precision, 2
precision livestock farming, 225
prednisolone, 82
pre-enrichment, 291P
preference, 151
prestarter diet, 254
pre-stun shock, 274P
primary bronchus occlusion, 226
primary culture, 473P
probiotic, 49, 56, 58, 91, 94, 107, 113, 

227, 232, 400P, 404P, 406P, 407P, 
408P

probiotic culture, 501P
probiotis, 392P
processing, 71
production, 422P, 431P
productive performance, 141, 212, 417P, 

445P
profit, 143
profit maximization, 181
progeny duckling, 247
proinflammatory cytokine, 165
propolis, 397P, 398P
protease, 186, 189, 190, 191, 194, 371P, 

373P, 473P
protein, 113, 233, 455P
protein and mRNA expression, 156
protein dispersibility index, 414P
protein functionality, 101
protein ingredients, 360P
protein quality, 145
protein solubility, 259
protein source, 64
protein turnover, 35, 244
proteinate, 459P

proteinate-trace mineral, 249
proteomics, 163
Proteus mirabilis, 493P
pterylosis, 317P
pullet, 41, 75, 142, 152, 205, 232
pullet growth, 218
pulmonary vascular remodeling, 435P
purified diet, 337P
pyrosequencing, 223
pyrroloquinoline quinine, 405P

Q

qRT-PCR, 158
quadratic regression, 36
quail egg, 418P
quail muscle, 78, 155
quail muscle (QM7) cells, 12
quality, 418P, 422P, 490P, 491P
quantitative computed tomography, 37, 

39
quercetin, 48, 89

R

16S rRNA, 124
raising model, 286P
rapid feed passage, 149
raw eggs, 237, 402P
rearing, 290P
receptor, 477P
redox status, 383P
regression, 114
regulatory T cells, 329P
reinforced media, 469P
reproduction, 76, 126, 475P, 477P, 478P, 

479P
reproductive development, 342P, 344P
reproductive system, 341P
β-resorcylic acid, 92, 502P
resource, 206
resource allocation, 126
respiratory tract, 223
response teams, 307P
retainable phosphorus, 34
retention, 427P, 503P
RNASeq, 106
RNA-seq, 17, 154
rooster, 337P
rooster spermatozoa, 166
rosemary, 397P
Rous sarcoma virus, 114
Rous sarcoma virus induced tumor, 320P
routes, 294P
royal jelly, 398P
RT-qPCR, 330P

S

Saccharomyces cerevisiae boulardii, 121
Saccharomyces cerevisiae, 230, 445P
salinomycin, 120
Salmonella, 90, 94, 95, 97, 99, 177, 222, 

240, 264, 269, 291P, 298P, 300P, 
326P, 329P, 500P, 502P

Salmonella Enteritidis, 123, 221, 263, 
501P

Salmonella Enteritidis LPS, 110
Salmonella Gallinarum, 265
Salmonella Heidelberg, 98
Salmonella Pullorum, 265
Salmonella recovery, 501P
Salmonella spp., 505P
salmonellosis, 242
Salvia miltiorrhiza, 396P
sanitation, 282P
Saudi chicken, 309P, 310P
Saudi chicken strains, 283P
SBM, 70
scientific journey, 308P
scientists, 308P
scotoperiod, 171
scratch pad, 174
season, 461P
selection, 315P
selective culturing, 493P
selenium, 29, 250, 251
selenocysteine, 251
selenomethionine, 251
self-selection, 8
semen, 479P
seminar, 308P
semi-purified diets, 34
sensitivity, 115
sensory evaluation, 446P
sequencing, 24, 314P, 391P
serotonin, 275P
serotype, 264
serum 25-OH vitamin D, 31
serum biochemical profile, 144
serum FITC-d, 118
sex, 160, 172, 491P
sexual maturity, 244, 424P
shear force, 491P
shell strength, 283P
shell traits, 272P
shotgun proteomics, 82
signaling, 328P
signaling pathways, 329P
site-specific recombination, 19
skeletal integrity, 285P
skeleton, 15
slaughter plant, 471P
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small intestinal and morphology, 254
small intestine, 57
SNP, 125, 310P, 320P
sodium butyrate, 242
sodium reduction, 101
solid state fermentation, 60
sorghum, 100, 373P, 421P, 422P, 448P, 

488P
soy, 73
soy oil, 452P
soybean meal, 64, 145, 371P
soybean oil, 379P
soybean protein concentrate, 359P
space allowance, 207
spearmint, 457P
specific gravity, 63
spectrum, 293P
speed bumps, 9
sperm characteristics, 166
sperm motility, 83
sperm storage tubule, 88
sperm viability, 88
spray application, 301P
spray vaccine, 10
spray-dried plasma, 441P
SR-49059, 80, 159
standardized digestibility, 129
standardized ileal digestibility, 128
Staphylococcus aureus, 265
star anise, 396P
starter phase, 360P
STEC, 497P
stocking density, 212
straw, 175
stress, 76, 125, 159, 169, 270P, 278P, 

279P, 280P, 289P, 350P, 448P
subcutaneous injection, 179
subfornical organ, 77
substrate, 367P
sulfur, 304P
sulfur amino acids, 341P, 344P, 346P, 

347P
sunflower hull, 416P
sunflower meal, 256
super-dose, 184
survey, 1
sweet potato, 288P
systemic immunization, 111
systolic blood pressure, 483P

T

table egg, 177
tallow, 379P
tannin, 100
tannins, 488P

TBARS, 237, 402P, 460P, 484P
teaching, 198
technology, 198
technology disseminating area, 203
telomerase reverse transcriptase, 322P
temperature, 3, 15, 258, 297P
tenderness, 489P
tendon, 212
testis score, 479P
testis weight, 479P
testosterone, 482P
tezontle, 212
thermography, 205
thiobarbituric acid reactive substances, 

485P, 486P
threonine, 336P
thyme, 400P
thymus, 106
tibia, 212
tibia ash, 28, 183
tibia dyschondroplasia, 16
tibial head necrosis, 214
tissue distribution, 160
titanium oxide, 148
TLR ligand, 165
Tol2, 316P
tom, 171
total sulfur AA, 339P
toxoid, 112
trace mineral, 33
tract digestive, 341P
training grant, 306P
training program, 201
transcription, 14
transcriptome, 13, 106
transformation, 18
transgenic, 321P
transgenic chicken, 19, 316P
transmission dynamics, 10
transplantation, 475P
transport, 289P
transport stress, 277P
transportation, 215
transposon, 316P, 321P
trans-cinnamaldehyde, 50
triiodothyronine (T3), 442P
trimmed comb, 205
trimmed wattle, 205
true digestibility, 427P
true metabolizable energy, 440P
trypsin inhibitor, 149
trypsin inhibitors, 70
tryptophan, 275P
tumor, 114
turkey, 5, 23, 65, 95, 126, 147, 231, 

322P, 336P, 372P, 475P

turkey hen, 268
turkey poult, 269

U

ulcerative skin lesions, 471P
ultrasound, 164
undergraduate, 303P
underrepresented minorities, 306P
undigested, 194
uniformity, 225
units of maintenance protein, 351P
unsanitary environment, 54
uterine mucosa, 21

V

V1a and V1b receptors, 159
vaccination, 179, 266
vaccine, 107, 112, 301P
vaccine efficiency, 301P
vacuum coating, 68
valgus, 16
l-valine, 134, 135
varus, 16
vascular endothelial growth factor, 435P
vasopressin receptor (V1aR), 77
vasotocin receptor, 81
vector control, 307P
vegetable extract, 409P
vegetable protein, 60, 151
vegetal oil, 464P
vertical infection, 123
veterinarian, 201
VFA, 374P
viability, 18
Victus, 188
villus, 56
virginiamycin, 116, 121, 239, 395P
virulence gene, 497P
viscera meal, 359P
viscosity, 46, 122, 370P, 426P
vitamin C, 435P
vitamin D, 32, 472P
vitamin D3, 54
vitamin E, 397P, 465P
vitamin premix, 30, 247
volume, 296P

W

water, 69, 282P
water access, 224
water-holding capacity, 259
WDG, 439P
weight gain, 381P, 409P
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welfare, 204, 206, 210, 211, 218, 276P
welfare quality, 173, 209
well-being, 207, 210, 275P
wetness, 215
wheat, 367P
White Leghorn, 273P
white striping, 470P
whole body, 361P
whole-genome sequencing, 320P
wire floor model, 9
wood shavings, 175
wooden breast, 154

X

xylanase, 43, 44, 186, 187, 194, 196, 
252, 362P, 363P, 365P, 366P, 368P, 
373P, 374P

d-xylose, 245, 450P

Y

yeast, 228, 230, 305P, 407P
yellow corn, 149
yellow dent, 437P
yellow xanthophylls, 235
yield, 258
yolk sac, 284P
yolk sac membrane, 84, 476P

Z

zearalenone, 243
zeaxanthin, 433P
zinc, 29, 213, 323P, 459P
zinc oxide, 257  


